DEVI CE, DESI GN AND METHOD FOR A SLOT I N A CONDUCTI VE AREA Background of
Invention 1) Field of the Invention This invention relates in general to
sem conduct or devices, nethods for designing sem conductor devices, nasks
and mask designs, and nore particularly, to sem conductor designs, nethods
and devices wth slots in active areas. 2) Description of the Prior Art

Sem conductor integrated circuits and printed circuit electronic packages
are generally structures conprised of several |ayers of conducting,
insulating and other materials that are structured in the horizontal

di rension by fabrication processes that transfer patterns defined in

physi cal designs or layouts. A |ayout consists of a set of planar

geonetric shapes in several |ayers. These physical designs or |ayouts are
typically represented as conputer data consisting of two di nensional shapes
in a hierarchical data structure that exploit the repetitive structure

are thon coRAd NG AR HBIRIC S oL Y LEUNUETIVRBES i

patterns called nasks. In sonme cases, the action of the fabrication process
is affected by the design patterns being transferred to the physical
materials. For exanple, the local pattern 1 density of the design, i.e.,

the fraction of area over whic i al 1 sited (or renoved) can
af fect the shapes and dinensio%%a§$8§%§?ﬂp§§?ﬁ§ﬁth-the "locality extent”

dependent on the specific fabrication process. A special process that may
be affected by |ocal pattern density is chem cal -nmechanical (so called
"chenechl) K¢piodthelpveetiy . ovP is used to planarize semi conduct or

substrates. Planari Zaf“(jﬂi?ﬂw%ﬁti&ﬁ%%sqg g@Rﬁf{gl BmIRhGuctb RALEMheBSdL AF
ed to 0 npl

nunbers of |ayers us orma sem conductor device increases. anar
subst r at desigliogwarainynducab ldenised, nelkskdamignalikf desigus,tand sndre ppaiictierin tog a

hot or esi st. . . i . :
P semiconductor designs, methods and devices with slots in active areas.

2} Description of the Prior Art

Semiconductor integrated circuits and printed circuit electronic
packages are generally structures comprised of several layers of conducting, insulating and
other materials that are structured in the horizontal dimension by fabrication processes that
transfer patterns defined in physical designs or layouts. A layout consists of a set of planar
geometric shapes in several layers. These physical designs or layouts are typically
represented as computer data consisting of two dimensional shapes in a hierarchical data
structure that exploit the repetitive structure usually found in such circuits and packages.
The design or layout files are then converted into pattern generator files that are used to
produce patterns called masks.

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

design patterns being transferred to the physical materials. For example, the local pattern
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| ayer, formation of a void within a filmduring filmdeposition, and

i nconpl ete renoval of a |ayer during an etch process | eaving residual
portions of the |ayer. However, CMP has the di sadvantage of show ng so
call ed "dishing" when polishing areas of wide netal. Especially in case
copper is used this effect will result in nonplanar surfaces of the
substrate, leading to the difficulties nentioned above. FIG 1 shows two
situations where dishing occurs. Wthin smaller wires (A) dishing can be
neglected to a certain degree, whereas for wide wires (B) it shows big

i npact anr{sﬂ? ofBleesin! &S| tﬁE %E@or?@ldar%?\w" WS HTBMMARALIUS ﬁ@ﬁ»dsﬁt&d’ (orThe

i nportance of overco ng t he vari ous I ciencles noted above'I1s evidenced
by the emmmnsdyQHMéﬁhnﬁﬁ@bﬂﬁahndémahmmm&nfﬁﬂhnen&&ﬁih©ﬂbhén$abpﬂﬁt as

docunent t el ev nt and t chnlc literature. e ¢l osest and
apparentg?mnﬁﬁFQHF ¢ &S Fi?@E B &Gy E?%m?ﬁ Eﬁ&“ﬁi?é%g ﬁﬁ@@rature
can be gl&amemd&@nﬁis%em%l rﬁe‘:%hén@ﬁ%scﬂr?a@{@d %H&n&ﬁ%tpoﬁﬁﬁﬂ@ (@M@t@l/ﬂ" ine
infaid with slots or | ars. US 6, 403, 389b1(Chang et 'al.) shows a net hod

f or for misngedtoplgndrire semw@udmm@mbsirmsei?&mmmt@mmgecv;iunngwglore and more

h | i UsS 6, 4 07b1(J duct
ol b nieane B oBobs bR e 1 B3R R Rl Gt od For
generati Mrlﬁlﬁﬁéftsbﬁﬁraftés| showShaBasobems rm@dmg urfﬁtsultléé&n@aaé&uf%l@m&t&waﬂoer )

shows a nethod to add holes to netal lines to i nprove CMVP anari zation. 2
US 6, 094lager (@nyitios lef atvoil Wlﬂ)ms‘,l’rdesdlailnﬂEfilhb@ﬁpprlosapﬂnﬁtanM@?a¢m1>‘1’6ﬂlé§ us

5, 923, 563( L h dd fill. sh
20021 01081t HEvEhy o Iy PR BB Al e ™ et hod for a 1i11

pattern. US 6, 396, 158BhdrcavisiP abavsdicadveibgdof Gowiesiognilag "duimny” f eat ure
when polishing areas of wide metal. Especially in case copper is used this effect will result
in nonplanar surfaces of the substrate, leading to the difficulties mentioned above.
FIG. 1 shows two situations where dishing occurs. Within smaller wires
(A) dishing can be neglected to a certain degree, whereas for wide wires (B) it shows big

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

The importance of overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed to the subject, as
documented by the relevant patent and technical literature. The closest and apparently
more relevant technical developments in the patent literature can be gleaned by considering
US 5,602,423(Jain) that shows a metal line inlaid with slots or pillars.

US 6,403,389b1(Chang et al.) shows a method for forming slots in
conductors to prevent dishing during chemical-mechanical polish.

