; | JKLe3eKbK: 6TbhCS02- 054 Page 1 1 2 3 4 DEVICE, DESIGN AND METHOD FOR A

SLOT IN A CONDUCTI VE AREA 5 6 7 Background of Invention 8 9 1) Field of the
‘Invention 10 This invention relates in general to sem conductor devices,

met hods for 11 designing sen conductor devices, masks and mask designs, and

nore particularly, to 12 sem conductor designs, nethods and devices wth

slots in active areas. 13 14 15 16 2) Description of the Prior Art 17 18

Sem conductor integrated circuits and printed circuit electronic 19

packages are generally structures conprised of several |ayers of

conducting, insulating and 20 other materials that are structured in the

hori zontal €PF#&EASFon by fabrication processes that 21 transPage Ipatterns

defined in physical designs or layouts. A layout consists of a set of

pl anar 22 geonetric shapes in several |ayers. These physical designs or

| ayouts lare typically 23 represented as conputer data consisting of two

di mensi gnal shapes in a hierarchical data 24 structure that exploit the

repetitiQ/e structure usually found in such circuits and packages. 25 The

desi gn g; | ayout files are then converted into pattern generator files that

are used to 26 produce patterns called masks. 27 In sone cases, the action

of the fdabri cCREMICE) DESIEN ANIMETHED PYR ASIASTUNSA TORPUETIVE AR IA

transferred to the physical materials. For exanple, the local pattern 1

CS02- 054 Page 2 1 density of the design, i.e., the fraction of area over

which neggerial is deposited (or 2 renoved) can affect the shapes and

di nensi ons of features, with the "locality extent" 3 dependent on the

speci fi ¢ fabrication process. A $ekgpdundrafdasenticnat nmay be affected by 4

| ocal pgftern density is chem cal -nmechanical (so called "chenech")

polishing (CW). CWP 5 is used to planarize sem conductor substrates.

Pl anari zat | pNFicid PEARTHOntIdH € and nore 6 inportant as the nunbers of

| ayers used to forma sem conductor device increases. 7 Nonpl anar

substraktles show many pr dbissnseritivolreldien @ ghnefal cusenmiesnduntop detiessnimethods for

photoresi st ;8. | ayer. .formation.of a void,wthin.a filmduring fi|lm

deposi Sﬁ on, deglrg&?rl}/%sgmqngﬁtq @%ﬁ% mﬁ%"*@“‘é“@%é@%r atf WIEH"YG(%SS

| eavi ngly esdediedndpetot d@issOiethbes hy@viced QitHRRY 81 actiGhBrelgs t he _

di sadvant age of showi ng so called "dishing” 11 when polishing areas of w de

met al . IIi’speci ally in case copper is used this effect will result 12 in

nonpl angr surfaces of the substrate, leading to the difficulties nmentioned

above. 13 FIG 1 shows two situations where dishing occurs. Wthin smaller

wires 14 (A) dishing can be neglected to a certain degree, whereas for w de

wires (B) :}é shows big 15 inpact on the netal's resistance and on the

manuf actur iIP?SPVPtlﬂﬁoiﬂleﬁiéoiﬁﬁbrtance of overcom ng the various

defici gaci es noted above is 18 evidenced by the extensive technol ogi cal

devel opnent directed to the subject, as 19 docunented by the rel evant

pat ent 1&d technical [i SemitondactorThegeliabastuitennd ppmed entliyel2@rdmy e

rel evaglltg techgi cal develaﬁgments in the patent |iterature can be gl eaned by

|

consi deri ngP2 12458 2 &5H94 Y STYLIHTS ComatsesiReveaaldayess of sandustizaingulaiingiand ot s
or pill1gys. otBe thieald Gt 28LWAEERANG (8 hdlzohtaP BRiRsi i .
slots in 23 conductors to prevent gi Shtll ngzoégr {ﬁng 3%3%??561\?}&%%@%3{10%%%&
pol i sh.2124 wssEr pasra0ddfined an physicahtiesj grsvo Wy oatsc Arldymt osnsised 64edbi planand
roces 25 US 5 671, 152(Lavi.n et : hows, a nethod for generatin

ﬁegat D8 fi80ms icsimgg%ssmgﬂerﬂg@ S, ?[%hﬁ%esp%yswal cﬁemgns or Elyouts alge typically g

23 represented as computer data consisting of two dimensional shapes in a hierarchical data

24 structure that exploit the repetitive structure usually found in such circuits and packages.

25  The design or layout files are then converted into pattern generator files that are used to

26  produce patterns called masks.

27 In some cases, the action of the fabrication process is affected by the

28  design patterns being transferred to the physical materials. For example, the local pattern

1



27 US 6,319, 818b1(Stanper) shows a nmethod to add holes to netal lines 28 to

i nprove CMP pl anari zation. 2 CS02- 054 Page 3 1 US 6,094, 812(English et

‘al. ) shows a nmethod to split up nmetal lines. 2 US 5,923,563(Lavin et al.)

shows a nethod to add fill shapes. 3 US 2002/0199162A1( Ramaswany et al. )

12/ 15/ 2002 discloses a 4 nethod for a fill pattern. 5 6 US

6, 396, 158B1( Travi s) shows a nethod for designing dumy feature 7 in a mask

| ayout. 8 US 6,081, 272(Mrinoto et al.) shows a nmethod of sizing and

position 9 dummy structures. 10 Andrew B. Kahng et al., "Filling and

Slotting: Analysis and 11 Al gorithns", |SPD 98 Mnterey CA USA, pp. 95-102.

12 Fbmever,c§ﬁé§54designs, met hods and devi ce can be i nprovBagedpon. 3

CS02- 054 Page 4 1 2 Summary of the Invention 3 It is an object of

enbodi ments of present invention to provide a nmethod 4 for fabricating a

- devi ce |layoddnsiy ofiheidgsigh iat, thefagloates arda ovkr W’ﬁjcﬁ'ﬂm@&ia@(féde? sigdiiqeeli ment s of
a

present jnvention to %ov'hde a 6 structure and net hod for bricating a
n afiegtt

mask that hESEEH S ¢ shapgs gi| dEengpnepifesiivesvith dre "celirmxtinivent i on
to provige apr.| i 1 t or, devi ce
that has o) Snflrt dE 3 RAE et bR sp Rl Rl SRTEP BERSHARLRT < of

t he present locshpetteinatensity jcbemitel-medianivel (sodali@l themeth " NpslkshifedCNIPY. gt ed
ci rcui ts5 havi ng, sl qts.. 12 1t Iiacﬁ']therefore n opj ect, of enbodi ments of the
present |nv§ﬁ?%gwriﬂwf§eﬁ?6WP cigh substrates; Manarizatienyisihsceramggrors éadl awreluct or

integrated whgoRtdht & tBE n@hB&E bORYErs %éed)@%l?lg %%%&%hdﬂ&r\éﬁicg?ﬁcrg&%pi ng

probl em associated with the CMP process. 1's anot her object of the
i nventi oh t Yoprplendr debssiateh showetang grétdem hrebidsigyliffivgltids dn patianniagaghotoirastst

areas wi¢ hoyt iRcr ing the data | exi significantly. 17 18 The
enbodi rregtnt sﬂg?r’ Fﬂi’@%§$%8€%¥°1ﬁ rWﬂ’rW F@ﬁ“mS’PBW @é? dﬁg‘?‘ﬁétﬂ% am% H%O etretemaraiiing
the pl agenenlayef diginglah stdiBsRR Il in@Ssidhl pohiRNOUT heflaydp i Ntegrated circuit
20 design; the layout conprised of a plurality of conductive |ayer

represettations; 21 the Fovryss GMEB hratpe disadyantagerof ahowing sonplidds lishofg"
conducte 88 AR SRS, Sl A eI
| ayer s;124 inhenphiraudrfacsspfitlsd sistdie, 16ddenstoqh@Bifficulties mentioned above.

13 FIG. 1 shows two situations where dishing occurs. Within smaller wires

14 (A) dishing can be neglected to a certain degree, whereas for wide wires (B) it shows big

15  impact on the metal's resistance and on the manufacturability.

16

17 ‘The importance of overcoming the various deficiencies noted above is

18 evidenced by the extensive technological development directed to the subject, as

19 documented by the relevant patent and technical literature. The closest and apparently

20 more relevant technical developments in the patent literature can be gleaned by considering

21 US 5,602,423(Jain) that shows a metal line inlaid with slots or pillars.

22 US 6,403,389b1(Chang et al.) shows a method for forming slots in

23 conductors to prevent dishing during chemical-mechanical polish.

24 US 6,495,907b1(Jain et al.) shows a conductor reticulation and process.

25 US 5,671,152(Lavin et al.) shows a method for generating negative fill

26  shapes for metal lines.

27 US 6,319,818b1(Stamper) shows a method to add holes to metal lines

28  to improve CMP planarization.



26 setting a reference for the placenent of the slot representations with
27 respect to the layout; 4 CS02- 054 Page 5 1 setting the m ni num

di rensi ons of the conductive region 2 representations in which the slot
representations are placed; 3 setting the dinensions of the slot
representations; 4 setting the spacing between slot representations in
conductive |layer 5 representations; 6 setting the clearance between the
sl ot representations on adjacent 7 conductive |ayer representations; 8
setting the stagger spacing between rows of adjacent slot 9 representations
in conductive |ayer representations; 10 setting the m nimumdi stance from -
t he edge of Cb®e 0Sfiot representations 11 to the edge of the Bageductive
region representations; 12 setting the mninmm distance between the contact
via representation 13 and the slot representation. 14 A preferred

enbodi nent  of the met hod)TEUP4,BSREnLID % bEPSh&ls d Meod $h1AGpIndtaMaet,
conprised of a pl uralltijof active lTayers; 16 the active 1ayers conprised

of active regions; 17 atUy&823.5¢Hkbavinet alotshows pangtnsstorndd fil shiapescont act
f eat ure pet ween adj acen i _ rs..19 determnj . pj acenent of
square S3Pots in the Iaygjuﬁlﬁk@?qlﬁg?%ﬁo 8\3/&'%5}.' eﬁﬂgfflgﬁghggis@ 844 ng a

reference foethbthdor it pamesnh. of the square slots 22 feature with respect to
the layaqut; 23 (M5 1 ) setting the m nimum di nensions of the active regions
in which' 24 the square slots features are inserted in to a mninmmlength
of aboutg 12 um and a 25yyg phHIm VA , 5%@@ .ng
t he di nensions of the square S’P%%Eggghtu gfg&gérjéené 83{%51«2@%%11 ﬁjgigiat 5 um
5 CS0Z- (B4 Radkdayout. (MS3) setting the mni num spaci ng between the square

slots features 2 on the ' region to about 4 Vim 3 (M4) setting
the mi ni%um cl ear ance béﬁg@ﬁﬁgﬁﬁ(&%&% ekplgishoyveamysthad QrP sAnG)eRaskion
active leayesqgnhg séh@iesl Vim 5 (MSS) setting the stagger spacing between

rows of adjacent square slot 6 features in the sane active area to about 0
um 7 (I8 6) (edge excl ygidmew BsKahnget al.h&Filting and Blaliisg-atedydis amd t he edge 8

of the pauaky ol ! RS Rich R CATISR, B ob/19,201 1 ve region to about 1 um

12 However, these designs, methods and device can be improved upon.



9 (M5 7) setting the m nimum di stance between the contact via feature 10
and the square slot feature to about 1 um 11 12 Anot her exanpl e enbodi nent
is a sem conductor device conprising: 13 a plurality netal |ayers over a
"substrate; the nmetal |ayers conprised of netal areas; via 14 contacts
between the netal |ayers; square slots in the netal areas; the square slots
are 15 substantially square; 16 17 the square slots positioned as follows:
18 the square slots placed with respect to a reference point; 19 the square
slots positioned only in netal areas with di nmensions greater 20 than a

m ni rum et al area di nensions; 21 a spacing between the square slots on a
singl e et aCS@-da4 22 a stagger spacing between rows of adjPgert square
slots in the same 23 netal |ayer; 24 a clearance between the square slots
on adjacent netal layers; 25 a mninumdistance fromthe edge of the square
slots tg the edge of the 26 netal areas; 27 a mninmum di stance between the
contact via and the square slots. 28 6 CS02- 054 Page 7 1 Additional
preferréd embodi ments are set foSwmmarytofi¢helmiention This 2 sunmary does not

limt t interpretation .of the clains.. 3 ditional objects .and

advant agjgs of the invenﬁ ISﬁn\?ngleFt %%ng%duf‘gﬁf ﬁ}dﬁ’rﬁseél?{ri’{gn%t@rﬂr%‘fla%ﬁnleﬂﬁ’ld
f ol | ows,4 anfbr ifabrigatidg Aiddicdlay@i v aeksig fhathdsh@glescription, or may be 6
| earned by practice of the invention. The objects and advant ages of the

i nventi oh may be 7 real ilzié@nghi¢codftembmdiments pbpmsenbinveniéan orpsonidt at i es and
combi natg4 on ' I LNtk ed. [ he_append clains. 7 12345
678 900 %T‘%?{E‘I’ %g{hfg f%gfa%&?’ﬁ‘gfg}f% “%fthiﬁﬂﬁg' 24 25 26 27 28 CS02- 054
Brief Description of thétibaavbirgsoRagedindhieof gaidut Bieatich RPtaniigges of a
seniconggctor device a cording@to,the present invention and further details
of a prdtesErusturs apt meted for abusrting aspinionduaeitevirsvhaidias plotsdn eprrustiee wi t h
the presgentybnvention will be nore clearly understood fromthe foll ow ng
description taken in conjunction with the acconmpanyi ng drawi ngs i n which
| i ke rellerence nuneral s Idisshghpteofsmbiddanerns ofibe pespariaivengos teperide.a
. . ' : Coh: .

reglons, 1andmgt?1[)5 Itc? {ilesmgannrgaslkrs] f(mllrl&agrated circuits having slots.

12 It is therefore an object of embodiments of the present invention to

13 provide an effective method to design semiconductor integrated circuits or electronic

14 packages that solves the dishing problem associated with the CMP process.

15 It is another object of the invention to provide such a method for

16  designing slots in conductive areas without increasing the data complexity significantly.