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

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

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

to improve CMP planarization.




in a mask layout. US 6,081, 272(Mrinoto et al.) shows a nethod of sizing
and position dummy structures. Andrew B. Kahng et al., "Filling and
Slotting: Analysis and Algorithnms", |1SPD 98 Monterey CA USA, pp. 95-102.
However, these designs, nethods and device can be inproved upon. 3 Sunmary
of the Invention It is an object of enbodi ments of present invention to
provide a nethod for fabricating a device |ayout or design that has slots.
It is an object of enbodi ments of present invention to provide a structure
and nethod for fabricating a mask that has slots. It is an object of

enbodi ments of presenggigygndi Vi I - t for
fabricating a sem conggct’ or @Jéz\gl?iégteig?%g% L%@“%Iao@é%?%wgg Elég@ﬁé\% mlgg’eas. I t
is an object of enbodUREilS, @ (tden pradsehndws mrettodan atdfifisbapede a et hod

to design masks for i ci.rcuits havin lots. Lt is therefore an
obj ect of enbodi nent sﬂgﬁ%%@?g?@géﬁ&?lﬂ?ﬁé‘ﬁmyd af-d {%}33{)%313?40%@5@%“ ve
net hod t gnglesi BPa SEMa@epduct or integrated circuits or electronic packages

that sol ves the dishing problemassociated with the CVMP process. It is
anot her object of the invention to provide such a nethod for designing

I R T SRR N ) ——

for deteif Ha801dybee. pl acenent of slots representations in a layout of an
integrated circuit design; the |layout conprised of a plurality of
conductive |ayer représédtddtd’dadorimiot ahdsiorisemetypdof sigmzesdmpbsitioon

conpri segul%nycs%[h% u(l;('gsl've regi on representations;

Andrew B. Kahng et al., "Filling and Slotting: Analysis and
Algorithms”, ISPD 98 Monterey CA USA, pp. 95-102.

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




at | east one the conductive region representation has a via contact
representation between adjacent active layers; the nmethod conprising the
steps of: setting a reference for the placenent of the slot representations
with respect to the layout; 4 setting the mnimum di mensions of the
conductive region representations in which the slot representations are
placed; setting the dinensions of the slot representations; setting the
spaci ng between slot representations in conductive layer representations;
setting the clearance between the slot representations on adjacent
conductive |ayer representations; setting the stagger spacing between rows
of adjacent slot representations in conductive |ayer representations;
setting the m ni mum di stance fSwonmakeoftdgdnobnfilie sl ot representations to

t he edge of the condugtive region representations; setting the m ni num
di stance between the E‘é%%‘h%lflecgio'eméﬁﬁ?’é‘?@m(ﬁctﬂr%ﬁm Bienticdo Hrotide a method

r epr esentrgt 0041480 R, f ; i nmet hod conpri ses the steps of
" epr esentrgt f;gfca il AR RE éﬁgﬁggg@%gﬁgﬂ% S stofte

. providing a |ayout co l'urality of active layers; the active
| ayers conprised of aktdaeoljegiodemboditndneasipremat inkentRatth peovidgd ons has a

bl acenent TBH Qe BT bLE HHTCEIE § AFBEIAb)ATHES ol | ow ng: (1 ef er ence)
setting a reference fgnsifeh;0lt3¢eABREInRtd SIS SQHALSetloRLS provide a
structure and method for fabricating a semiconductor device that has slots in conductive
areas.
It is an object of embodiments of the present invention to provide a
method to design masks for integrated circuits having slots.
1t is therefore an object of embodiments of the present invention to
provide an effective method to design semiconductor integrated circuits or electronic
packages that solves the dishing problem associated with the CMP process.
It is another object of the invention to provide such a method for

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

The embodiments of the present invention provides a method for
determining the placement of slots representations in a layout of an integrated circuit
design; the layout comprised of a plurality of conductive layer representations;
the conductive layer representation comprised of conductive region representations;
at least one the conductive region representation has a via contact representation between
adjacent active layers;

the method comprising the steps of:

setting a reference for the placement of the slot representations with

respect to the layout;




feature with respect to the layout; (M5 1) setting the m ni mum di nensions
of the active regions in which the square slots features are inserted in
to a mininmmlength of about 12 mand a mninmumw dth of about 12 m;

(Ms2) setting the dinensions of the square slot features are about 2 m by
about 2m 5 (MS3) setting the m ni num spaci ng between the square slots
features on the sane active region to about 4 m (Ms54) setting the m ni num
cl earance between the square slots features on adjacent active layers to
about I m (MS5) setting the stagger spacing between rows of adjacent

square sl ot feat ureSdiing i AARuARAIHYURIAL B iH:QoRlUve Sedlhy (M 6) (edge
excl usion) setting the mninumdistance fromthe edge (12 he square sl ot

f eat ur es rtpeschatiedye which He datremesanégioonateplabdut | m (I\/IS 7) setting the
m ni nrum di st ance betwe e contactéxla feature and the square sl ot

feature to about 1 msethrt?ttg & HRSASIANS & Bifn Jat HRHECHAUSs eni conduct or devi ce

conprising: a plural 's@:ﬁﬁn@ﬂ{eadpahﬁg%’é@ve@f{ 8ot %M@&Eﬁ&&sﬁn chiuchBE Blyet ayers
conprised of nmetal areas; via contacts between the netal Iayers square

sl ot s i nreeseniatiahs;ar eas; the square slots are substantially square; the
square slots positioneg oll ows: .t he square slots placed th respect to
a reference point; t hég%ia%é}e g bﬁg“s'qefﬂ%%ﬂﬁt rSR‘iegg/enit‘ﬁloﬁéPﬂla\é\‘Jé'F%s with

di mensi oasndiicHad Ryer ffebf:t@erﬁatmrﬁl mum net al area di nensi ons; a spaci ng between

the square slots on a single netal area;
setting the stagger spacing ‘between rows of adjacent slot

representations in conductive layer representations;

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

setting the minimum distance between the contact via representation

and the slot representation.

A preferred embodiment of the method comprises the steps of :

providing a layout comprised of a plurality of active layers;

the active layers comprised of active regions;

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

determining the placement of square slots in the layout by the
following:

(reference) setting a reference for the placement of the square slots
feature with respect to the layout;

(MS1) setting the minimum dimensions of the active regions in which
the square slots features are inserted in to a minimum length of about 12 um and a

minimum width of about 12 um ;

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

by about 2um;




a stagger spacing between rows of adjacent square slots in the sane netal
| ayer; a clearance between the square slots on adjacent netal |ayers; a

m ni nrum di stance fromthe edge of the square slots to the edge of the

netal areas; a mninmum di stance between the contact via and the square
slots. 6 Additional preferred enbodinents are set forth in the clains.
This sunmary does not |imt the interpretation of the clains. Additional
obj ects and advantages of the invention will be set forth in the
description that follows, and in part will be obvious fromthe description,

or mey be | earned bynpunGhe (8 mdifuDdABRE SR ENORIRR! Sodithuagyant ages

of the invention may real rzed and obt'ai néd by neans’ of

i nst r urenh @hd faesicand regombtombbutchgmparti cul arly pointed out in the append
clainms. 7 Brief Descréﬁéion of the Drawi ngs The features and advant ages of
a sem conduct or devi c¥OSEIEBARE MFIHE clppaREREYVERIEAE PHRIGHBS feAtsE

details 8}‘1 a%a?{%{?%%zécplrg cr§ ?obe[ﬂo%?‘i i#?gosuch a sem conductor device in

accordance sent 1 nve n wll be nore clearly understood from
the follow ng descri$Dnrettakehe itiog@eBpatngt bedwest folvsioliadjacat apany klog

drawi ngs in which like reference nunerals designate simlar or

cor r espoifdiiies ¢ Biwsams actiegirent At HBPti ons and in which: Figure 1 shows

a cross sectional vie he di shi.ng, pr.obl em accor di tao. th rigr art.
Fiaure 2 1s o tow ot o o hETHED PRPRETRGETIRNP Pl ar o
sl ots i noc@RAYGIE YR B8R POGIRE IR IR A(RESESHE REmRIDPdITENT .

(MS 7) setting the minimum distance between the contact via feature

and the square slot feature to about 1 um.

Another example embodiment is a semiconductor device comprising:
a plurality metal layers over a substrate; the metal layers comprised of metal areas; via
contacts between the metal layers; square slots in the metal areas; the square slots are

substantially square;

the square slots positioned as follows:

the square slots placed with respect to a reference point;

the square slots positioned only in metal areas with dimensions greater
than a minimum metal area dimensions;

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

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

a clearance between the square slots on adjacent metal layers;

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

a minirnum distance between the contact via and the square slots.




Figure 3A shows a netal |ayer and a generated slot prior to a "not"
operation. Figure 3B shows the netal pattern and slot after a "not
operation ". The netal 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
invention. Figure 4B shows a top down view of a |layout or of a chip having
slots in conductive areas and shows dashed slots 457 that are not

i ncluded. Figure 4C sSRQNGoaal b i -unction of
spaci ng between the odd gﬁﬂ‘ﬁ%%ﬁmfg§gégﬁ?$%%g%%h?%gfm§§§??§§93?§v+X)

accor di nguinmary ¢resfiet hd thembodictaion offtha dHainisnvent i on. Fi gure 4D shows the
spacing X and Y in relationship to the square slots as shown in Figure 4C.
Fi gure 5A shows a top plan view of a two |layers of a |ayout or actual
conductive areas and SH@SnACORIH ME aHOaRaRX ANDAn RHRBH WIBBE setGofth gure 5B
shows a top plan view of a three |layers of a |layout or actual conductive
areas anthestestreptimndbatdpiev endirerahpilebeatpodisfeon thadayenmicdposmenbe a t op

pl an vie f t | a s .of a layout.or deyice  _according to a exanple
enbodi rre\r{:é_ta&efé%& \r,%gcsmgé,?lﬂgéfl v 1%_Oonm %Ebjgfté a@%{gg‘éanéae%f Pé Sl“%(ﬁng%mtaé%@ al ong
axi s 6B rdalizéd gdr shtBiAedby Mel@VI GRS AGERNMHitRY ab®cdn SixATHs PaLIARdy MiHed Fi gure
7TAis a top plan view of a |ayout that shows an unstaggered arrangenent of

sl ot s ac€Brigi hg apernd @3iaxpl e embodiment. Figure 7B is a top plan view of a
| ayout that shows a staggered :




arrangenment of slots. Figure 8 is a top plan view of a 2 layers of a | ayout
or netal area show ng the arrangenent of slot according to a exanple
enbodi ment. Figures 9A, 9B and 9C are cross sectional views of a |ayout or
device having different material filling the slots. Figures 9A, 9B and 9C
represent a view taken along axis 6B in figure 6A. Figure 10 is a diagram
of a conputer system upon which an enbodi nent of the invention can be

i npl enented. 9 Detailed Description of the Preferred Enbodi nents 1.
Overview In the followi ng discussion, certain conventions and definitions
will be wused to sinplify the description and facilitate understandi ng of

t he enbodi nents. For exanple, nuch of the description wll describe the

pl acenent of symmetric shapBde{ BespriptioncpfdheDrswotgs i n conducti ve areas,

however, it is to be .understood . that in sanme enbodinents of the invention,
the placement occurs Jg}ﬁ‘i ’f%grs‘l’ﬁ i a@ﬁlapw%?‘geé O ﬁ‘f‘@%ﬂoﬁ%&&?r evichgorardigadethss | c
devi ces pasksh@rintdh@on @Rd furfey 846 oMBhdbess lof BabrERRRA IR AL mAontigoPr esent
invention are devices, designs and nethod of determ ning the placenent of

squar e sketise impceqidgrce igh theeressyl oment{on. ill, bermoigicldarlpewiierstobrifmdi thent s

i ncludin re sl.ots |nside selected.wide netal l.ines, .by .adher. to a
sor "ot SRR AeShplidh LEFL P AR RAF B RSP hBer bR gt BTGk e
met hod oteféREtgMimngas|detisndtd siagildr be céRGhenEng RHCAS, ﬁe?%n@@ﬂ@b&?ﬁibhyand)f sl ot
pl acenent, and i nproves design turnaround tine. The slots can inprove the
pl anari z#t WBi¥hof metal areas (e.g., lines) and insulators by reducing

Sepressions (201 A Mhahd 5y TELpSEIERRy 2 AUGR: ARl
to the prior art.

Figure 2 is a flow chart for a method for a layout for positioning square
slots in conductive area according to a preferred embodiment.

Figure 3A shows a metal layer and a generated slot prior to a “not”
operation.

Figure 3B shows the metal pattern and slot after a “not operation “. The
metal layer is represented by a metal GDS layer; and the slots have the same GDS layer,
but a different data type according to a preferred embodiment.

Figure 4A shows a top down view of a layout or of a chip having slots
in conductive arcas according to embodiments of the invention.

Figure 4B shows a top down view of a layout or of a chip 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
between the odd and even layers (Y) and slot spacing *(2Y+X) according to a preferred
embodiment of the invention.

Figure 4D shows the spacing X and Y in relationship to the square slots
as shown in Figure 4C.

Figure 5A shows a top plan view of a two layers of a layout or actual

conductive areas and slots according to a example embodiment.