17

18 The embodiments of the present invention provides a method for

19 determining the placement of slots representations in a layout of an integrated circuit

20 design; the layout comprised of a plurality of conductive layer representations;

21  the conductive layer representation comprised of conductive region representations;

22 atleast one the conductive region representation has a via contact representation between

23 adjacent active layers;

24 the method comprising the steps of:
25
26 setting a reference for the placement of the slot representations with

27  respect to the layout;



Figure 1 shows a cross sectional view of the dishing problemaccording to
the prior art. Figure 2 is a flow chart for a nethod for a | ayout for
positioning square slots in conductive area according to a preferred
“‘enbodi nent. Figure 3A shows a netal |layer and a generated slot prior to a
"not" operation. Figure 3B shows the netal pattern and slot after a "not
operation ". The netal l|layer is represented by a netal GDS | ayer; and the
sl ots have the same GDS | ayer, but a different data type according to a
preferred enbodi nent. Figure 4A shows a top down view of a |ayout or of a
chip having slots in conductive areas according to enbodi nents of the

i nvention. GBE10644B shows a top down view of a |ayout or oPagaschi p having
slots in conductive areas and shows dashed slots 457 that are not included.
Figure 4C shows a table of preferred slot sizes as a function of spacing
bet ween jt he odd and evegedify fleSninhudtHmShbns PG aﬂldﬁét?vﬁ%%ioﬁwcordl ng to a
preferred enbodi nent of the invention. Figure 4D shows the Spacing X and Y
i n rel atd onshiepertaionsén whichribe dborepresentativosmard pladédgur e 4C. Fi gure 5A shows

a top plan view of a twg_l.ayers.,.of a |ayout or actual .conductive areas and
slots according to a exa Péﬁ?ﬁB%ﬁ?%%ﬂﬁagﬁé Aﬁﬂ§f§§e%§ “Bage 9 1 Figure 5B
shows a4top plan view Ofsedidghh€pacg@esivéth sot héfSdehta@bnPaldedluctive pdHCE i ve
areas and slots according to a exanple enbodi nent. 3 Figure 6A shows a top
pl an vi ew OFPEsE@iangyers of a | ayout or device 4 according to a exanple
enbodi t. 5 Figures 6 ' i.onal views take

al ong 2%[1 s 6B 6 in Fi gu%gttgg t%?(sagggg(\"/elq%é@ éaeglctgé gﬁf@eﬁ%&g&é%r?&a 1&odi ment .
7 Fi gur @ 7Adnductiviedyeprepiesehtiond, a | ayout that shows an unstaggered 8

arrangeEFnt of slots according to a exanple enbodinent. 9 Figure 7B is a
top plaf view of a | ayouttingdhe SAeEEE seackiefgwrarony chadigpjiéaioht of sl ot s.

LL Fi guie GbigodhubiRfls Bl AhabEW Bfcdofel Aufa,0f a layout or metal area 12

showi ng t he arrangenent acc ng to’'a exanpl e enbodi nent. 13
Fi guresl®@A, 9B and 9C aseting desnméntumchstince ifews thefedge bishe slot e¢prebeniationsl 4

i i ial filli h I . Fi A B
?Zglr gg ![f];t%\ryﬁeg%gggg{fg# &)nducl:tlvelrggoﬁ rfgargser?ttaﬁons;l gures 94, 9B and 9C

12 setting the minimum distance between the contact via representation

13 and the slot representation.

14 A preferred embodiment of the method comprises the steps of :

15 providing a layout comprised of a plurality of active layers;

16 the active layers comprised of active regions;

17 at least one the active regions has a via contact feature between adjacent

18 active layers;

19 determining the placement of square slots in the layout by the

20 following:

21 (reference) setting a reference for the placement of the square siots

22 feature with respect to the layout;

23 (MST1) setting the minimum dimensions of the active regions in which
24 the square slots features are inserted in to a minimum length of about 12 um and a

25  minimum width of about 12 pm ;

26 (MS2 ) setting the dimensions of the square slot features are about 2 pm

27 by about 2um;



15 along axis 6B in figure 6A. 16 Figure 10 is a diagram of a conputer
system upon which an 17 enbodi nent of the invention can be inplenented. 18
9 CS02- 054 Page 10 1 2 Detail ed Description of the Preferred Enbodi nents
34 1. Overview 5 1Tn the follow ng discussion, certain conventions and
definitions will be 6 used to sinplify the description and facilitate
under st andi ng of the enbodi nents. For 7 exanple, nuch of the description

wi |l describe the placenment of symretric shaped (e.g., 8 square) slots in
conductive areas, however, it is to be understood that in sonme 9

enbodi nents of the invention, the placenent occurs mathematically on
conput er nod80% 08@ and | ayouts of | C devices rather than onPageghysi cal

nmetal line. 11 Enbodi nents of the present invention are devices, designs
and nethod 12 of determ ning the placenent of square slots in "w de" active
regions j(e. 9., metal |iResk) sdiindiHaqshRih SpAditl bithith S84k, SbRlBalg! de
selected wide netal lines, by adhering to a set 14 of guidelines

/ rul es/ $ epen thElsame agfiredegionésatmue 4gescri bed bel ow. 15 The net hod of

designing slots in active.regions reduces the conplexity 16 of sl ot

pl acerre% , and i nproves (@@ésg‘?m?%p’ﬁé?‘&%‘ﬁnﬁrwcgﬁg@%{@ sgugre slosy isaereshe
17 planai zgt iPieeRf 2. diBE .gyn, lines) and insulators by reducing
depr essi ons (ecgg.e, E:lL8 d?igﬁﬁltg%s?ﬁqt}%g’ netal areas. 19 Figure 2 shows a flow
chart outlining preferr¢MSS) eptnptheamgeedrpdiing betv2en tors ¢ff Aifdcag: ssqaeisidbt

slots in nejal ar_eaﬁ. 21 11, Term nology 22 |ayout - design of device, such
as i nt edt at SaMESS By ihe same aqtiye arcadp abatiUim; conducti ve area. The slot can be

filled with dielectric r@#segi I . CQN j ter | r. ket veoid. 25
slot region - material fi ||)n§d§‘9§’f%‘€4s?&§6&§ﬁ§%€8{ﬁ E‘JrrﬁIena-giSFaglﬁ? g(s)glntﬁ%ﬁ? S of

a slot i aoftksigarodlorfesiansteeredaBskihdasii@reldh tb BBnavige 27 square sl ot
- a substantially square slot 10 CS02- 054 Page 11 1 active layers -

represertation of conduéMSvB setipsithe Binimumediptarce tehweandhe eensmt virsfeature
| ayers, S etc to top nmetal layers in a device. Metal |ayers
19 e S ol el Payd

can be copper yer%m“4 active regions - representations
of conductive regions of a device. For exanple, can 5 represent netal

i nes, netal pads, capacitor plates, resistors, etc. 6 interconnect |ayers
or conddctive |ayer or HewHier pxarapls embpdimenhiiic somisondistbridavico noraptisings 7

circuitysel efﬁmaﬁitfﬁe%md-yg}s%%&aé S%sﬁ'icnre?fﬁietmetal layers comprised of metal areas; via
14 contacts between the metal layers; square slots in the metal areas; the square slots are

15 substantially square;

16

17 the square slots positioned as follows:

18 the square slots placed with respect to a reference point;

19 the square slots positioned only in metal areas with dimensions greater

20  than a minimum metal area dimensions;

21 a spacing between the square slots on a single metal area;

22 a stagger spacing between rows of adjacent square slots in the same

23 metal layer;

24 a clearance between the square slots on adjacent metal layers;

25 a minimum distance from the edge of the square slots to the edge of the
26  metal areas;

27 a minimum distance between the contact via and the square slots.
28



8 Ill. Slot placenent and nethod for design 9 An enbodi nent of the
invention is an nethod that produces a | ayout 10 design for an integrated
circuit or one of nore active |layers (e.g., netal layers) for the 11
integrated circuit with symetric shaped slots in wide active |ayers.
Preferred 12 enbodi nents provide for square slots in w de dual danmascene
lines. The slots reduce the 13 dishing in the active area (e.g., Cu lines)
during chem cal - mechani cal polishing (CWP). 14 A layout is conprised of a
plurality of active layers 15 A layout or representation of a I C design of
one or nore |layers of an I C 16 design is produced. The |ayout can be a
conput er da€s0z-éresentation including active 17 layer (e.gpagemetal |ayers
or netal Levels (e.g., M, M2). The active |layers are 18 representations
that correspond to designed circuitry for a sem conductor device. The 19
active lqayer can includ i i i - .| i nes),
capacitgks, 20 resistorgyﬂgﬁﬁhg@%ggkggggﬁﬁgé¢¥§ efﬂgﬁgﬁﬁ%QFﬁ%ﬁﬁéagpa

especi ald y appharyalokendtdindit tpmegmetafioofithe 2Rigs.oundr ul e t echnol ogy. (e.g.,
m nimumJine-wi dth geonetries of 0.13-mcron or 90 23 Nanoneter) ) . 24 The
enbodi ts can be used to place slots in dumry features or any 25
"inactiwe metal areas” (RidghionalbBEMs %@é’cﬁian{agfstoﬁﬁé {h@%ﬂﬁ(ﬁlswilleﬁecs)et £dAVR v er
it is possible to 26 use the enbodinents to ace slots 1n resistors,
capaci t or s, thaddsdription that §llostst draligipaittwittdg obVions frobetha desniptige,aursndycthedo SO.
11 CSQz- 054 e 12 1 e.enbodi ngnt s..coul d so be ysed. to place slots
be used i n MaeEH 09 Pifed oS ARG o AP Mk e pEmal o aulem Tt ther
technol oyi egaMéddndioBRitEatbH médnd 88 indir@eMhBAS: and BhBiBEBRY YarkibAad AYOHted S
in format of an el ectronic graphic database file 5 of |ayout shapes, such
as a CDY | ot the arngad clpifes.| ayout may be a standard |ayout 6 database file
exchange format such as GDS, GOSII, DXF, CIF, IGES, a flat file, or even a
7 proprietary database file format. However, any data file format that
defines the geonetry 8 of a |layout could be used. 9 As shown in figure 3A
the input GDSIlI data wll contain drawn active 10 areas (e.g., netal |ines
or patterns representations ) with or without drawn slots in any 11 GDSI |
nunber and data type. 12 Enbodinents (e.g., a program) will generate slots
(e.g., squares or 13 synmetric shapes) which will be used to "NOI" out
slots in that netal layer. Figure 3B 14 shows an exanple of the line and
slot after the "NOI" operation. This slotted netal wll 15 then be the
final netal used as output GDSSII file. The netal |ayer and slot can have
the 16 sane netal CGDS |layer: but different data types. For exanple, the
nmetal |ayer can be Metal 17 GDS | ayer: data type "0". The slot can be the
sane QDS | ayer; data type "8". 18 The shape of the slot is preferably
symmetric (along one or two axis) 19 8. active |ayers are conprised of
active regions 20 The active |ayers can represent conductive |ayers or

| evels (e.g., M2) 21 such as netal |ayers or levels. The active |ayers are
conprised of active regions. Active 22 regions can represent conductive

| ines (such as netal lines), pads, and devices such as 23 capacitor plates,
resistors. In a preferred enbodi nent, the active | ayer represents a netal
24 layer. 25 C. a via contact feature between adjacent active |ayers 26 At
| east one the active regions has a via contact feature between 27 adj acent
active layers. The via contact feature represents via contacts between
metal |evels. 12



CS02- 054 Page 13 1 The via contact features can represent interconnects,
such as damascene or dual damascene 2 interconnects. The via contact
feature represents via contacts between netal |evels. The via 3 contact
features can represent interconnect, such as dual danascene interconnects.
The via 4 contact features can represent to bottomvia contact portion of
dual damascene 5 interconnect. 6 D. Flow chart 7 The pl acenent of square
slots in the layout can be determ ned by 8 applying the placenent roles. A
fl omchart of an enbodinment is shown in figure 2. Aslot 9 will not be place
where all the rules can not be net. 10 E. setting a reference 11 A
reference (PBORt04is set for the placenent of the square slpig & eatures 12
with respect to the layout. For exanple, as shown in figure 4A, the
reference point 401 is 13 shown in the bottom|left corner of the |ayout
400. Figure 4A shows a top down view of a 14 representation of a |ayer
(e.g., level). Figure 4A shows netal areas and slots in the netal 15 areas
16 The éutline 400 can repr esd@rieftlescption obthedyewifiga chi p. The netal 17

areas and chip are not awn to scale. 18 19 As sho in figure 4A, the

squar e rs%d ots are orient ihg\é\gthe? %‘F‘gfl‘qev {2ge Qfﬁée%qnég‘gP’éﬁl@’écep?&F?ﬁdm@d? Hhi ch

i's, for dexappbsit invBniidi ddRaBerdetAiRf BOLRE drahtrifing EHS‘chCJ%?H%iEﬁ]H‘SEmr 21 For
a

exanpl e, Figure 4A shows the slots 404 406 orientated so t e m ni num
cl ear ance 2gevifiesh aprosdancEmithahe present firevebtion will bevohokedlearki welersodod: fremdlnt | ve

. region : : ” Likew se. Figure 4A shows. t he s| ois. 442
195 o1 &t LotlgWEl e R AR in Sribhot A I s e Rd iy TR Rh g e
bot t om &hd fefdrénceintiarra désheranedintlatdredndgdndmerel@xand kébiotshmdPoriidrltsq have

the m ni rum edge, exclusion (EE) (of 1 pro) on the bottomand | eft sides of

the 26 rfet a iglis. The mi ni num edge excl usion (EE) is the mininmum distance

fromthe slot to 27 the . ; f er _.expl anati on
below . 13 . CS02- 054 rg%‘gglgﬁ%wgﬁ%%?%cﬁ a?%ber“ééitﬁ? d#hfen%sﬂr%‘%q%‘%aarc%"rgﬂléced
410 41 20520ghe peasirt.t he m ni num edge excl usion (EE) di stance fromthe

edges of, the active are%s 40 ,448 on thgétop and right sides of the active
areas 402 440. Figure 4Bi§Wedintflg 1 pgthad forgjay et dof Rosnygwgareh e

dot t ed 15 nesis & Sorfidiidyabe ACB AR 55k Shifbiiat are not drawn because

they fall outside the netal, do not et the rules and will not be placed
F. (MS9)3 sl ots insert ed Fignrevd Aeshows almetal dgyer Tinka gynemsed sloapri@rto a¢uay’e sl ot s
are pref;erabplr% included in active regions (e.qg., netal lines) which are
| ar ger 4‘han0 #i%um di nensi ons (See figure 2, step

15

Figure 3B shows the metal pattern and slot after a “not operation “. The
16  metal layer is represented by a metal GDS layer; and the slots have the same GDS layer,
17  but a different data type according to a preferred embodiment.
18 Figure 4A shows a top down view of a layout or of a chip having slots
19 in conductive areas according to embodiments of the invention.
20 Figure 4B shows a top down view of a layout or of a chip having slots
21 inconductive areas and shows dashed slots 457 that are not included.
22 Figure 4C shows a table of preferred slot sizes as a function of spacing
23 between the odd and even layers (Y) and slot spacing *(2Y+X) according to a preferred
24 embodiment of the invention.
25 Figure 4D shows the spacing X and Y in relationship to the square slots
26  as shown in Figure 4C.
27 Figure 5A shows a top plan view of a two layers of a layout or actual

28  conductive areas and slots according to a example embodiment.