8




for placing square slots in netal areas. Il. Term nol ogy | ayout - design of
devi ce, such as integrated circuit slot - space in a conductive area. The
slot can be filled with dielectric material or conductive material or |et
a void. slot region - material filling a slot. slot feature -
representation of a slot in a design of a device or mask design for the
device square slot - a substantially square slot 10 active |ayers -
representation of conductive |ayers of a device. Can represent netal

| ayers, such as M, M2, etc to top netal layers in a device. Metal |ayers
can be copper dual  dBERSCENGNMAKADS plAGHEW 81 h BHLONRSers of 84 RIEHI RLdLHNS Of
conductive regions of a device. For exanple, can | "i represent netal

| i nes, meorducphaeiarcacasladdts escopding &s2 examsple twbgdinegna i nt er connect | ayers or
conductive | ayer or netal 6Iag/ers- are conduc or s ;Ilsed ifn connec ing
circuit elements of anZiiFayPRMES QP PER YW Of £ Ve layES AT AJavh o7 ddet hod
for desi gitofMing eIt c@bodiifnt.nvention is an nethod that produces a

| ayout design for an integrated circuit or one of nore active |ayers
(e.g., metal |ayers) Kigpres AB, 6¢C e grdboBdradrossuiectional hicwy takstaling ashapdd
slots in.w i l.ayers, Preferred . embodi.nents provide for square
slots i nu#lggre%&éf)ygg%@é%aécﬁgl(]Jllaril%%’sa. exf‘%ol%?rgﬁ%di?qgattjce the dishing in the
active area (e.g., CrikiRes) isdtbp PRnGHENOE alaydBCRaNHeak aR@higRide (CWP) . A,
| ayout is conprised of a plurality of active |ayers A layout or

r epr esenfEIESHICHE olsI9pteagosiligs tog coreploembpdindniayers of an IC design is

produced.  The | ayout g5 2 (SGFBHh Ve Bt 21 SR FREAbAL L Agh Ok udi ng acti ve

arrangement of slots.

Figure 8 is a top plan view of a 2 layers of a layout or metal area
showing the arrangement of slot according to a example embodiment.

Figures 9A, 9B and 9C are cross sectional views of a layout or device
having different material filling the slots. Figures 9A, 9B and 9C represent a view taken
along axis 6B in figure 6A.

Figure 10 is a diagram of a computer system upon which an

embodiment of the invention can be implemented.




| ayer (e.g., netal layers or netal Levels (e.g., M, M). The active |ayers
are representations that correspond to designed circuitry for a

sem conductor device. The active |ayer can include portions of conductive
lines (e.g., netal lines), capacitors, resistors, and power supplies. The
enbodi ments are especially applicable to 0.13mand 0.9 Itm groundrule
technology. (e.g., mninumline-width geonetries of 0. 13-mcron or 90
Nanoneter) ) . The enbodi ments can be used to place slots in dumy features
or any "inactive nmetal areas" (e.g., dummy areas, test structures, etc ).
However it is possible to wuse the enbodinents to place slots in resistors
capacitors, and inductors, although it may not be advantageous to do so.

11 The enmbodi nents cdifteilest B@S‘iﬁwtweﬂth%meaﬂédﬂ%b%dlﬁ’éntﬁsed in metal area
i n packaging and printed circuit boards and other technologies with w de
netal lines or areas. Preferably the layout is in format of an electronic
graphi c database file of |ayout shapes, such as a CGDSI| data stream The

| ayout may be a st and@vekrviewyout database file exchange format such as GDS
&SI, DXF, CF, IGES, aflat file, or even a proprietary database file

f or mat . However any ldahafdlioveng dirsntassionhmadwdnme@iqnhen@]é&métioqs wibf bea

I t I t.h |
contai n_ din Seag dhe Rl Tac B R Sl oY brab iR misafir Eent at f ons
) With Oéxéffhﬁlg%&clﬁéﬁlﬁ@d%cﬁbﬁoﬂ Wil B¥scri 6DBlel pl AU FRBT o AR Ehnstatia sRApRE (e.g.,
Enbodlnena@n§e g., program) will generate slots (e.g., squares of

symmet ri &4 p;éasé; 1wmndhctwelatreat§ehmfs@@l,tlth'tw@wundmstogi ﬂitafslmsnmhat met al
and.sl.ot after

logg?‘;t i Oﬁx%%qmﬁ frgengsl j’b? ij%%{()é)l ﬁ}%p l?cemen% occmsi mathematlcallly on computer modneh%lo-r"
and layouts of IC devices rather than on a physical metal line.

Embodiments of the present invention are devices, designs and method
of determining the placement of square slots in “wide™ active regions (e.g., metal lines).
Embodiments including square slots inside selected wide metal lines, by adhering to a set
of guidelines /rules/steps. There guidelines are described below.

The method of designing slots in active regions reduces the complexity
of slot placement, and improves design turnaround time. The slots can improve the
planarization of metal areas (e.g., lines) and insulators by reducing depressions (e.g.,
dishing) in the metal areas.

Figure 2 shows a flow chart outlining preferred steps of an embodiment

for placing square slots in metal areas.

. Terminology

layout — design of device, such as integrated circuit

slot — space in a conductive area. The slot can be filled with dielectric material or
conductive material or let a void.

slot region — material filling a slot.

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

square slot - a substantially square slot
10




then be the final nmetal used as output GDSSII file. The netal |ayer and
sl ot can have the sane netal CGDS | ayer: but different data types. For
exanple, the netal |ayer can be Metal GDS |ayer: data type "0". The sl ot
can be the sanme GDS | ayer; data type "8". The shape of the slot is
preferably symetric (along one or two axis) B. active layers are
conprised of active regions The active |layers can represent conductive

| ayers or levels (e.g., M2) such as netal |layers or |evels. The active

| ayers are conprised of active regions. Active regions can represent

conduct i igiild REss (SHGRASHIRIR 'coﬁdu'a%% Iay?xgg)? 2 gg@g qeyl r%ﬁféﬁcsnlf ¢n taﬂj%yelr Siyer

capacitor plates, resistors. In a prefe e act

r epr esentssclaasietl aM2, bayetop iGetablayéra ircodevicd. Mc&altluyees b@i paffiagent active
| ayers t |east, one the active regions has a via contact eature bet ween
adj acent “4RPPCECIAGBrs. The via contact feature represents via contacts

bet ween nBtw reé%ﬁ@lufiepxés?enfgﬁ%nél bt %tre%)gﬁg & LR FRNELEA ?@tc

i nt erconnects, such as danmscene or anmscene interconnacts. The via
cont act ﬁqamwnémw@phesenmgdpm& camtiaat datbe trywsorsat.al Ievels The vi a

cont act fqgtures an repr ‘ﬁ?g lnterconnect such aa dual nascene

i nt er conNERCEMISHH &Y G LT CRIFHCH KT 1oy eiqr pelal Jaxgrs awrcoadys tortséls WY CORNGHURS

cont act Rkt eBmehits@¥ah ,@@g}g@g@ﬂ@ud nterconnect. D. Flow chart The

pl acement of square slots in the |layout can be determ ned by applying the

placenent rules. A flowhart of an embodinment is shown in figure 2. A sl ot
will not belBtace wheblet placempnt angd methoahfondesipe met. E. setting a
reference A reference (point) is set for the placenent of the square slots
features wth respec%nﬁﬁmPﬁ%mﬁ%QB@@1“%@P0@Xﬁﬁwn@hoéﬂwéhmﬂnaﬁﬁdﬁwgmre 4A,

the ref eyede® rRahMitedBfed Sreuit or one of more active layers (e.g., metal layers) for the
integrated circuit with symmetric shaped slots in wide active layers. Preferred
embodiments provide for square slots in wide dual damascene lines. The slots reduce the

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

A. layout is comprised of a plurality of active layers

A layout or representation of a IC design of one or more layers of an IC
design is produced. The layout can be a computer data representation including active
layer (e.g., metal layers or metal Levels (e.g., M1, M2). The active layers are
representations that correspond to designed circuitry for a semiconductor device. The
active layer can include portions of conductive lines (e.g., metal lines), capacitors,
resistors, and power supplies.

The embodiments are especially applicable to 0.13um and 0.9 um
groundrule technology. (e.g., minimum line-width geometries of 0.13-micron or 90
Namometer) ) .

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

not be advantageous to do so.
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shown in the bottomleft corner of the |layout 400. Figure 4A shows a top
down view of a representation of a layer (e.g., level). Figure 4A shows
netal areas and slots in the netal areas. The outline 400 can represent
the outside edge of a chip. The netal areas and chip are not drawn to
scale. As shown in figure 4A, the square slots are orientated in relation
to the reference point 401 which is, for exanple, in this case at the
bottom | eft of the chip corner. For exanple, Figure 4A shows the slots 404
406 orientated so that the m ninumcl earance distances (EE) are to the

bottom and | eft si desTRE efhhEdiakhis\Buldo@idht (Ld o plab®iials BnS&) indhdal
Li kewi se, Figure 4A shows the slots 442 444 orientated so that the m ni num

cl ear ancerea ih pachngieg apER)iniad eirewt beredpard eheaivdhnadsgicsivithavids metnélipes al
area 440. For exanple, the slots have the m ni nrum edge exclusion (EE) (of
1 m on Ph&ottomand | eft sides of the metal areas. The nini num edge

exclusion (EE) is thep@icrbRiRedh®iu@RGa fHin@iol higclet@dnit graphitelatige: @It the
netal area. (See further eé%anation bel ow). 13 As shown in figure 4A, the
sl ot s ar ef kepewshapesosugh 2s a8IDS diteseamhéhe Hyaivay belgstapdast lsosh ( EE)

di stance from t.he edges 0of the } y 10, Qf t . i ght
si des of d?tﬁléasg ]t[ti %ﬂg??g’a@nﬂ%}fu%g% Gp%ggir&gﬁgg}% (fslllf‘h%q?lgsr athfgatgtl%%rr g@ A% but
Fi gure 4Brcphewsy ddighdotile@rhhnlowshel snyidia haforanghexdeiptehe gbombwy s t hat
are not drawn because they fall outside the nmetal, do not neet the rules

and wi | | ohotaypel gonbicleansed. (MS1) slots inserted in wide netal lines The
L OF 1 ndanr AR BTRRE L SHR RN RAIEARE WMl BithinRavgh SEHRTS

(e.g., netal lines) whiC m™ninmum di nensions (See figure 2,
step 203pkas R el weabliyestnafafsippedsesthid:s awithionelithdeddrawnaktd menyegi ons

| arger than about 12 p.m by 12 mor 144 nR. That is the slots are placed
in acti vERBhreRkengnd e Wshgt h greater

Embodiments (e.g., a program) will generate slots (e.g., squares or
symmetric shapes) which will be used to "NOT” out slots in that metal layer. Figure 3B
shows an example of the line and slot after the “NOT” operation. This slotted metal will
then be the final metal used as output GDSSII file. The metal layer and slot can have the
same metal GDS layer: but different data types. For example, the metal layer can be Metal
GDS layer: data type “0”. The slot can be the same GDS layer; data type “8”.

The shape of the slot is preferably symmetric (along one or two axis)

B. active layers are comprised of active regions

The active layers can represent conductive layers or levels (e.g., M2)
such as metal layers or levels. The active layers are comprised of active regions. Active
regions can represent conductive lines (such as metal lines), pads, and devices such as
capacitor plates, resistors. In a preferred embodiment, the active layer represents a metal

layer.

C. avia contact feature between adjacent active layers

At least one the active regions has a via contact feature between

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




than about 12 mand a width greater than about 12 m Note that nost netal
patterns are rectangul ar shaped because it is easier to design |ayouts.
However, the invention is suitable were nmetal patterns that have other
shapes. The determ ning the mninum active region dinensions in accordance
with effects of dishing on the netal |ines due to chem cal nechanica
polishing. The inventors have found that the choice of the 12 mby 12 p.m
m ni nrum di mensi on significantly reduces dishing probl ens by

chem cal - mechani cal polishing (CMP) and reduces data processing load in

b . ' ' jall |l of th
ot 1 v e s ARt Rudnd B B Sh et ey Rf ) SpRE AT LR 11

whi ch ar éntbrabgectst ianvigicohauniesturerpicotifs FalcontaRBbeveeandddloweld. Theivir e
4A, slots 404 406 are placed . in active region (e.g., netal area%‘402 whi ch
has a | eRgtipctdprdunigs saegresentapiercranectiuchpndynl ARmeancesnh srteieennertie 1he 5iss ar e
preferab . 1.0].J7 e U d resistance
't he conaora e aultepldto bifork v etact Boridh of thal dbheaB. 10 5

resi st angigerctmecurrent fl ow along the | onger side. The nost preferred sl ot
shape is square. 14 In addition, in enbodi mrents where square shaped slots
are di scussed, t her éﬂ&gﬁd slots are feasible and the enbodi nents are not

limted to squaré&"sl of rt exanple, slots with symmetric shapes,
especially in the din@&{Hon of_Cﬁrrent J{OM/@IF Qeasgblﬁ. Acgf t abl e
shapes i ncl ude, substafith &3R5 GRS FgEd th layqHt §70 8 delgrmigg 3’ ons such
as hexagepslyinpemd @g@mem flles. APneveidiest shanBsdidks: 8 XAE®A I §alk . 3 qund a
poi nt, have equal length sides (or arcs) (e.g., square, hexagon, octagon)

and havewalhnesieplagndledre of thesiulfssan Spiaeetshaped sl ot s have advant ages t hat
they can be easily generated and arrayed and make the file size smaller.