8



10 201 ). Preferably the (square) slots are included in active regions

| arger than about 12 um 11 by 12 umor 144 pnt. That is the slots are
placed in active regions with a length greater 12 than about 12 um and a

wi dth greater than about 12 um Note that nobst netal patterns are 13

rect angul ar shaped because it is easier to design |layouts. However , the
invention is 14 suitable were netal patterns that have other shapes. The
determ ning the m nimum active 15 region dinensions in accordance with
effects of dishing on the netal |ines due to chem cal 16 mechani cal
polishing. The inventors have found that the choice of the 12 umby 12 um
17 mi ni num @b0&@MSHon significantly reduces dishing probl ensPapg 9

chem cal - mechani cal 18 polishing (CWP) and reduces data processing load in
sl ot design. The slots are preferably 19 included in substantially all of
the in active regi ons Om;&;:&8] 1

i nes) which are | arger t%gn %&R?ﬁ%%k%?%gggvn(gagglfdég?ﬁegsngrgpﬁag&tgghgth%lm in
figure 4 einguetiveoucas@sd slots gscanding: tors exemplecen®odiagriton (e. g., netal area)
402 whi has a | ength %@d WIR“PLP re:%lter t han the mni mum.23 di mensi ons. 24
The slots are preferably SHaS8FIPES AoH ARG ¥t apiodayes gha Fypriideyicew 25
and resist apesrdiny fohecxamtiighbomagiieas. I n contrast, to rectangles that
have a high resistance 26 to current flow along the |onger side. The nost
preferred slot shape i s Fagiay@B. 64 6D mddiE argsrmospagrsiona viewstakelaliong exis 6Bn
enbodi ts; I i 2 other shaped slots
are fesz%ilqblg@%@éﬁ?@n@ﬁﬁ%&ﬁﬁgﬁgﬁézr?o%lgplﬂr@fc%gﬁﬁ%ﬁ‘square slots. For 3
exanpl e,7 sl ots wi th symFeguré CAshapgsplaesieacéfa layouit thdt Beowk dre@istapBciell
current flow are 4 feafi bl e. Acceptabl e shapes i1 nclude, substantrally
square 9 ot &rangpmenfof slaty gcerdingioaraapls gnkylimenthexagons, pent agons, etc.
oo 1l shapes are sYIFRRE T84 lorAlah Ol il R UEf, £0UGlord POl B
sides (or arcs) (e.g., square, hexagon, octagomn) an ave an en nunber of
7 sidesl0 8 Sngemestdpphds.sl ot s have advant ages that they can be easily
generatﬁd 9 and arrayedg_and ke trr}g file sfi ze smaller. Square slots can be
arrange 'so they are al so'@8° Pt pRRIFhYIeyo! adr lngsrs obip ket yrmetalaespposed
to rectenguiiRivigd Bt arrhRedmddk j .y ecti on agai nst

t he | onger si delfé. Square sl O?g‘ﬁ%g%%gdl%g@%ﬁﬁ%@?%g@gﬁ% rules. For 12
exanpl el3 sl ot density ndégires?A RS ek ext dressaast®nzt views ofia layood or device

distribyte din t wide 13 al .area. However, the sign rules are need
to chanted tane U8s0af BeiedalFhfe 1 98s R0 SR b afe SCoedhmal s Yntieber 16 16
G (M52b seflbhggkit BB ifliiggRons of the slot features 17 The slots are
preferably substantially square. The dinensions of the 18 square sl ot
featured are set at a Iéﬁ@&rﬁl%@tméﬁam@m@rﬂﬂmﬂmﬁnm‘ﬂhapref erably
about 19, 2 ] i -5 umand 4 umand nost preferably about
by aboull?] 2 éﬁnﬂ)@%@%ogﬁ?éel X%ng\ﬁ%%bgl@g%fngn%ﬁ preferred slot sizes as a
functi o8 of spacing 21 between the odd and even layers (Y) and slot spacing
*(2Y+X). Figure 4D shows the 22 spacing X and Y in relationship to the
square slots. 23 The depth of the square slots is preferably the thickness
of the active 24 regions or netal area which surrounds the slot. 25
Referring to figure 4, the length and width 454 456 of square slot 442 is
26 preferably about 2 um 15



12345678910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 CS02- 054
Page 16 The inventors chose this square slot dinension in conbination with
t he ot her guidelines (physical and design) based on the electrical
structures obtained. The slots are preferably a shape that has a symmetry
such that mnimzes the affect current flow. For exanple, the slots
preferably have square shapes, circular shapes, or symretric pol ygons, etc.
For exanple, rectangles with the length significantly |onger than the width
are preferred between of the effect on current flow H (MS3) setting the

m ni mum max spaci ng between the slots features Referring to figure 2, step
203, the (nCBOIMMOSANBX) spacing between the square slots feappg9 on the
sanme active region (e.g., nmetal area) is preferably between 15 umto 8 um
and nore preferably about 4 um See Figure 3C for a table of preferred

val ues. Referring to figure 4A, the spacing (SS - Slot spacing) between the
square glots features 404 406 on the sane active region (e.g., netal area)
402 is dbout 4 um |. ( Disthlledddseriptiomef tHeRrefreal Raibodanedthe square sl ots
features, on adjacent active layers to about 1 fun; Referring to figure 2,
step 204, the (m ni mum max) cl earance between the square slots features on
adj acent active layers is set to fromabout 0.5 umto 2 um and nore
preferabl y abopt 1 um . di&ies SA shows a top down view of at |east two
active layers (e.g., netal li1nes) 502 that can represent odd or even

(metal ) sdjacent |ayers Ipwesfotlowitasdiscabson, kerftaif ¥ofRnondnd ®riaticas $hll bEO M2
| ayer. The odd | ayers) have square slot features 506 508 that are spaced

apart by’ t hesed iofmupisy: theflesgintion apé facilifatg mndamstanding of thetembedimgnds. Fohave
Sl 25 51071 ZT%‘_)%&%A&%@@%fﬁie&éri@%%nﬂd&s&'{beeﬂg Blalcea}xgnrt%f sylrgmetri% s%a}g)’edd'(e.Sg.,6 78
8  square) slots in conductive areas, however, it is to be understood that in some
9  embodiments of the invention, the placement occurs mathematically on computer models
10 and layouts of IC devices rather than on a physical metal line.
11 Embodiments of the present invention are devices, designs and method
12 of determining the placement of square slots in “wide* active regions (e.g., metal lines).
13 Embodiments including square slots inside selected wide metal lines, by adhering to a set
14 of guidelines /rules/steps. There guidelines are described below.
15 The method of designing slots in active regions reduces the complexity
16  of slot placement, and improves design turnaround time. The slots can improve the
17 planarization of metal areas (e.g., lines) and insulators by reducing depressions (e.g.,
18  dishing) in the metal areas.
19 Figure 2 shows a flow chart outlining preferred steps of an embodiment

20 for placing square slots in metal areas.

2] I Terminology

22 layout — design of device, such as integrated circuit

23 slot - space in a conductive area. The slot can be filled with dielectric material or

24 conductive material or let a void.

25  slot region — material filling a slot.

26  slot feature — representation of a slot in a design of a device or mask design for the device

27  square slot — a substantially square slot
10



21 22 23 24 25 26 27 CS02- 054 Page 17 The slots 506 508 on an even | ayer
are spaced fromthe Slots 510 in the odd | ayers by the clearance SC (sl ot

cl earance) of about fromabout 0.5 Ixmto 2 pmto nore preferably about 1
wm “See figure 4C for a table of preferred values (e.g., Y). Figure 5B
further illustrate this clearance rule between slots on adjacent |ayers.
Figure 5B shows netal areas (or representations of netal areas) in three
netal |ayers 530 540 550, such as the first three netal layers (e.g., M, M
and M3; or M., M+l1l, M+2) above the substrate. Active region 530 has slots
532 534. The slots 532 534 have a slot clearance (SC) 538 539 of about 1 wm
fromthe sl 0805464(536 is the projection of slot 546 on arepade3d) on the

adj acent or neighboring (e.g., nmetal) active |ayer. For exanple the slot
cl earances 538 and 539 are at least 1 pm Active region 540 has sl ot 546.

The slotss gt%vé%a@g%avﬁggeiéﬂtgﬁo fec%ﬁ&.rf&ﬁe ingz@s Sqegﬁg. g%h%é?%gxg%%etéég%gg om

t he slot 534 532 I's the projecti 2 on
area 53@ osuchheMigMZ ent todgop metay yersiing deaigerMetablayers@apbe copper dhapt

cl earan es 48 and 549 are at least 1 pm Active region 550 has slots 552
554. Th s§¥s 18IS nave a slot clearance 553 551 of at about 1 wm from

the sl otg 54&1:1@55&0 rﬁi@ﬁregélﬁﬁtﬁﬁltsb@eomucgi’ ﬁ"i‘gs 2 devi éﬁﬁg’l‘m@%ﬁﬁ 553 are

adj acent or nei ghboring | ayer. For exanple ot c earance
at about5 I igpresent nfav@ines enetilipds, vepartitaypletes spsistoryy efoet ween rows of

adj acent re sl t f eat ures. The sta aci ng _bet ween ro of adj acent
squar e § n?é%ﬂ%? Jayefs ot Cémglé%eé@f gg Pi%ﬁ@ %éff TS5 H‘iﬂﬂnﬁ Y&rost
pr ef er aly y ahoiiteldndi ofSREnfebBidEciduitst ep 205. As shown in figure 7A, for

exanpl e, the rows and colums of square slots 704 are not staggered (e.g.,

st agger spaci nﬂ in the active area g , metal area) 17
8 L Slot placement and method Tor design

9 An embodiment of the invention is an method that produces a layout
10 design for an integrated circuit or one of more active layers (e.g., metal layers) for the
11 integrated circuit with symmetric shaped slots in wide active layers. Preferred
12 embodiments provide for square slots in wide dual damascene lines. The slots reduce the

13 dishing in the active area (e.g., Cu lines) during chemical-mechanical polishing (CMP).

14 _ A. layout is comprised of a plurality of active layers

15 A layout or representation of a IC design of one or more layers of an IC
16  designis produced. The layout can be a computer data representation including active

17 layer (e.g., metal layers or metal Levels (e.g., M1, M2). The active layers are

18  representations that correspond to designed circuitry for a semiconductor device. The

19 active layer can include portions of conductive lines (e.g., metal lines), capacitors,

20  resistors, and power supplies.

21 The embodiments are especially applicable to 0.13pm and 0.9 pm

22 groundrule technology. (e.g., minimum line-width geometries of 0.13-micron or 90

23 Namometer) ).

24 The embodiments can be used to place slots in dummy features or any
25  “inactive metal areas” (e.g., dummy areas, test structures, etc ). However it is possible to
26  use the embodiments to place slots in resistors, capacitors, and inductors, although it may

27  not be advantageous to do so. -
11



CS02- 054 1 2 3 4 Page 18 702. The setting of the stagger spacing to about
O wnresults in a sinplification of the nethod and program In contrast to
the enmbodinent in figure 7A, referring the 7B, the rows of slots 754 are
staggered in the active area 752. 5 K (M5 1li) (edge exclusion) setting the
m ni nrum di stance from6 the edge of the square slot features to the edge of
the active 7 regions 8 The m nimum di stance fromthe edge of the square
slot features to the 9 edge of the active region is about 0.5 to | .Spm and
nore preferably about 1 pm Also See 10 figure 2, step 206. 11 For exanpl e,
referring back to figure 4, the slots 404 406 have the 12 m ni num edge

excl usion (€8)2-C64 1 wr) on the bottomand left sides of thpagadabive region
13 402 (metal area). The m ni num edge exclusion (EE) is the m ni num

di stance fromthe 14 slot to the edge of the netal area. 15 As shown in
figure 4, the slots 404 YAt 4 Lhh at

| east tf}le m ni mum edge e@%l%m oﬁé#g?éﬁg§g§%§%8ﬁ§ pg%}%esg(ﬂ%]?éﬁ%eé%éé#t%e
areas 172 40@eadi(paskagingandpriredciriugtioasisdmd. othd@ tkchnpMgics)wisietvidengethénes

m ni nrum_di st ance between the contact via 19 feature and the square sl ot
feat ure 20 &4 ni num di st ance between the contact via feature and the
square 1 slot feature i Al i 2, For
exanpl e, as shown in fi gzef%%gﬁmé %a%@tg@??%ﬁﬁﬁ%@ﬁ@g&lgrl Iglﬁ?g%gn%ae in a
first didel eeftlayant shapes, sédipas SGiddikdatd stteanSl Thedlzgos baydree phralaetiayontM. 1 61 4

1995 4% Sy P Ghafings Mifuat it (0% S BL BT CndCns. £ khak. Skitne
metal area phpri@ag dafabaschiedohs! BeWEIS, dn¥ita §2 Forn Uk BeMhllBe Slomddd0 642

are placed in metal area M2 644 (e.g., netal layer or level 2, or active
regi on- B) . afitdlapeuiicauighbgivsédince 620 between the contact via feature CL2 and

(e, saugre Lot et ure ot BB bR V) GBI ven
sl ots (18L2)arédkde.g., metal lines or patterns representations ) with or without drawn slots in any

11 GDSII number and data type.

12 Embodiments (e.g., a program) will generate slots (e.g., squares or

13 symmetric shapes) which will be used to "NOT” out slots in that metal layer. Figure 3B

14 shows an example of the line and slot after the “NOT” operation. This slotted metal will

15  then be the final metal used as output GDSSII file. The metal layer and slot can have the

16  same metal GDS layer: but different data types. For example, the metal layer can be Metal

17 GDS layer: data type “0”. The slot can be the same GDS layer; data type “8”.

18 The shape of the slot is preferably symmetric (along one or two axis)
19 B. active layers are comprised of active regions
20 The active layers can represent conductive layers or levels (e.g., M2)

21 such as metal layers or levels. The active layers are comprised of active regions. Active
22  regions can represent conductive lines (such as metal lines), pads, and devices such as

23 capacitor plates, resistors. In a preferred embodiment, the active layer represents a metal

24 layer.
25 C. avia contact feature between adjacent active layers
26 At least one the active regions has a via contact feature between

27  adjacent active layers. The via contact feature represents via contacts between metal levels.
12



640 i s about 8 pm because a slot could not be positioned under the via
contact CL2. This would violate the (M57) rule. See figure 2, step 207. M
exanpl e of the square slot placenent Figure 8 shows anot her exanple of the
square sl ot placenment of the 13 enbodinment. 14 15 16 17 18 19 20 21 22 23
24 Figure 8 is a top down representation of active region (e.g., netal
area) 802 having slots 804. Slot elenents 804 are projection of slots from
an adj acent or neighboring |ayer either imrediately above or bel ow the

| ayer of the active region 802. In this exanple, the slots 803 804 are
arranged with respect to reference point 801. Reference point 80l is in the
bottom | ef t CRGrd5¢or ner of the |ayout (e.g., layout of chippge 3C). But,
for reference point 801 could be in other |ocations. For exanple, the
reference point 801 could be the bottomleft corner of a chip die. The
slots 803 h : T | :

oxampl o5 | netg oAt I A AR AR SR hARGE P (B B gt
at | east? | | ntarc@inetts.skimoiimgordas featoe r@§R&sehts vadcotitacds pnwedheel kivelsSOR: B4

h b i all ith | engths_an i dt hs of about 2 pm 19
Co02- 05t PRUMRDIFebied o Eetal i feeene Soh S dul Gruvets RERURest: e vi

perfornmed byonfitt fabREd daAFera@nPlASRITRWia @bnth&& ot EUAEE I8 AhTa&RRe DE
perforned by a prggram or % 2 al gorithlfar1 orrll gﬁpconputer. 5 6a7 869 10 11 12

O O her> entybu¢ansaets | n an enbodi nent, the placenent of the square slots
features conprises

6 D. Flow chart
7 The placement of square slots in the layout can be determined by
8  applying the placement rules. A flowchart of an embodiment is shown in figure 2. A slot
9  will not be place where all the rules can not be met.
10 E. setting a reference
11 A reference (point) is set for the placement of the square slots features

12 with respect to the layout. For example, as shown in figure 4A, the reference point 401 is
13 shown in the bottom left corner of the layout 400. Figure 4A shows a top down view of a

14 representation of a layer (e.g., level). Figure 4A shows metal areas and slots in the metal

15  areas.