Square slots canghe a ?ﬁ}gf are al so independent of current
direction. (as o;lr)sgt';oseﬁE 0 g?tggén'lg&z'}égr slots that block current nore in

A reference (point) is set for the placement of the square slots features
with respect to the layout. For example, as shown in figure 4A, the reference point 401 is
shown in the bottom left corner of the layout 400. Figure 4A shows a top down view of a
representation of a layer (e.g., level). Figure 4A shows metal areas and slots in the metal
areas. |

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

areas and chip are not drawn to scale.

As shown in figure 4A, the square slots are orientated in relation to the
reference point 401 which is, for example, in this case at the bottom left of the chip corner.
For example, Figure 4A shows the slots 404 406 orientated so that the minimum clearance
distances (EE) are to the bottom and left sides of the active region (e.g., metal area) 402.
Likewise, Figure 4A shows the slots 442 444 orientated so that the minimum clearance
distances (EL) are to the bottom and left sides of the metal area 440. For example, the
slots have the minimum edge exclusion (EE) (of 1 pm) on the bottom and left sides of the
metal areas. The minimum edge exclusion (EE) is the minimum distance from the slot to

the edge of the metal area. (See further explanation below).
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the direction against the |longer side). Square slots reduce the nunber of
design rules. For exanple, slot density need not be checked because it is
uniformy distribute din the wide netal area. However, the design rules
are need to changed when converting from rectangular slots to square
slots. G (Ms2) setting the dinmensions of the slot features The slots are
preferably substantially square. The dinensions of the square sl ot
features are set at a length between 0.5 mand 4 m and nost preferably
about 2 mand a width between 0.5 mand 4 mand nost preferably about by

O ™ ey e i SRe ot hANE. Ol BESIAL Ledpalfluiplisasaadalemel fon of

spaci ng between the odd and | ot spaci ng
Fi gur e 4hishows edgnecxchmaml (ibedy ) Mistemde fforrnthe et gdsicdnisdagoive arcdhh 603 gquare th: ot s.

The depth of hq uare slots is Qﬁﬁferably t he thickness of the active
regi ons &P HEtEENtS ﬁﬁFéﬁm§ﬁFW§u #Phe slot. Referring to figure 4, the
| ength and width 454 rﬂ@@reczfg ROUAIG 3/F9 d%ur@&% bt Fi I%f@rﬁ%mé R0 eddi 15

The inventors chose thi's square sl ot mensi on i corrbl nation wth the
ot her guistiéd 43¥edat(gohysingaes fa”mdbtslérsat gme)nob dsedh lmnatseahol b tontstdl the ietdt ur es

obt ai ned., Th Q | y, a shape that has a symetry such that
mi ni ni zeS° tnﬂ mﬁ?tfté%{u%%slﬂ'r@e 15 g%\/}giaﬁ%‘f exanpl e, the slots preferably have
square shapes, circular shapes or synmmetric polygons, etc. For exanple,

rectangl es wth tfhe | @ngihsiots dédrited s WidkOneRy 1inean the width are
preferred between of the effect on current flow H (MS3) setting the

m ni munl meax_spaci ng bE%Mg@ﬁnﬁhﬁﬂ&ﬁQﬁ&meﬁﬂﬂiMﬁ@ﬁeﬁﬁ%gfhkﬂﬂkﬂ@nﬁagkre 2, step
203, the (m nimum max). spaci ng between the square slots features on t he
same act F%Ofisé&gor‘\n‘{‘é 1@168) W@%ﬁreéa@sy theg nypisnen dispgnsinas wWasrfigure 2, step

201). Preferably the (square) slots are included in active regions larger than about 12 um
by 12 um or 144 um®. That is the slots are placed in active regions with a length greater
than about 12 pm and a width greater than about 12 um. Note that most metal patterns are
rectangular shaped because it is easier to design layouts. However , the invention is
suitable were metal patterns that have other shapes. The determining the minimum active
region dimensions in accordance with effects of dishing on the metal lines due to chemical
mechanical polishing. The inventors have found that the choice of the 12 um by 12 pum
minimum dimension significantly reduces dishing problems by chemical-mechanical
polishing (CMP) and reduces data processing load in slot design. The slots are preferably
included in substantially all of the in active regions on a chip (or layout of a chip) (e.g.,
metal lines) which are larger than minimum dimensions

For example, as shown in figure 4A, slots 404 406 are placed in active
region (e.g., metal area) 402 which has a length and width greater than the minimum
dimensions.

The slots are preferably shaped to minimize the effects on current flow
and resistance in the conductive areas. In contrast, to rectangles that have a high resistance

to current flow along the longer side. The most preferred slot shape is square.
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1.5 pmto 8 mand nore preferably about 4 m See Figure 4C for a table of
preferred values. Referring to figure 4A, the spacing (SS - Slot spacing)
between the square slots features 404 406 on the sanme active region (e.g.,
netal area) 402 is about 4 m 1. (M54) setting the clearance between the
square slots features on adjacent active layers to about 1 pm Referring
to figure 2, step 204, the (m ni mum max) cl earance between the square
slots features on adjacent active layers is set to fromabout 0.5 mto 2 m
and nore preferably about | m. Figure 5A shows a top down view of at

| east two active IayeESmﬁﬁﬁ@ninemﬁéﬁhmhknﬂﬁ&eﬁﬁani%ﬁpubﬁmsm&phaaSﬂm odd or

even (net adj acent yers over a substrate. For . exanple, M |s adj acent
to M2 IaS?glFr shpped YAt ar%&éﬁﬂ%ke)aﬂﬁé e@aﬂgﬁ’éng’la& “‘?télé’fﬂiﬁdég SGE6C 505 Fohat are