16 The outline 400 can represent the outside edge of a chip. The metal

17  areas and chip are not drawn to scale.

18

19 As shown in figure 4A, the square slots are orientated in relation to the

20 reference point 401 which is, for example, in this case at the bottom left of the chip corner.
21 For example, Figure 4A shows the slots 404 406 orientated so that the minimum clearance
22 distances (EE) are to the bottom and left sides of the active region (e.g., metal area) 402.
23 Likewise, Figure 4A shows the slots 442 444 orientated so that the minimum clearance

24 distances (EE) are to the bottom and left sides of the metal area 440. For example, the

25 slots have the minimum edge exclusion (EE) (of 1 pm) on the bottom and left sides of the
26  metal areas. The minimum edge exclusion (EE) is the minimum distance from the slot to

27  the edge of the metal area. (See further explanation below).
13



addi ng square slot representations to a GDS format file that is used to
fabricate a mask used in fabricating the sem conductor integrated circuit.
The GDS format can be used to create a nmask witer specific mask file that
i's used by an e-beamtool to make a mask. In an enbodi nent, |east one of
the active regions or nmetal area has a dual damascene shape (e.g.,. See
figure 6B, 644) In an enbodi nent, the active regions represent netal |ines;
pads, and 13 via contacts. 14 15 16 17 18 19 In an enbodi nent, a

sem conduct or device can be fornmed using the nmethod of placing slots. In an
enbodi ment, masks can forned using the nethod to add slots to a | ayout. For
exanpl e, a GS2-fishe can be nodified to add slots. This nodipiged4GSD file
can be used to design and fabricate at | east a nask used to nmake the
designed device. 20 IV 21 22 23 24 25 26 27 Device and Process for formng

a slot in a netal line f LE f e ts~,SL1 a SL2
‘are pl acled in nmetal ar eggs S?k/{f’%qrggg%ﬁ; %ﬁ%tg?%eggﬁgg%aggs A lgﬁ%z%n%}]lgaépglre e
t aken aldbngmadinantdige exEigon EBAlisthaqUran G2 «lgensf the attbearar R @anal onthew of

Sl ots 2). 640 .642 i.n second netal ea (M.2) 644. The netal |ayers
pr ef er<(31 y)QPP&ﬂGgEt Jies ?\Fléq?qtlé’ﬁﬁre%géq ‘%Ong rel ati onship. Figure 6B shows

via contact CL2 connect ipg,&abal sihMelo B MLM%% bl @g;?&vgété dd lind M-1)
(614). In preferred errboll rl;ents,mmet a*o a?eas "M_1 1%ngjél\/L 12 g%ﬁ are
conpri sed o$lo3@57 tlesar-cxomplepatjsloRthdt acoppeirawsh benpase thay filledusidethe metal,
enbodi ts tal .areas M d 2.are formed by dual 2 damascene
procesggég. dopo é&eé:ﬁg]eer}lﬁaégﬁcﬁ)wgﬁ]ﬂ%ttl\%pli‘ﬁZ) is the top trench portion of a
dual 3 damascene interconnect and via contact (CL2) is the |lower trench

contact portion of Fhe 4M8HisicRmserd in'WRICHISNines

8 The symmetrical or square slots are preferably included in active

9 regions (e.g., metal lines) which are larger than minimum dimensions (See figure 2, step
10 201). Preferably the (square) slots are included in active regions larger than about 12 um
11 by 12 pm or 144 um?®. That is the slots are placed in active regions with a length greater
12 than about 12 pm and a width greater than about 12 pm. Note that most metal patterns are
13 rectangular shaped because it is easier to design layouts. However , the invention is
14 suitable were metal patterns that have other shapes. The determining the minimum active
15  region dimensions in accordance with effects of dishing on the metal lines due to chemical
16 mechanical polishing. The inventors have found that the choice of the 12 um by 12 pm
17 minimum dimension significantly reduces dishing problems by chemical-mechanical
18  polishing (CMP) and reduces data processing load in slot design. The slots are preferably
19 included in substantially all of the in active regions on a chip (or layout of a chip) (e.g.,
20  metal lines) which are larger than minimum dimensions
21 For example, as shown in figure 4A, slots 404 406 are placed in active
22 region (e.g., metal area) 402 which has a length and width greater than the minimum
23 dimensions.
24 The slots are preferably shaped to minimize the effects on current flow
25  and resistance in the conductive areas. In contrast, to rectangles that have a high resistance

26  to current flow along the longer side. The most preferred slot shape is square.

14



5 Referring to figure 6C, a nmetal area one (M1l) 614is forned in a first 6
dielectric layer 612 (DL 1 ) over a sem conductor structure 601. The
sem conductor 7 structure can conprise a sem conductor substrate or a

- substrate with insulating and 8 conductive |layers there over. The first

dielectric layer (DLI) 612 can represent any level 9 dielectric |ayer over
the structure 601. 10 Afirst netal area Ml 614 is fornmed over the first
dielectric layer 11 (DLI) 612. Preferably, the first metal area M1 is
formed using a danascene process. 12 Preferably the first nmetal area is
conprised of a copper alloy. The slots SLI and SL2 640 13 642 in the first
metal area €80P Offevent dishing during the polish process ofagelé damascene
14 process. 15 Referring to Figure 6D, a second dielectric |ayer (DL2) 650
is formed 16 over the first dielectric layer DLI . 17 The second dielectric
| ayer (OL2) is patternedyt mrerel i

Preferably the second rngltnaaiadgfr&el?ngepeni ﬁg&éﬁh% s}&%agﬁé%i%g??ﬁ;gﬁ %93%{%1\{1353%
damascerfe peiberothapdsodeta preyfepritle end the Bndwdinsdits drediot himited torddubrerséatadior ze

that there 0 ny.possi bl e photo praocesses to form.ithe opening 620. 21
A'so, 1 e sl B iR SiBindich R e ST il e BhetsHBet o tEse 22

The square fehsible. AceeRast hapaethchfledRbSEHARAY s@bﬁ‘é%lot@,%ir&ﬁﬁﬁﬂéﬂs,’}ﬂ)l%bn@i gure
6E, a second netal layer M.2 644 is fornmed over 24 the surface filling the

second net afuchpeBexsgans Rentagwns, ¢.cPrefermdyshapes asesomdetvisaldy atonyda poist, Mage i s
i | M_2 4 |
ol Tshed bacil EAPRSIeR(oNos) 6P lbre, hifeeS RO NPARnd BXE Bl o

enbodi méht ssidgguar e sl ots reduce the dishing 21 CS02- 054 Page 22 1

problemjn the w de mst%lS ar eﬁlbgcg)use the dielectric slots SL2 polish

sl over than the 2 netal “4P@g siapsd spiyhayegdyangagss tigit they can bg easilygsnargted7 18
19 20 2% 22, 28,84 d i - ] S

regi ons conprise eogn %@Fﬁgthénﬁﬁtléeﬁlgif@élﬁrh§@ﬁp%%§gg%ﬁéﬁ%ﬁ&%ﬁgb S gtéggglrég
filled Mt hindegteatiergof diue¢re clire¢toonréaseppaded td hetasigolas slognthdidlddld duednwvinbie in

material, other,.than the dielectri, terial of the ILD |ayer, The slats
Coutd £ 11 PE et ehinst F I estafemeoRsis fedyedhe newher 9islsaies rulge diar

| ayer ciul dejafiple) ¥Rt HARiG HEEERS HeRRaMel beQiust 8s {ﬁﬁ&lﬁf}nl@aﬁﬁib% R4 widene:

Figs 9A, 9B, and 9C show cross sectional views simlar to those in figs 6B
to 6E. 1§ gsmotal area d®wrsw the designomleanck pred ¢e skanghd whet henvsttotesframe il | ed

wth a terl her. than the dielectric |ayer (e.g., 950- figure 90).
Fi gure 151%\ s%%@shglggﬁ‘sﬁ?tg%o %ﬂugeesg?tls'i c layer 912 with netal area 914. Second

di el ectrac layer 950 is forned over the first dielectric |ayer 912 and
first metal area 914. An opening 921 (e.g., via opening) is fornmed in the

second dé' electric ) ) )
1 G. (MS2) setting the dimensions of the slot features

17 The slots are preferably substantially square. The dimensions of the

18  square slot features are set at a length between 0.5 um and 4 pm and most preferably about
19 2 pum and a width between 0.5 pm and 4 pm and most preferably about by about 2pm.

20 Figure 4C shows a table of preferred slot sizes as a function of spacing
21 between the odd and even layers (Y) and slot spacing *(2Y+X). Figure 4D shows the

22 spacing X and Y in relationship to the square slots.

23 The depth of the square slots is preferably the thickness of the active

24 regions or metal area which surrounds the slot.
25 Referring to figure 4, the length and width 454 456 of square slot 442 is
26 preferably about 2 pm.
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| ayer 950. Figure 9B shows square slot regions 942 and 940 fornmed over the
second dielectric layer 950. A layer can be forned over the second
dielectric layer and patterned to formslot regions 940 and 942.

- Symmetrical or ‘Square slot regions 942 and 940 can be conprised of

conductive or dielectric materials. For exanple, square slot regions 942
940 could be forned a netal with a different conposition that the
subsequently forned second netal area 944. For exanple, the netal area 944
coul d be conprised of copper and the slot regions 942 940 coul d be
conprised of AL or W The square slot regions could be conprised of a netal
mat eri al th@B0hd&s4a | ow CVP rate than the material of the sphgsaguently
formed second area 944 (see figure 9c). Also, the slot regions 942 940
coul d be conprised of a dielectric such as an oxide, FTECS or |owk
material] (K< 3.9). 22 = 4 : - 8 11 1 14
15 16 17 18 19 20 21 22 ]%q%‘ﬁfnz SElgﬁg?b%rg%“%%@%‘g‘\?gngoi&?%ﬁ‘% éﬁ"‘“ﬁ‘r%‘g 944
formed W t hotbeguauidelmko(hysing anddasign)hastd orethc e trbaDstBdRireobthiged:ont act CL2
contact§ the first netal 914.. T cond netal area 944 coul d be

S

| ayer e s
fornmed using a darrascenghﬁrsr?é%%rgpﬁ\?f%ﬁaglyt 2p% thet hasqs yRunemosugh shat educe

di shing of WemiRs Me ittt cdesht HbRNRYr dBEMe, HRKENHS pi¥rdBol %H@é% Qhdp&an be
9C. B Bs r system |%

formed over the structure shown in figure 9C. B. nput ure 10

shows a i agjrauarshapes symmetté peygosngte Ferbratnpte rectahgles wahphet lengthhat can
b dd . i t .0f the.i tion. f i tq.fi 10, th
computerd oy SPuRIRRE BRES Poshb Fid BERPrefiieq BEiverhil besBieetfrigPunl Bgvsto, a

~terminal with a nonitor 520 connected to the CPU 510 for receiving data

fromthe CPU 510 anH. a i (W8B) settimetHeenBniméRynaR’ Spabity BOMRS: fifk st he
CPU 510 for sending data_respectively to the CPU 510. A RAM ( Random Access
Menory) %540 and a DASD 5ER#tHESSci ated with the CPU are shown connected for

bi di rectd onal communi catj gn .0of data to angﬂ?irom CPU. The sl ot placing
appl i catl on can run on tHETEBRHLEEYE SydERAPD IS ERIBIREY M) SPEGRY BEBECR Y st em
possi bl yp compeskedsl k I .Sid gn’% : wor k
t he applicati oﬁ ca%gt)éefe?tﬁn%%\gﬁnéﬂffﬁ Seag{yoa'r%]?lb%e%g)brrgié' Xi si&?l%ea?rﬁ%{légﬁﬁ%?gg[@%ﬁ
| ayout Ihe hétinvto § pyneand noem pfefetablyrabouaicd unte SeaFigiied 3G frtasalilbaf pefsirdde
added by, desi.gners. These slots are generated before the square slots of
‘the enbddi mEtSare added. The "initial slots” are treated or classified as

non- actjave areas or net | t : _ | in
fig 2 are used to pl aceq%eﬁegﬂggtggge&gﬁé\fgﬁ #ﬁ%lggﬁabfsgép%gglﬁg)n%?&%% tgléd
their oMn stquaes shotslfestiired 4045406t bie thprsegpeantivddegiing a.dy a2 ges) 402 ixbosgiar e
rect ang]éu ar slots In damascene interconnect processes and especially in

u

copper al M3amascene process, the copper dishing problemis changing the
sheet resistance of the

16 1 (MS4) setting the clearance between the square slots

17 features on adjacent active layers to about 1 yum;

18 Referring to figure 2, step 204, the (minimum/max) clearance between

19 the square slots features on adjacent active layers is set to from about 0.5 pm to 2 pm and
20  more preferably about 1 um .

21 Figure SA shows a top down view of at least two active layers (e.g.,

22 metal lines) 502 that can represent odd or even (metal) adjacent layers over a substrate. For
23 example, M1 is adjacent to M2 layer. The odd layer(s) have square slot features 506 508
24 that are spaced apart by the slot spacing SS of about 4 um. The even active layers have

25  slot 510. There can be one or more odd or even layers.

16



23 CS02- 054 Page 24 1 netal lines. Due to Chem cal Mechani cal Polishing

(CWP) for copper lines netal line will 2 be thinned dowmn for wi de |ines.
The inventors have found to reduce the dishing effect, 3 slots are required
for wde metal lines. 4 Typically, foundry custoners are asked to draw

their own rectangular 5 netal slots. However, the orientation of
rectangul ar netal slots needs to follow the current 6 direction. This
causes the designers difficult to put in slots in netal lines. 7
Furthernore, during tapeout, dielectric slots in netal |ine design rules 8
checks are difficult to inplenent. It also reduces the cycle tine for

t apeout. FoES@k&pl e, 9 in case of (non-square) rectangul arPsjed?, its
orientation to direction of current flowis 10 inpossible to check. Then,
it is hard to differentiate netal slot and netal space, then 11 maxi num

'space can not be checkedhdurtd 065904 Wﬁﬁe"/én%ifétak@ﬂaacéc?fr&ﬂ%@%% IER Y Of
the invention overcone these and ot her problens 56 7910 11

12 13 12 150dddayers 1 thoclzarande 32 (52@ Qehra®eP6f DpulBoARbaQ B3 pﬁQtoSBl,tIﬁ4I035 36
37 38 39 40 CS02-.0 rogr / me s Page. 25 Bel ow | s an
exanpl e “of Igo’ﬁrﬁfﬁﬁe‘é?%bf %’Oﬁgﬁgﬁl f%lr%ﬂég‘gr &ia g@s"%’&%@i‘%ﬁ Yijugsdegn Y

embodi mgnt . This progr agy orQFa er?”ﬂ%ﬁ GQFIIS%MCQEII%%IIVJ% ﬁsﬂ;Mdﬁ c.ent

Version v8.8 6.1 Rel ease anatory coments are in
and set %ffiaWsJﬂlg@eﬁﬂdhemmwﬂ andss (@ rspetenidtishs NOmdial ayenspinathee memﬂsl ots =

(Fusebot Fus seb uset o IND MK and
VB Excl & rdg1 3?53@9%%?@ neaes QFC%R §tNE? %Jel@fef%l §-&-> R&Iﬁ@@é‘@@/l Mbc array
(odd) of7 2xRum ! petianabie BPaRRAagUM avay inside of chip's Border slot odd
= RECTANGLES 2 2 4 4 I NSIDE OF LAYER Border //Shift the generic "odd"

rect angl®s by 3 umin X@%lvsrmoreﬁl?é}hasebﬁaﬁ@@% FhosloesBa 534%HvET slok ot odd

BY 3.0, S SR s30SbPyBE el B Ségi%%rseﬁgte%%%%/ogﬁlfﬁ& n
7 bk S s e g e 1 g
= S| ZE MMop\klear@ed 518 Al i@ daropvieastupurhy 0. 1
12 Active region 540 has slot 546. The slots 532 534 have a slot clearance
13 (SC) 548 549 of at about 1 pm from the slot 534 532 (544 542 is the projection of slots
14 534 532 and 554 552 on area 530) on the adjacent or neighboring layer. For example the
15  slot clearances 548 and 549 are at least 1 um.
16 Active region 550 has slots 552 554. The slots 552 554 have a slot
17 clearance 553 551 of at about 1 um from the slot 546 (556 is the projection of slot 546 on
18  area 550) on the adjacent or neighboring layer. F dr example the slot clearances 551 553 are

19  atabout I um.

20

21 J. (MS$) setting the stagger spacing between rows of adjacent
22 square slot features

23 The stagger spacing between rows of adjacent square slot features in

24 the same active area is between 0 and 4 pum and most preferably about 0 um. See figure 2,

25  step 205.

26 As shown in figure 7A, for example, the rows and columns of square

27  slots 704 are not staggered (e.g., stagger spacing = 0) in the active area (e.g., metal area)
17



|l Generate odd slots in Mefal 1(ODD Layer Metal) widenl a = SIZE Metal 1 BY
6.0 UNDEROVER // Si ze away netal <=12um w denil = Metal 1 AND wi denl a // Get
metal >l 2um milsl otareal = SI ZE wi denll BY -1 //Keep slot l1um away from edge
nisl ot'area2 =-milslotareal NOT ( noslots OR ( k cont ORk Vial ) ) //Get
final area where slots can be generated. nilslot = slot odd I NSIDE

misl otarea2 //Use only odd rectangles inside of m1 slotarea2 Metall op =
Metall opc NOT nml slot //use mslot as cookie cutter to cut out slots in
Metal 1 25 12345678910 11 12 13 14 15 16 17 18 19 20 21 22 23 24
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 CS02- 054
/'l Cenerat ecgozl shots in Metal 2(EVEN Layer Metal) w denRa =pgleqlg Metal 2 BY
6. 0 UNDEROVER Page 26 //Size away netal <=12um wi den2 = Metal2 AND wi denRa
/1 CGet met aI >12um nsl ot areal = SIZE widen2 BY-1 //Keep slot lumaway from

7ot fimal 1 clhehre S st el apa D ufiin Semlntatistiife oe

n2sl ot arzeaZH{e{hldagn@B}dgTﬁ\{en rectangl es inside of n@slotarea2 Metal 2-op =
Met al 2_opc NOT nRsl ot //use nslot as cookie cutter to cut out slots in
Metal 2 /3 Sanme as _netal in confeast OB cwbodimgnein figute iBareferghg theNild, she3roB¥ of. 0
UNDEROVI taI 3 AN otareal =SIZE wi den8 BY-1

n8sl ot arqsa\é\glgﬁ age%ied (a"nlb’%ﬁref“?%%R ( k Via2 ORk Via3 ) )

n8sl ot =sl ot _odd I NSI DE nBsl otarea2 Metal 3_op = Metal 3_opc NOT nBslot |1

Sanme as sretal 2, useK. EVEMS ept(edgémchﬁhﬁ%eﬁiﬁQZEehﬁhﬁhﬁuﬁ‘diﬁaﬁcUNﬁﬁWER
slaotareal = SIZE wdemd BY -1 nmdslotarea?2 =

wi dend = Metal 4 AND wi de
misl ot arf®al NOT ( nosl ot g"’aetﬁgne l?f‘ﬂ’ﬁ§qwrﬁs‘(ﬂ%f$af"’)esr1‘ﬂ’sqh§te®%96fh%@€ﬂve
| NSI DE m#sl ot area2 Met al Bn§ Metal 4 opc NOT mdslot // Same as nefal 1,

uses ODD rectangl es w de SI ZE Metal 5 BY 6.0 UNDEROVER wi denb = NEt al 5
AND wi degrba nbsl ot areal He%hlﬁ%ﬁm@%cgﬁonﬂth%aé@éﬁh@ are B8 feafuRs88thdNOT (
noslots OR ( k Via4d ORk TVia ) ) nbslot = slot_od NSI DE nbsl ot ar ea2

Met al 5 db =eddetodiitls aspive N@FomBsbout 0.5 to 1.5um and more preferably about 1 pm. Also See
10 figure 2, step 206.
11 For example, referring back to figure 4, the slots 404 406 have the
12 minimum edge exclusion (EE) (of 1 um) on the bottom and left sides of the active region
13 402 (metal area). The minimum edge exclusion (EE) is the minimum distance from the
14  slot to the edge of the metal area.
15 As shown in figure 4, the slots 404 406 442 444 are spaced 410 412 444
16 452 with at least the minimum edge exclusion distance from the edges of the active areas
17 402 440 on the top and right sides.

18 L. (MS 7) setting the minimum distance between the contact via
19 feature and the square slot feature
20 The minimum distance between the contact via feature and the square

21 slot feature is about 1 um. Also, see figure 2, step 207.
22 For example, as shown in figs 6A and 6B, a first metal area 1 is formed
23 ina first dielectric layer 612. Square slots SL1 616 618 are placed in ML1 614 (e.g.,

24 metal layer or level 1, or active area 1).

18



|1 Same as nefal 2, uses EVEN rectangles widenta = SI ZE MI' BY 6. 0 UNDEROVER
[l 6th (TOP) netal wident = MI AND wi denta ntslotareal = SIZE w dent BY -1
ntslotarea2 = ntslotareal NOT ( noslots OR k TVia ) ntslot=slot_even |INSIDE
mslotarea2 MI'op = MI NOT ntslot 26  CS02- 054 Page 27 1 A preferred

- enbodi nent of the invention conprises a conputer system2 for determning a
determ ning the placenent of substantially square slots representations in
3 a layout; the layout conprised of a plurality of representations of
conductive layers; the 4 conductive |ayer representations conprised of
conductive region representations; 5 at |east one the conductive region

r epr esent at p§8ﬁsoﬁﬁs a via contact 6 representation between Bajjed®nt active
| ayers; the systemconprising 7 a neans for determ ning the placenent of
square slots representations 8 in the layout by the follow ng: 9 a neans

for settling a reference A scohdtepll aaMENt 604 istiBAnEDOWRE EheS hRtal A2a ML1 and
representatjons with res%ect to the layout; 11 a neans for setting the

m ni mum<di m¥rseegiddiglectiip daven hefl Sanae stoiyPloh64064% grecplacndan insid ares M2 6H4t he
square sj ot ¢ J.£ t re Lo 4yn; 13 a neans for setting the

di mensi ons efge’t gagg%%rdé%él%%?’ Oﬁggﬁgegéﬁﬁ)gtjl)bns , 14 a neans for setting the
spaci ng et ween the squdihe mirdmumefisteseri2atbeonsenlhe ¢dntidieiacondrctiyend ayer

representatjons; 16 a.nean setting the clearance between the square
ot ot ent oot Bt P RSl pLe Brhctuabons & Snbg Grond apre sesterably shagt 15
means fq s&lrnti ng the stagger spacing between rows of adjacent square 19

sl ot representations in the |ayer representations; 20 a nmeans for setting

the m nifum di st ance fr Rufdrting adBigs 6/ anHeSBs theatistack 6IRVetwaRASRRSBIAN ap t o
the edge, of the conductive region representation; 22 a means for setting
the mi niSun®th 18RRI HB berasse Aot eapidget by pesitianed apderdha viatdosract@H2 t Has

square g otp Hrﬁcﬁ%@ttl?et(;l\g&) %@e-;?eggglg!l%t%gg %fm.t he program above shows

exanpl es of the "neans €d°aB6vée. 26 27 Note that nost netal

patternd are rectangul ar shaped because it is easier 28 to design |ayouts.

However , the invention is suitable were netal |ines have other shapes. 27
CS02- 2@4 Page 28 I@ addi ti o}g, ifn enbodi nents where square shaped slots are
di scussed, 2 ot her ¥hap&X8IRjeoTihe squareslet plagemantcnbodi nents are not

L0 Fauare ol oS iRt APk ot b TR RS
13 embodiment.
14 Figure 8 is a top down representation of active region (e.g., metal area)
15 802 having slots 804. Slot elements 804 are projection of slots from an adjacent or
16  neighboring layer either immediately above or below the layer of the active region 802.
17 In this example, the slots 803 804 are arranged with respect to reference
18 point 801. Reference point 801 is in the bottom left hand corner of the layout (e.g., layout
19 of chip or IC). But, for reference point 801 could be in other locations. For example, the
20 reference point 801 could be the bottom left corner of a chip die.
21 The slots 803 have at least a minimum edge clearance distance 816 828.
22 Other examples include, the distances 824 826 are about 12.1 pum.
23 Distance 801 is at least 1um. Slot spacing distance 822 is about 4 um. the slots 803 804

24 have are substantially square with lengths and widths of about 2 um.
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In form ng a mask using the enbodi mrents of the invention, the active areas
and non-active areas are defined by areas of different transmttance.

(e.g., opaque or transparent areas, such as positive or negative masks). In
"~ the above description numerous specific details are set forth such as 10

di nensions, in order to provide a nore thorough understanding of the
present invention. It 11 will be obvious, however, to one skilled in the
art that the present invention may be 12 practiced w thout these details.
In other instances, well known process have not been 13 described in detail
in order to not unnecessarily obscure the present invention. 14 Unl ess
explicitly €b&2-dj4ot herwi se, each numerical value and rangepdd 29houl d be
interpreted as being approximate as if the word "about"” or "approximtely"
16 preceded the value of the value or range. 17 Wiile the invention has
been pargicularly sgown JaTIIN A : rred
enbodi nent s thereof},woit tﬁﬁ@ﬁl be Ehggf'ss%%ge %&ti&ﬁf){agﬁ;s%l'%gg%”%f{)ﬁgnart

t hat vard ous changes in @igorithmi details may be nade without departing from
the 20 spirit and scope of the invention. It is intended to cover various
nmodi fi c£ i ons and si m | dheplacamentrafdhesausreastels parobephrfaemed dnd progascope of
t he appende - Al e shoul d be 22 accorded the broadest

i nt erprg?at%%ﬁﬂl@g{%sé ?tgﬁé’&g{bnpass all such nodifications and simlar 23
arrangenents and procedures. 28 12345678910 11 12 13 14 15 16 17
18 19 20 21 22 23 2@. 25 Qhe? én2Bodidents054 Page 29 What is clained is: 1. A
met hod for determ ning the placenent of slots representations in a |ayout;
sai d | ayout conprised ofln an pinkedinient; thef plecnune bf the stzaye slotsepatese ROAPIINRS ;
sai d conductjye | ayer. represent.ation i sed.of conduciive region

repr ese%at flsdghns% nggrelSéog‘?prﬁsr?&pai’ﬁﬁj?%%m{qn{?@t il gthatis psest todabricals amaslas a
via contgactusedpr £SEBitag tB sHRWRERIM A BSERE cABhit Vel QNS FSrmak: RS H@ﬁé&g‘i’o
conprising the steps o setting a reference for the placenent of said slot
repr eserit at $16#8 avhask wrsespeeific snaskifite thalisused ket ¢-hepmn el no makuandiskrensi ons

of sai onducti ve regi n ions in.which sai.d s| ot

repr esglrg)tc ations are pl aglgal;E Q@Q&Eﬁ%ﬁ‘@ﬁt (B}erﬂgﬁlﬁ %Cﬁ%’e 57EIQ5 4 aqtgparea has a

repr eselit at dwahdamasetiid hgpé (eez.5 Baefipgrel®®, W8N sl ot representations in
conductjyve |ayer representations; setting the clearance between the sl ot
represertati ons on adj adA? cEbediment. ke petjveregiopy warasenimeipldinesarads.nand he
st aggerysspagh RgyiRgt ween rows of adjacent slot representations in conductive
| ayer representations; setting the m nimum di stance fromthe edge of said
sl ot relgresentations tolhbheeetdgdineht, aabdiooadaiet devizelcan be forhrareienkat i ons;
settingthe nﬁihni nﬁm di stf:mce bet ween said contact via representation and
said sl rapihed 8hpiasingslots  The nethod of claim 1 wherein said slots have

a substgntially square $0apPembs@ment, masks can formed using the method to add slots to a
17  layout. For example, a GSD file can be modified to add slots. This modified GSD file can

18  be used to design and fabricate at least a mask used to make the designed device.