spaced apaf lpysl&lﬁ @m‘(ﬁls?ﬁm?e@{%% ngess‘%‘sﬁgm 99 ?e"ﬁlf@cn&bgﬁ &¥Fet ﬁ&&/ Y | ayers

have sl ot ere tan he or nore’o or even | ayers. he slots
506 508 msiake. e\/c&npﬂablycehamendmeubstamm}y bapagt dots, Skl eirlslottsh@oiygdnis | ayers
by the cl‘gqajrance SC (sl ot cleargjn % (?f bout from about O. mto mto
more pr e EPABRGXaERBY P agPNSSEl %12 e ¥ ‘épﬁ%?feéy?’éflﬂtfé" ¥ 2 Cues
(e.g., Ya:quaﬂeagfhesl&@ (Inual&;)e{ég sh&’eﬁé ke &nhbétagérg%@ﬂg@e M\%n%h%%f slots
on adj acent |ayers. Figure 5B shows netal areas (or representations of

metal arsidsy in three rretal | ayers 530 540 550, such as the first three
netal |ayers (e.g bove.. t he suggtrate

Active region 530 ’hag URESS ga%“égg%%a%ﬁ%’ag aé‘fssth%%e% aﬁi?éﬂ%lg%rl"b
cl ear ancgnd #faye@38d 8dfRe @fc ABALE shallbf. SqMt @%tssdaﬂtbe%néer’&ﬁthbﬁ atel¥so

projection of slot 546 on area 530) on the adjacent or neighboring (e.g.,
met al ) agwdependeriydcurrpardiegaem|(es epeseyl otrectangular slots that block current more in

the direction against the longer side). Square slots reduce the number of design rules. For
example, slot density need not be checked because it is uniformly distribute din the wide
metal area. However, the design rules are need to changed when converting from

rectangular slots to square slots.

G. (MS2) setting the dimensions of the slot features

The slots are preferably substantially square. The dimensions of the
square slot features are set at a length between 0.5 um and 4 pm and most preferably about
2 um and a width between 0.5 um and 4 pm and most preferably about by about 2um.

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

The depth of the square slots is preferably the thickness of the active
regions or metal area which surrounds the slot.

Referring to figure 4, the length and width 454 456 of square slot 442 is
preferably about 2 pm.
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cl earances 538 and 539 are at least | m Active region 540 has sl ot 546.
The slots 532 534 have a slot clearance (SC) 548 549 of at about 1 mfrom
the sl ot 534 532 (544 542 is the projection of slots 534 532 and 554 552
on area 530) on the adjacent or neighboring |ayer. For exanple the slot

cl earances 548 and 549 are at least | m Active region 550 has slots 552
554. The slots 552 554 have a slot clearance 553 551 of at about 1 mfrom
the slot 546 (556 is the projection of slot 546 on area 550) on the

adj acent or neighboring |layer. For exanple the slot clearances 551 553 are

at about 1 m J. (M3%} iseitdrnghdseehista@aeslios RRERBNSLUESHalioNS i@ pad] acent
squar e sé]ot f.ga_t ures The stg%ger spaci ng between rows of adjacent square

sl ot f el audsimes tnysicalpndgepigpbased an il deqtvied stroctard obtamend nost

referably about O . ' 205. As sho i igure 7A, for
gxarrpl e, %/he r Ows anp%mgo ?Jrrllﬁgy%fgragl u%%%géwagggs ?65’4[“5’1%?%?%%{‘&99& ed (e.g.,

st agger miiaticn ghenffiyt eurrdnhfoac Fovexaaipda thesifis proftaly BiveaYuard th4R2. The
setting of the stagger spacing to about O mresults in a sinplification of
the netHOH ARPHrAGY BRCINPLIRISAS: thpricrampt suitangins With thi dengéh 7A,
referri 9g,k0s114Bonddd & 4nARS w2 re st efed in the active area
752. K ?‘R}s‘ %KZ( 8‘2*]%e e>?c usi oﬂr%)a%s]gr:eﬁr%g%te Véeer?‘ior#ﬁ%?gf%fgg?ﬁ}‘\%‘tﬁf ®©n the edge
of the square slot features to the edge of the active regions The m ni num

di stance from tHe ed@4S3J settingthmnEnkham/hedt $ekihe belbweenge Dbtd he
active region is abo*étatgigsto 1.5mand nore preferably about 1 m Also See

Referring to figure 2, step 203, the (minimum/max) spacing between
the square slots features on the same active region (e.g., metal area) is preferably between
1.5 pm to 8 pm and more preferably about 4 ym. See Figure 4C for a table of preferred
values. :

Referring to figure 44, the spacing (SS — Slot .spacing) between the
square slots features 404 406 on the same active region (e.g., metal area) 402 is about 4

HIm.

l. (MS4) setting the clearance between the square slots

features on adjacent active layers to about 1 um;

Referring to figure 2, step 204, the (minimum/max) clearance between
the square slots features on adjacent active layers is set 1o from about 0.5 um to 2 pm and
more preferably about 1 pm .

Figure 5A shows a top down view of at least two éctive layers (e.g.,
metal Jines) 502 that can represent odd or even (metal) adjacent layers over a substrate. For
example, M1 is adjacent to M2 layer. The odd layer(s) have square slot features 506 508

that are spaced apart by the slot spacing SS of about 4 pm. The even active layers have

slot 510. There can be one or more odd or even layers,
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figure 2, step 206. For exanple, referring back to figure 4, the slots 404
406 have the m nimum edge exclusion (EE) (of I m on the bottomand |eft
sides of the active region 402 (metal area). The m ni num edge excl usion
(EE) is the mninumdistance fromthe slot to the edge of the nmetal area.
As shown in figure 4, the slots 404 406 442 444 are spaced 410 412 444 452
with at | east the m ni mum edge exclusion distance fromthe edges of the
active areas 402 440 on the top and right sides. L. (M5 7) setting the

m ni nrum di st ance between the contact via feature and the square sl ot

feature The m ni num djxt @6s 8obeiosrint Ren kAR aetspXded RN QoRBdotihtesquare
slot feature is about | m Also, see figure 2, sPep- 207. For exanple, as

shown i nofld ryeBAbuthg obBrange SCr(stot metmhcarod abdutifiont abaved.5 jun ta2fiim 3o