19

20 Iv. Device and Process for forming a slot in a metal line

2] Referring to figures 6A and 6B, slots SL1 and SL2 are placed in metal
22 areas (ML1 and ML2).

23 Figures 6B, 6C, 6D and 6E are taken along axis 6B in Figure 6A.

24 Figure 6B shows a cross sectional view of Slots (SL2) 640 642 in second metal area (ML2)
25  644. The metal layers preferably arranged in a vertical overlying relationship. Figure 6B
26  shows via contact CL2 connecting metal level 2 (ML2) (644) to metal level 1 (ML1)

27 (614). In preferred embodiments, metal areas (ML1 and ML2) 614 644 are comprised of
20



12345678910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
CS02- 054 Page 30 3. The nethod of claim1 wherein said slots have a shape
selected fromthe group consisting o substantially square, substantially
‘circular, substantially hexagon, and substantially octagon. 4. The net hod
of claim1l wherein said conductive |layer representations represent
conductive layers in a sem conductor device. 5. The nmethod of claim 1l which
further includes: said slots have a shape selected fromthe group
consisting o substantially square, substantially circular, substantially
hexagon, and substantially octagon; said reference for the placenent of
said slot reggegsptations is a corner of said |ayout; settimgebhe m ni mum
di rensi ons of said conductive region representations in which said slot
representations are inserted in, to a length greater about 12 wmand a

wi dth great ceor Eff E‘liﬁﬁef ‘g;/(?dz%%riﬂt?, étQFarQasrigzﬂ%' Eﬁ/[ﬁ ar%%%xed b%}s%l-{a%l ng

represent at7 6 Y300 pm or ouf sguare

t he spa@ ngdatmeatswerpr@da:es@] Klir e&aﬁplesmbﬁd mets (M2} kehs wparenol dortioh \of aldayler
Tepresentation to about setting the.clearance hetween the sl ot

r epr esent at SBHECHI lafefcaeeffﬂt %w&&eﬁ%@% isrthe fQupsr disaeh eaniesh oKtion b din 1
Vim  setgti ngyk H&'m%%%ﬁfertﬁ%@étng bet ween rows of adjacent sl ot

representations in a single conductive region representation to about 0 pm
setting X he nini num di sRefirsng tofigurb 6Ced getad breaaind (SLd) 6t Gpfesedtiatifost t o

(e eddoe of 5k d,So00uEH NP\ SBL o0 Lepr ERCOLELln 49 AROUL LB Gt Line
represent at étﬁﬂttfr@cﬁp&hﬁpri]se RBem&@nductor substrate or a substrate with insulating and
8  conductive layers there over. The first dielectric layer (DL1) 612 can represent any level
9  dielectric layer over the structure 601.
10 A first metal area ML1 614 is formed over the first dielectric layer
11 (DL1) 612. Preferably, the first metal arca ML1 is formed using a damascene process.
12 Preferably the first metal area is comprised of a copper alloy. The slots SL1 and SL2 640
13 642 in the first metal area help prevent dishing during the polish process of the damascene
14 process.
15 Referring to Figure 6D, a second dielectric layer (DL2) 650 is formed
16  over the first dielectric layer DL1.
17 The second dielectric layer (DL2) is patterned to form a second metal
18  area opening 621. Preferably the second metal area opening 621 is formed using a dual
19  damascene photolithography process. Those skilled in art will recognize that there are
20  many possible photo processes to form the opening 620.
21 Also, the square slots (SL2) 640 642 are defined in the photo process.
22 The square slots are positioned as described above.
23 Referring to figure 6E, a second metal layer ML2 644 is formed over
24 the surface filling the second metal area opening 620. Preferably the second metal layer
25 ML2 is comprised of a copper alloy.
26 Next, the second metal layer ML2 644 is polished back to form the
27  structure shown in figures 6A and 6B. The embodiments square slots reduce the dishing

21



CS02- 054 Page 31 1 6. The nethod of claim1 which further includes
outputting the placenent of said slots 2 representations. 3 4 7. The

sem conduct or device forned using the method of claim1l. 5 8 The mask
formed using the nmethod of claim1. 6 9. The conputer data generated using
the method of claiml1l. 7 8 10. A nethod for determ ning the placenent of
substantially square slots features in a 9 |ayout of an integrated circuit
design; 10 said | ayout conprised of a plurality of active |ayers; 11 said
active layers conprised of active regions; 12 at |east one said active
regi ons has ia.contact feature between adjacent active 13 layers; 14 the
nmet hod conppsgzﬁg4the steps of 15 setting a reference for tBﬁ%ﬁ%hcenent of
said square slots feature with 16 respect to said |ayout; 17 setting the

m ni mrum di mensi ons of said active regions in which said 18 square slots

f eat ur esl ar propleacwdhe Iv@dmt:nal arga béveush the dizleiic bts SaLdosishusivaesihan the
features‘Z 20 %&ttl he spacing between the square slots features on the
same active"™2F & | ;* 22 setting the clearance between the square slots
features on adjacent active 23 layers ; 24 setting the stagger spacing

bet ween 3 ows of adj AcentfigI9A-LIEIMoeeds féﬁﬂsrwsmg $/0t$ Fé&o%t b&ﬁgir?é’e‘a oF 26

setting the m nimum di stance fromthe edge of said square slot features 27
to the eébdge of said actiQtherdgatarialsy  CS02- 054 1 2 3456 7 8 9 10 11
12 13 14,15 16 Page 32 ettln t.he m ni num di stance between said contact
via feature and said sqjﬁﬁﬁeg’l peinteah the dots pre filgdewitle metnd opictacticmaterial.

wherei n ai ¢hd Byl BQEHEdg@ﬁr%eéﬂdl%'thé 2h3nd éﬁ@{ BlcSnA0EE O AR DRIV The

determ ni ng the placenent square ots
conpri sék: db‘as:gulﬂwrfgledheth ait o1 aaVacmhmt B shot raglnﬂsaﬁﬁmptfsadbﬁﬁ@tal la%’(er ddgd
met hod n_said ?ﬁ:tl ve Elngg/ers rﬁor esent conductive |ayers

claim
in a se COWSY%&‘E:&&W é:apamty of the metal area or meta

9 Figs 94, 9B, and 9C show cross sectional views similar to those in figs
10 6B to 6E. Figs 9A to 9C show a device and process where the slots are filled with a
11 material other than the dielectric layer (e.g., 950- figure 9C).
12 Figure 9A shows a first dielectric layer 912 with metal area 914.
13 Second dielectric layer 950 is formed over the first dielectric layer 912 and first metal area
14 914,
15 An opening 921 (e.g., via opening) is formed in the second dielectric
16  layer 950.
17 Figure 9B shows square slot regions 942 and 940 formed over the
18 second dielectric layer 950. A layer can be formed over the second dielectric layer and
19  patterned to form slot regions 940 and 942.
20 Symmetrical or Square slot regions 942 and 940 can be comprised of
21  conductive or dielectric materials. For example, square slot regions 942 940 could be
22 formed a metal with a different composition that the subsequently formed second metal
23 area 944. For example, the metal area 944 could be comprised of copper and the slot
24 regions 942 940 could be comprised of Al or W. The square slot regions could be
25  comprised of a metal material that has a low CMP rate than the material of the
26  subsequently formed second area 944 (see figure 9¢). Also, the slot regions 942 940 could

27  be comprised of a dielectric such as an oxide, FTEOS or low-k material (K< 3.9).
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13. The method of claim 10 which further includes said reference for the

pl acenment of said slots is the bottomleft corner of said |ayout; setting
the m ni num di mensi ons of said active regions in which said square slots
“featuresare inserted in to a mninmumlength of about 12 wm and a m ni num
W dth of about 12 pmy setting the dinensions of said square slot features
to about 2 wn by 17 about 2pm 18 setting the spaci ng between the square
slots features on the sanme active 19 20 21 22 23 24 25 26 27 28 region to
about 4 pm setting the clearance between the square slots features on

. adj acent active layers to about 1 pm setting the stagger spacing between
rows of adj@B@&ht054quare slots in the same nmetal area to aboPdge@3wm setting
the m ni num di stance fromthe edge of said square slot features to the edge
of said active region to about 1 wm setting the mninmum di stance between

2757478 7 8 0 10 11 1550 13 o 8 R DY Y GO, PR ek BB g T
054 Pagd 33square sitecgiens ) BL. A miaroof@eiBL2 borftants therfirstmodtaldeger @4 pThe i ng

t he placenent of said s re.slots features, 15. The sem conductor device
For nad dal G CPREmEBI fi5h 04T CaiIa PR Fared taime e R PRV ISE A AAdeHEbhoq
of cl ai m 109401947 r¥figcCRdhpY 6 thé alcpal 98Mer at ed using the nmethod of clai m 10.
18. The conputer inplenented nethod perform ng the nethod of claim10. 19.

A conputder inpl enent ed delditianal oetabiyensiwith sqyarersbotptacenformedpver the
substan%iaI&MIﬁﬂyg&§v§ﬂfﬁ§ng§étures in a layout of an integrated circuit
q ayou% j

desi gn; providing a conprised of a plurality of active |ayers; said
active layers conprised of active regions; at |east one said active regions
has a vi7a contact fBat urGormpttecsystépacent active layers; the method
conprising the steps of setting a reference for the placenent of said
square $ ot features wi fHigure 10 shows a diagram of a non-limiting example embodiment of a

9  computer that can be used in an embodiment of the invention. Referring to figure 10, the
10 computer system 500 shown comprises a CPU (Central Processing Unit) 510, a terminal
11 with a monitor 520 connected to the CPU 510 for receiving data from the CPU 510 and a
12 input device (e.g., keyboard) 530 connected to the CPU 510 for sending data respectively
13 tothe CPU 510. A RAM (Random Access Memory) 540 and a DASD 550 associated with
14 the CPU are shown connected for bidirectional communication of data to and from CPU.
15 The slot placing application can run on the computer system or more than one computer
16  system possibly connected by a network. This is an example of a system and network the

17  application can be implemented on.

18 C. pre-existing initial slot in layout

19 The active layers can further include initial slots that can be added by
20 designers. These slots are generated before the square slots of the embodiment are added.
21 The “initial slots” are treated or classified as non-active areas or metal spacing and the
22 method(s) described above or in fig 2 are used to place the square slots. This enables

23 designer to add their own slots and still use the program.

24 D. disadvantages of non-square rectangular siots

25 In damascene interconnect processes and especially in copper dual

26 damascene process, the copper dishing problem is changing the sheet resistance of the
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respect to said |ayout; setting the m nimum di nensions of said active
regions in which said square slot features are inserted in to a m ni num

| engt h of about 12 ~mand a mnimum wi dth of about 12 wm; setting the

di mensi ons "of" said square slot features are about 2 Pm by about 2wm
setting the spacing between the square slot features on a single active
region to about 4 wm setting the clearance between the square sl ot
features on adjacent active layers to about 1 Vim setting the stagger
spaci ng between rows of adjacent square slot features in the sane active
area to about 0 Vim 33 CS02- 054 Page 34 1 setting the m nimum di stance
from the edg802f054ai d square slot features 2 to the edge ofPami2d active
region to about 1 pm 3 setting the m ninum di stance between said contact
via feature and said 4 square slot feature to about 1 pm 5 6 20. The

met hod of cly@iaM; e IN7 d : 3610 f i.g: : :
featur eg i angiagl 1%%? ﬂqufﬁggﬁm?%;g%?élg% %%ﬁéﬁﬁeﬁmfcﬁggﬁgéfrqgﬁég#%aﬁgﬁ%m%lg ein
sai d squar ebsthomefl davurfeswiledingsiHdicamtdntdrs faedoand to 8dage thekleshine dffedt, of
cIaiwnl% whqrein saLd(igyani slohﬁ?features represent square shapes 10 with
| engt hs “and> AW dHEIGFe HUEBOHESS0. 5 and 4pm 11 23. The method of claim
19 wherei n said active qry@mufa,rieuﬁtﬂ lciQomes aidasted B HAVARET d¢nPeARRpMAr ound
rules. 13 24. The nethod of claim19 wherein said |layout is represented by
a GSD f or matiete plets. Hawgverthe ayisnfationolsaigngwemett! slefy aceds te 1w thyengertr e
conpris Of:.aGt | . . .ot . | £S; .said | ayers are
represegfed&%§§%h¥ggé?%%éﬁhﬁgg%é%¥9é§?é§g§ﬁﬁ%31$§§5$gm hg?% represented by
a GDS | ayer nunber and fHukthtrnetat alurypeapeuih dleleck &tk th HRtaRIIRe 8ds@in fuker s
represented by a GDS_|ayer. nunber and second 19 data Hype nunber; 20 the
active |8aye?f§cmegéfﬁav%t%mlemweﬁt 8lsp geduges the scle dynerfoppeoutnforexpmplz; GDS
| ayer n e £ ] . S ..claim19
mhereinq?ﬁe&ﬁggigﬂgéégg%ﬂgﬁgaé ]%%§ﬁ§1%#s %ﬁ%ﬁ%%éﬁggﬁgﬁﬁggégﬁgggégnerating
sai d squfar einglossibleap chedinThds, dtris hardrd diffsrergiase meoigl dad andNGHtAl spped, atdnon to 24
not outlflots in said activ gﬁg%%#in a data fhle that is used to fabricate
a mask.1lo5 BEXIMYT SpAce fpmnetroechesked fge i e 4priploRt one of said active

regionspghas a dual 26 danRIGHAGInSHRPEE the ?nv%ﬁtlionTmréHf'ﬂmgsegeltqng(aélgér@}%lgems.

wherein said active regions represent netal |ines; pads,
contacts. 34
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CS02- 054 Page 35 1 28. The sem conductor device fornmed using the method of
claim19. 2 29. The mask forned using the nethod of claim19. 3 30. The
conput er data generated using the nethod of claim19. 4 5 31. A

sem conductor devi'ce conprising: 6 a plurality netal |ayers over a
substrate; said netal |layers conprised of 7 netal areas; 8 via contacts
between said netal |ayers; 9 square slots in said netal areas; 10 said
square slots are substantially square; 11 12 said square slots positioned
as follows: 13 said square slots placed with respect to a reference point;
14 said square slots positioned only in netal areas with di nensions greater
15 than a nC®2v064 et al area di mensions; 16 a spaci ng bet wepgpe9di d square
slots on a single netal area; 17 a stagger spaci ng between rows of adjacent
square slots in the sane 18 netal |ayer; 19 a clearance between said square
slots on adjacent netal |ayers; 20 a mininmumdistance fromthe edge of said
square slots to the edge of 21 said netal areas; 22 a m ni rum di stance

bet ween said contact via and said square slots. 23 24 32. The sem conduct or
device & clai¥h 31 t hat Gamputer Pcagrpmisémethads sai d reference is a corner of
said layout; said layout having a 26 rectangul ar shape; 27 said mninmum
nmetal area dinensions are a m ni mum | engt h of about 12 28 wm and a m ni num

wi dt h of, about 12 wm 3 02- Page. 36 id square,slot . di Si on
i's about 2 pm by about S}ﬁv@ a%heé&g%g:cﬁﬁ%d) rg%r?g\%é U agaé’éat’:ssg)ffsoatcgorgﬁ"gt he
same netsal foayembodindiout THis Prapiam4s bdved oh BedntdiTErapleityealibre M SORE € sl ot's
on adjacent_netal |ayers is 5 about 1 pm 6 said square s|lots having a

st agger Spa¥siignydidabdrRelenss (erlaten) ademlamatary gammesissre in ifplicpand ngrfm al

|l ayer te abguwt O wm 8 the mninmumdistance fromthe edge of said square
slots to the edge of 9 said nmetal areas is about 1 pm 10 the m ninmum

di st anceé bet ween sai d contact via and said square slots is 11 about 1 pm

9  // Get the areas where slot MUST NOT be generated.
10 noslots = (Fusebot OR Fusetop) OR (IND_MK OR MS_EXCL)
11/ Fusebot, Fusetop, IND_MK and MS_Excl are areas where metal siots are undesirable.

12

13 /Create generic array (odd) of 2x2um rectangles spaced 4um away inside of chip’s
14  Border

15 slot_odd = RECTANGLES 2 2 4 4 INSIDE OF LAYER Border

16

17  //Shift the generic “odd” rectangles by 3 um in X axis as even rectangles
18  slot_even = SHIFT slot_odd BY 30

19

20  // Get contact and via areas to exclude metal slots

21 k_cont = SIZE Contact BY 0.1 //Size contact up by 0.1

22 k_Viatl = SIZE Via1 BY 0.1 /Size viat up by 0.1

23 k_Via2 = SIZE Via2 BY 0.1 //Size via2 up by 0.1

24  k_Via3 = SIZE Via3 BY 0.1 /Size via3 up by 0.1

25 k_Via4 = SIZE Viad BY 0.1 //Size via4 up by 0.1

26 k_TVia = SIZE TopVia BY 0.1 //Size Topvia up by 0.1

27

28  // Generate odd slots in Metal1(ODD Layer Metal)

29  widem1a = SIZE Metal1 BY 6.0 UNDEROVER //Size away metal
30 <=12um

31 widem1 = Metal1 AND widem1a /Get metal >12um

32 m1slotareal = SIZE widem1 BY —1 //Keep slot 1um away from edge

33 m1slotarea2 = m1islotareal NOT ( noslots OR ( k_cont OR k_Via1)) #Get final area
34  where slots can be generated.

35 m1slot = slot_odd INSIDE m1siotarea2 //Use only odd rectangles inside of
36  mislotarea2

37 Metal1_op = Metal1_opc NOT misiot /use m1slot as cookie cutter to cut
38  out slots in Metal1

39

40
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12 13 14 33. The sem conductor device of claim 31 wherein said square slots
are conprised of 15 dielectric material or conductive material. 16 34. The
sem conduct or device of claim 31 wherein said square slots have a di nensi on
of 17 between about 1.9 and 2.1 pm 18 19 35. The sem conduct or device of
claim 31 wherein said netal areas are conprised of 20 copper alloy and have
a dual damascene shape. 21 22 36. One or nore processor readabl e storage
devi ces havi ng processor readabl e code 23 enbodi ed on said process readabl e
storage devi ces, said processor readable code 24 for programm ng one or
nore processors to performa nmethod of determning a 25 determ ning the

pl acenment ofS@dls4antially square slots representations in Ragea@gout,; 26
said | ayout conprised of a plurality of representations of conductive

| ayers; 27 said conductive |ayer representations conprised of conductive

region 28 T2BeneRk Bl Ysts i erar2(EVEN Daferiaéie) ST 1 at | east one said
conduct ive T gAdalLOIZENMHA BPBD DRBEROUER CONt act rogresenl alhHR=2oum
bet ween jadj agRighacthtsiz S hitiem2at Ne Met hod cosphshngd pe steps o 4
settinga refekpitsaf 2612ERidhBEyENt Oof said ﬁl@éb%ﬁotsﬂumaﬂrﬁpfr&?%@ ations 5
W th respect nbRiobibsh £ ARktare® REFT( MGIIGRTIIV ﬁ'k”@@é'ﬁ oS inaPhda
conduct igve et Qs cArBi §SRIFARYEI Ons 1 n which Said square slot

represent at i apg|oRE §iok|AER INSIPESRbAIbREkANE di ”‘Wf.?é&&ﬁy@@er??écf%y@%%ﬁdé&fot
represery at j,088¢area2 S€tting the spacing between the square sl ot _
represent at | Riagas Do MR Spd NCPORGNEE | Ve | ayey, dens8seitd kieuttdrio 6E 11 N0
the cl eqyr angg shed Wagskaiohe square sl ot representations on adj acent
conductjjve | ayerrepresentations; 13 setting the stagger spacing between
rows ofjpadj acent square slot 14 representations in a single conductive

regi on 1epr28gpledld MBialf use8ONM fedtBfg/EL Ni mum di stance fromthe edge of
sai d square gldeknsht: SER AsE B 6 UNBERRR/MIue of said conductive region
represent ati Rjemb’ =SwdthizND ARy num di st ance between said contact via
represenfati %S%%r@ﬁ= ' Wm;gmg{ ot representation. 19 37. The storage
devi ce of ¢! fialogiredtL FibsIMIbAPNOTIGIIIRSORY 15 91dh ERTEURRAY Tor the

pl aceneryt of 13Rjot= SA¥ YA IREME FRRILESEY ations s a 217corner

| ayout ;1922 Sﬁfeidlé‘%pt:hﬁef?@'oﬁb”ﬂ pBgst ons of said conductive region 23
represepfations Im which said square slot representations are inserted in
to a myi g3k Igﬂ,%{},,@fus@ @ifEAﬁ?ec?éﬂ a mni mumw dth of about 12 | xm;
25 set tgong t%eﬁidél’—-nélz@”ﬁeﬁi A @ﬂng\@FQt representations to about 2 pm
26 by ahout ZwEnaZ pa&hia! AMD WhensAacl ng between the square sl ot

represent at i gRsled Ne STAT R AUCt | ve region representation to about 4
Ixm; 345 m4slotarea2 = m4slotarea’ NOT ( noslots OR ( k_Via3 OR k_Via4 ))

of said

26 méslot = slot_even INSIDE mdslotarea2
27 Metal4_op = Metald_opc NOT md4slot
28

29

30 // Same as metal1, uses ODD rectangles

31 widemba = SIZE Metal5 BY 6.0 UNDEROVER

32 widemS = Metal5 AND widemba

33 mbslotareatl = SIZE widem5 BY -1

34 mb5slotarea2 = mbslotareal NOT ( noslots OR ( k_Viad OR k_TVia ) }
35 mbslot = slot_odd INSIDE m5slotarea2

36 Metal5_op = Metal5_opc NOT m5slot

37

38

39 //Same as metal2, uses EVEN rectangles

40 widemta = SIZE MT BY 6.0 UNDEROVER /f 6th (TOP) metal

41 widemt = MT AND widemta
42 mtslotareai = SIZE widemt BY -1 ‘
43 mtslotarea2 = mislotareal NOT ( noslots OR k_TVia )

44 mtslot = slot_even INSIDE mislotarea2
45 MT_op = MT NOT mtslot
46

26



CS02- 054 Page 38 1 setting the clearance between the square sl ot
representations on adjacent 2 conductive | ayers representations to about 1
Vim 3 setting the stagger spaci ng between rows of adjacent square slot 4
representations in said conductive |ayer representations to about 0 Vim 5
setting the m nimum di stance fromthe edge of said square slot 6
representation to the edge of said conductive region representations to
about 1 Ixm 7 setting the m nimum di stance between said contact via
representation 8 and said square slot representation to about 1 pm 9 10
38. The storage device of claim36 which further includes outputting the

pl acement o€S&Ri0I411 square slots representations. 12 13 39agh2g0onput er
system for determ ning a determ ning the placenent of substantially 14
square slots representations in a |ayout; said | ayout conprised of a

lural ity of 15 representat.] ' | ' id.C [ | ayer
lroepresenl%/ati ons 16pcorrp?} @[g%? eg%)r?gﬁlg%le\%{h\régré‘(%ﬁ&ﬁ g%lPéIggéegtaé:t% ﬁ%ﬁg& S‘\ést?eqle;st
one sai @ cofeddettimigink7 detgriinng Eprsenteat bsubstantally squarecund Rptesentations in

representation be en adjacent, active, 18 | ayers; the system conprising 19
20 a neans ?%V Oﬂe{féﬁﬁoﬁf H@wadﬁ?ﬁé’é}‘?@w Oéfepéﬁftﬁﬁ‘ia@o%ﬁ 8t ondupli s yemt i BRs 21
in said4 ay@siuWwellRr Qirésfémaﬂ&%s 3&nﬁri§9€%§oﬁcﬂfcti§@Pe{g?lﬁgregreﬁéftﬁ(ﬁl@,ce for the

pl acenent of said square slot 23 representations W espect to said
| ayout; 24 a neans for stleastoge theeconlnitive reglommpsisontstiads lmaadicomiaett i ve

region represent at,i ons in.which.sajd square s|lot representations are
i nsertec??5 i nr;%B]fée Eﬂf?éla gw?e&a%éagwtiaﬁavq ]r?é‘erai ﬁiﬁ%’?@ﬁ’sco&?prgﬁ}gd square sl ot
represertations ; 27 a pgadss f@detshtdiRgieMacs PRl ST9sRBLNEAS 1 ﬂi‘@seﬁt%g@ﬁse

slot representations 28 in said conductive | ayer representations;
CS02- 034 Padhe Byout by thefodowing: 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

“epr osert ati ons on at; adRrTLERaarPSa iy RRURY Bfestienl PR MR A" 5

set ti ngl(t herepteagastions path espebeioweenyb@yns of adj acent square sl ot
representations in said |layer representations; a neans for setting the
mi ni nunldi st ance from t iemEdgoDICtEng e ayuigien dingnsionp pEthespaductine regierhe

edge ofjpsali Qg&@é}ﬁ%ﬁbtnisYr‘?wﬁf'cﬂi%@%@%%%@qﬁgéén?ﬂfongﬁweﬁ(?1{- setting the

m ni rum di stance between sai representati on dnd said square
sl ot reld¥resentation. a means for setting the dimensions of the square slot representations ;
14 a means for setting the spacing between the square slot representations

15  inthe conductive layer representations;

16 a means for setting the clearance between the square slot representations
17  onadjacent conductive layer representations;

18 a means for setting the stagger spacing between rows of adjacent square
19 slot representations in the layer representations;

20 a means for setting the minimum distance from the edge of the square
21  slot representation to the edge of the conductive region representation;

22 a means for setting the minimum distance between the contact via

23 representation and the square slot representation.

24 The listing of the program above shows examples of the “means for”
25  described above.

26

27 Note that most metal patterns are rectangular shaped because it is easier

28  to design layouts. However , the invention is suitable were metal lines have other shapes.

27



40. The conputer system of claim 39 wherein: said neans for determ ning the
pl acenment of square slots representations in said |layout further includes:
said reference for the placenent of said square slot representations is a
“corner of said layout; said neans for setting the m ni num di mensi ons of
sai d conductive region representations in which said square sl ot
representations are inserted in to a length greater than about 12 wm and a
wi dth greater than about 12 wn; said neans for setting the dinmensions of
said square slot representations to about 2 | xm by about 2pm said neans
for setting the spacing between the square slot representations on the
conductive Cafrrosdepresentations to about 4 pm said nmeans pge2getting the
cl earance between the square slot representations on adjacent conductive

| ayers representations to about 1 wm said nmeans for setting the stagger
spaci ng {pet ween rows of fAEeNt : e j '8 i ngl e
conductilve regi on represhzggd'tkgﬁ|&?i?1n'E'Ss %‘lﬂg@%ﬁ {Sg{llberﬁ’? Ec@;%feds"h %E%cﬁ%bt?%?e %lg utglse?g t he
m ni mum2i sothercshapedoiots hee fealjide ahd geiethtadimems sk abt hsjted sesfuate sbits.tFort he
‘edge of said conductive region. representation to about wnt 39 CS02- 054
Page 40 La %awé%%f%wﬂgéﬁfrﬁmﬁgwt PG FRPRTIAN BN aﬁt{%ﬂw&ﬁ&ﬂe@t&w #8nt act
via 2 repregggpati on and said square slot representation to about 1 wm 41.
The system of claim 39 which further includes a neans for outputting the

pl acenert of said squar én$irotisg 2 spskeseng ticicortmdiméts of the invention, the active

I'=l'=gl =l =1=] =] =00/ =I =/ =0/ =0/ =0/ =0 =0 :yg/ =0/ :f/ .:f}L/ :q/ =/ =L/ =/ =/ =/ =0/ =0/ =0/ =0/
=/ =) =) =) = EFS &L /ngln-:a/:‘g}ﬁ UFA A& &%}@ﬁﬁ{ﬁ “ggen; of differenttransmittance. (e.g., opaque or
SSWEIRA 7B %4 satahater] fadsCalchab padifid stlepalivahsaktal cal ca] ca] ca ca] ca] ca ca] ca

]ca] ca]ca] calca]cal calca]ca]calcaljcalcalcal /U WWBRMN*" /" 2" """ _)))*@***o++
+.,,,-<%--.8.}xsnid_Z]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]lca]ca]ca]ca]calc

Ao g o e o ool TR ARL FALAP SR GRLSE Secire RERYRLATRRALLL{ 16599
10 dimensions, in order to provide a more thorough understanding of the present invention. It
11 will be obvious, however, to one skilled in the art that the present invention may be
12 practiced without these details. In other instances, well known process have not been
13 described in detail in order to not unnecessarily obscure the present invention.

14 Unless explicitly stated otherwise, each numerical value and range

15 should be interpreted as being approximate as if the word “about” or “approximately”
16  preceded the value of the value or range.

17 While the invention has been particularly shown and described with

18  reference to the preferred embodiments thereof, it will be understood by those skilled in
19 the art that various changes in form and details may be made without departing from the
20 spirit and scope of the invention. It is intended to cover various modifications and similar
21 arrangements and procedures, and the scope of the appended claims therefore should be
22 accorded the broadest interpretation so as to encompass all such modifications and similar

23 arrangements and procedures.
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UV] ca] ca] ca] ca] ca] ca] ca

WV] ca] ca] caU] ca] ca] ca] ca] ca] ca] caU] ca] ca] cal] ca] caU] ca] ca] ca] ca]ca]ca]ca]ca
GCGEGEHHH JJJ] JJJIJIKVKNLWLLLOP PPZPPP) QQQQ xsni d_ZSni
“UV]caJca]ca]ca]calcalca] ca]lca]ca]ca]ca]ca]ca]calca]caV]ca]ca]ca]calca

UV] caV] ca] ca] ca] ca] ca WV]cal]ca UWV] cal] ca

QQQ RzR6 SVAWNNWNKXZS$Z\\ b\ K\ s\\ P_V_b_z E " aaa} xsnid]Wi UWV] Ul ca

UV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a]J ca] ca] ca] cal ca UWV] calU] ca aabobbckcoccccccd{dddee! f' fzf]fofyfff

gugghl hh~yt oj e" [ Vni

UV] ] ca] ca] c@p@aldd4] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cBdge@9UV] cal] ca
UV] calU] ca UV]ca] ca]ca] calca]calcaV]ca hh*iiiiQjjkukkk

1 31 xI'I'l mmmmmmSnnnnnnn} xsnf ™ YSni V] ca WV] cal] ca
-WV] caV] ga] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca UV]cal] ca

WV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

nnnoooqdqqr us{ ssssssxt t uu[ uuuuvUvdvgvvv{uni d_ZUnf  YSni V] ] ca] ca] ca] ca] ca
. W] ca calcal calcal ca] ca] ca] ca]ca]ca] calcalcalca UV]ca]lca W] ca]calca
v cavl &) Chrebbefiel el cal cal cal
W] cavivg waky by ypihad Zasdeket g tHelphdetehl ofsidtS tpydbaation ivhliglduel cal ca] ca]
ca) ca] ca] ca] ca] ca]ca] ca UV]ca] ca] cal ca call ca )

W] ca] ca% ca] ca] c%@}ctlaly@w‘:@a]p@aqcb@% Q:@l}ltﬁél})g‘\a{ll] qadogtive daygr regresentatipn; d

+| wr ke™ Zni c c c . . . .

Ul\/] calca c?a/{ La} (L:Jgéjf (g%ﬁ%?z% tg\ge] lgxéﬁrg%ﬁrgsae]“%agf%gfrggﬁlséeé]]ocfzﬂ) 13%1]%15 6%%1%%1] ca] cal ca] ca
] ca] ca] cia] ca] ca repre@akons#&kB} xsni d] Xni V] ] c] ca

8 at least one said conductive region representation has a via contact representatioh
9 between adjacent active layers;

10 the method comprising the steps of®

11

12 setting a reference for the placement of said slot representations with

13 respect to said layout;

14 setting the minimum dimensions of said conductive region

15  representations in which said slot representations are placed;

16 setting the dimensions of said slot representations;

17 setting the spacing between slot representations in conductive layer
18  representations;

19 setting the clearance between the slot representations on adjacent

20 conductive layer representations;

21 setting the stagger spacing between rows of adjacent slot

22 representations in conductive layer representations;

23 setting the minimum distance from the edge of said slot representations
24 to the edge of said conductive region representations;

25 setting the minimum distance between said contact via representation
26  and said slot representation.

27

28 2. The method of claim 1 wherein said slots have a substantially square shape.
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UV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
calca]calca W] calU ca Wca

9HNX" #/ O<BNxsmhb] Whi d] Xni V] ] V] ca] caV] ca] cal] ca] ca

W] calU] ca WV] ca] caNXe*-=_bv- P*| vgkf " [ UNmh

WV] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] cal ca UV] cal] ca
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& ()--9910% & dh: - 9910% & () --9$1094 A&’ () --9310% & ()--9$10% y& () - - MOPQRco
~\:1$10%- 1- 2,1%$10%q19& ()-,! $10%eFe& ()-,z10% & ()- 10} 10}
10} <7: 134 & ()-0" said reference for the placement of said slot representations is a corner

11 of said layout;

12 setting the minimum dimensions of said conductive region

13 representations in which said siot representations are inserted in, to a length greater about
14 12 pm and a width greater than about 12 um;

15 setting the dimensions of said slot representations to about 2 pm by

16  about 2um or about 4 square um;

17 setting the spacing between the slot representations on the same

18  conductive layer representation to about 4 pm ;

19 setting the clearance between the slot representations on adjacent

20 conductive layers representations to about 1 pm;

21 setting the stagger spacing between rows of adjacent slot

22 representations in a single conductive region representation to about 0 pm;

23 setting the minimum distance from the edge of said slot representation
24 to the edge of said conductive region representation to about 1 pum;

25 setting the minimum distance between said contact via representation

26  and said slot representation to about 1 um.
27
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6 9. The computer data generated using the method of claim 1.

7
8 '10. A method for determining the placement of substantially square slots features in a
9 layout of an integrated circuit design;

10 said layout comprised of a plurality of active layers;

11 said active layers comprised of active regions;

12 at least one said active regions has a via contact feature between adjacent active
13 layers;

14 the method comprising the steps of :

15 setting a reference for the placement of said square slots feature with
16 respect to said layout;

17 setting the minimum dimensions of said active regions in which said

18  square slots features are placed;
19 setting the dimensions of said square slot features;
20 setting the spacing between the square slots features on the same active

21  region;

22 setting the clearance between the square slots features on adjacent active
23 layers;
24 setting the stagger spacing between rows of adjacent square slots

25  features in said active layers;

26 setting the minimum distance from the edge of said square slot features

27  tothe edge of said active region;
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4 11. The method of claim 10 wherein said layout comprises initial slots that are added
5 before the determining the placement of the square slots;
6 the method further comprises: classifying the initial slots as non-active
7  areas.
8  12. The method of claim 10 wherein said active layers represent conductive layers in a
9 semiconductor device.
10 13. The method of claim 10 which further includes
11 said reference for the placement of said slots is the bottom left corner of
12 said layout;
13 setting the minimum dimensions of said active regions in which said
14 square slots features are inserted in to a minimum length of about 12 um and a minimum
15  width of about 12 pum;
16 setting the dimensions of said square slot features to about 2 um by
17  about 2um;
18 setting the spacing between the square slots features on the same active
19  region to about 4 pm;
20 setting the clearance between the square slots features on adjacent active
21 layers to about 1 um;
22 setting the stagger spacing between rows of adjacent square slots in the
23 same metal area to about 0 pum;
24 setting the minimum distance from the edge of said square slot features
25 to the edge of said active region to about 1 pum;
26 setting the minimum distance between said contact via feature and said

27  square slot feature to about 1 pm.
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1 14. The method of claim 10 which further includes outputting the placement of said square

2 slots features.

3 15. The semiconductor device formed using the method of claim 10.

4 16. The mask formed using the method of claim 10.

5 17. The computer data generated using the method of claim 10.

6  18. The computer implemented method performing the method of claim 10.

; :

8 19. A computer implemented method for determining the placement of substantially

9 square slots features in a layout of an integrated circuit design;
10 providing a layout comprised of a plurality of active layers;
11 said active layers comprised of active regions;
12 at least one said active regions has a via contact feature between adjacent active
13 layers;
14 the method comprising the steps of :
15 setting a reference for the placement of said square slot features with
16  respect to said layout;
17 setting the minimum dimensions of said active regions in which said
18  square slot features are inserted in to a minimum length of about 12 pm and a minimum
19 width of about 12 um ;
20 setting the dimensions of said square slot features are about 2 pm by
21 about 2pm;
22 setting the spacing between the square slot features on a single active
23 region to about 4 um;
24 setting the clearance between the square slot features on adjacent active
25  layers to about 1 pm;
26 setting the stagger spacing between rows of adjacent square slot features
27  inthe same active area to about 0 um;
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1 setting the minimum distance from the edge of said square slot features
2 tothe edge of said active region to about 1 pm;
3 setting the minimum distance between said contact via feature and said
4 square slot feature to about 1 um.
5
6 20. The method of claim 19 said reference for the placement of said square slot features is
7 a corner of said layout.
8  21. The method of claim 19 wherein said square slot features are substantially square.
9 22. The method of claim 19 wherein said square slots features represent square shapes
10 with lengths and widths of between about 0.5 and 4pm.
11 23. The method of claim 19 wherein said active areas are defined using 0.13 pm and
12 0.09um ground rules.
13 24. The method of claim 19 wherein said layout is represented by a GSD format file; said
14 layout is comprised of layers; said layers are comprised of active layers and square
15 slot layers;
16 said layers are represented by a GDS layer number; said active layers
17  are represented by a GDS layer number and first data type number;
18 said square slot layers represented by a GDS layer number and second
19  data type number;
20 the active layers and square slot layers in the same layer have the same
21 GDS layer number but different data types number.
22 25. The method of claim 19 wherein the placement of the square slots features comprises:
23 generating said square slot representations; and using a logical “NOT” operation to
24 not out slots in said active layer in a data file that is used to fabricate a mask.
25  26. The method of claim 19 wherein at least one of said active regions has a dual
26 damascene shape.
27 27. The method of claim 19 wherein said active regions represent metal lines; pads, and
28 via contacts.
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5 31. A semiconductor device comprising:

a plurality metal layers over a substrate; said metal layers comprised of

6

7  metal areas;
8 via contacts between said metal layers;
9

square slots in said metal areas;

10 said square slots are substantially square;

11

12 said square slots positioned as follows:

13 sald square slots placed with respect to a reference point;

14 said square slots positioned only in metal areas with dimensions greater

15  than a minimum metal area dimensions;

16 a spacing between said square slots on a single metal area;

17 a stagger spacing between rows of adjacent square slots in the same
18  metal layer;

19 a clearance between said square slots on adjacent metal layers;

20 a minimum distance from the edge of said square slots to the edge of
21 said metal areas;

22 a minimum distance between said contact via and said square slots.
23

24 32. The semiconductor device of claim 31 that further comprises :

25 said reference is a corner of said layout; said layout having a

26 rectangular shape;

27 said minimum metal area dimensions are a minimum length of about 12

28  pm and a minimum width of about 12 pm;
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$!110% &q) - #V10% & () - i ! th@Wikinfum Sistance frodFlBCedge of said square slots to the edge of
9  said metal areas is about 1 pm;
10 the minimum distance between said contact via and said square slots is
11 about 1 pm.
12
13
14 33. The semiconductor device of claim 31 wherein said square slots are comprised of
15 dielectric material or conductive material.

16  34. The semiconductor device of claim 31 wherein said square slots have a dimension of

17 between about 1.9 and 2.1 pm.

18

19 35. The semiconductor device of claim 31 wherein said metal areas are comprised of
20 copper alloy and have a dual damascene shape.

21

22 36. One or more processor readable storage devices having processor readable code

23 embodied on said process readable storage devices, said processor readable code
24 for programming one or more processors to perform a method of determining a
25 determining the placement of substantially square slots representations in a layout;
26 said layout comprised of a plurality of representations of conductive layers;

27 said conductive layer representations comprised of conductive region

28 representations;
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1" #/ xnb & setting a reference for the placement of said square slot representations
5  with respect to said layout;
6 setting the minimum dimensions of said conductive region
7 representations in which said square slot representations are placed;
8 setting the dimensions of said square slot representations ;
9 setting the spacing between the square slot representations in a single
10 conductive layer representation;
11 setting the clearance between the square slot representations on adjacent
12 conductive layer representations;
13 setting the stagger spacing between rows of adjacent square slot
14 representations in a single conductive region representation;
15 setting the minimum distance from the edge of said square slot
16  representation to the edge of said conductive region representation;
17 setting the minimum distance between said contact via representation
18  and said square slot representation.
19 37. The storage device of claim 36 which further includes
20 said reference for the placement of said square slot representations is a
21 corner of said layout;
22 setting the minimum dimensions of said conductive region
23 representations in which said square slot representations are inserted in to a minimum
24 length of about 12 pum and a minimum width of about 12 pm ;
25 setting the dimensions of said square slot representations to about 2 pm
26 by about 2um;
27 setting the spacing between the square slot representations on the same

28  conductive region representation to about 4 pum ;
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$10%! 815( )-) $]1%}4ﬁ§§‘1t£t on)s of%%)gme (l)aygrs, said conductive layer representations

16 comprised of conductive region representations;  at least one said conductive
17 region representations has a via contact representation between adjacent active

18 layers; the system comprising :

19

20 a means for determining the placement of square slots representations

21  insaid layout by the following:

22 a means for setting a reference for the placement of said square slot

23 representations with respect to said layout;

24 a means for setting the minimum dimensions of said conductive region
25  representations in which said square slot representations are inserted in;

26 a means for setting the dimensions of said square slot representations ;
27 a means for setting the spacing between the square slot representations

28  in said conductive layer representations;
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20 sald means for setting the spacing between the square slot
21  representations on the conductive layer representations to about 4 pm;
22 said means for setting the clearance between the square slot
23 representations on adjacent conductive layers representations to about I um;
24 said means for setting the stagger spacing between rows of adjacent
25 square slot r representations in a single conductive region representation to about 0 pm;
26 said means for setting the minimum distance from the edge of said
27 square slot representation to the edge of said conductive region representation to about 1
28  um;
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said means for setting the minimum distance between said contact via

representation and said square slot representation to about 1 um.

41. The system of claim 39 Wwhich further includes a means for outputting the placement of

said square slots representations,

S R W N =
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