dielectric layer 612 Square slqts SL1 616 618 are placed in 1 614 (e.g.,
metal | ajfe¥e B‘i"’?‘?r%‘?}élab%}ﬂéﬁm'ac??? 3&ur§r4é%f01)a.ta@80£vr§§mﬁd’aﬁ@§ fK8aréa M2 644
is formed over the : : i . di el i : .
Square slots SL2 64%%1‘63%&1%%%@%8 lr[r}g% ggg%?éejcaﬁ@&gf%ﬁ{ Sq?tg%{%@a@né?al

| ayer or ldyemseFigdre 318 slaotd metal @gaofor 2presthetionnofimngtat bisbaria ehrb2hebldt ween t he

bout 0. AP B 0 A Rt brs masbiers (ot AGF and Migor bF: ge. oA
2S00 chTd e Beogae e e inder the viA contact CL2. This would ¢
viol ate the (MS7) rulActiv8eegibn§dd dasloistsép 520 7TheMlotexdtpbehofe 4 Het squar e
slot pl agi%gglg}:e (SC) 538 539 of about 1 um from the slot 546 (536 is the projection of slot 546
on area 530) on the adjacent or neighboring (e.g., metal) active layer. For example the slot
clearances 538 and 539 are af least 1 pwm.
Active region 540 has slot 546. The slots 532 534 have a slot clearance
(SC) 548 549 of at about 1 pum from the slot 534 532 (544 542 is the projection of slots
534 532 and 554 552 on area 530) on the adjacent or neighboring layer. For example the
slot clearances 548 and 549 are at least 1 pum.
Active region 550 has slots 552 554. The slots 552 554 have a slot
clearance 553 551 of at about 1 um from the slot 546 (556 is the projection of slot 546 on

area 550) on the adjacent or neighboring layer. For example the slot clearances 551 553 are

at about 1 um.

J. (MS5) setting the stagger spacing between rows of adjacent

square slot features

The stagger spacing between rows of adjacent square slot features in
the same active area is between 0 and 4 um and most preferably about 0 pm. See figure 2,
step 205.

As shown in figure 7A, for example, the rows and columns of square
slots 704 are not staggered (e.g., stagger spacing = 0) in the active area (e.g., metal area)
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Figure 8 shows anot her exanple of the square slot placenent of the

enbodi nent. Figure 8 is a top down representation of active region (e.g.,
netal area) 802 having slots 804. Slot elenments 804 are projection of
slots froman adjacent or neighboring |ayer either i medi ately 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 801
isin the bottomleft hand corner of the layout (e.g., layout of chip or
IC). But, for reference point 801 could be in other |ocations. For exanple,

S0t s s0a magee A MLeERe sEQ R L AGLOH A BRRELS PR BDU® “her

exanpl es yjefdduse prédiemdi stances 824 826 are about 12.1 m Distance 801 is
at least 1 [tin. Slot spacing distance 822 iis about 4 m the slots 803 804
have are substanti al | cogbiastéo hietembodipgmian Baerevidatdieroe hpoBethorens alg N,
the pl ac of squar.e; sl Mr is performed by an algorithm The
pl acenentg’lggsfn%ﬁhaée Fétg%%ﬁreedlsnltg%gdzzvgﬁaﬂ e%%'erformad by a program or an
algorithmon a conputer. O Oher enbodinments In an enbodi nent, the

pl acement of the Ksquafies B) ofesiglecmtalusion) osettirgethe rdninmgmsdjséareesfrom
representations to a GOS fgrmaft file that is used io f abr,i cat sk used

i a
in fabricating the seff®® othe sauaesielfeqtpees to t%gd@gf?tgp MEan be

used to create a rraslf,eyd,;ser specific mask file that is used by an e-beam
tool to make a mask. In“an enbodi nent, |east one of the active regions or

metal area has a duathdARSGENEsBR&MRoh Thdedge 0BER dL@YsRt BRLBIB)thtn an
enbodi ment, the active regions represent netal |ines; pads, and
edge of the active region 1s about 0.5 to 1.5um and more preferably about 1 pm. Also See
figure 2, step 206.
For example, referring back to figure 4, the slots 404 406 have the
minimum edge exclusion (EE) (of 1 um) on the bottom and left sides of the active region

402 (metal area). The minimum edge exclusion (EE) is the minimum distance from the

slot to the edge of the metal area.
As shown in figure 4, the slots 404 406 442 444 are spaced 410 412 444

452 with at least the minimum edge exclusion distance from the edges of the active areas

402 440 on the top and right sides.

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

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

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

18




via contacts. In an enbodi nent, a sem conductor device can be forned using
the nethod of placing slots. In an enbodi nent, masks can formed using the
nmet hod to add slots to a |ayout. For exanple, a GSD file can be nodified
to add slots. This nodified GSD file can be used to design and fabricate
at | east a mask used to nake the designed device. |IV. Device and Process
for formng a slot in a netal line Referring to figures 6A and 6B, slots
SL1 and SL2 are placed in nmetal areas (M1 and M.2). Figures 6B, 6C, 6D
and 6E are taken along axis 6B in Figure 6A. Figure 6B shows a cross
sectional view of Sl oAsec(oﬁHZﬁetﬁ@e@MLZiGMsieﬁcﬂnﬂd metathe angal {rd4 R)L1 6di4. The

I f bl I h
Figure o8 <SHBEGrE R gc0 e Tnin Loy et Hlastel nciihaioy Mokl (o
met al yee% A‘le{amg)a 01(1@\1&)2 o:lébn%?ef,g%ﬂ ed enbodi ments, metal areas (M1 and

644

M.2) 614 are conprised of 20 copper alloys. In pref erred enbodi nent s,
metal areas ML 1 and "RIL@Qrrameufm)dmmncbﬁzmMWeerdm;anmcﬁen@fMe@Siﬁﬁ anEor

exanpl e, ,second al he to ch .po n of a.d scene
i nt er conHEHY %IﬁdpE&%?t'ér%%ﬁcﬁtlg(‘ eé)"e?%gl? S%OZWQ%@? Rfﬁ‘?eé%’?y f)l?ﬁutl ilon of
the dual,damascene interconnect. Referring to figure 6C, a netal area one
(M- lI) 614is forned in a first dielectric |layer 612 (DL1) over a

sem conduct or st ruct uRefelik.to Figs seand@Bdiie istancs b28ibdturen dar (EhApsdse a
sem conduct or substrate or a substrate with insulating and conductive

| ayers tA&Y & 4B0RES tprRecayse st slgt @uidaetibe nogiiepcd wdey thmd eeHastépriedbist any

| evel d L 01. Afirst netal area M.l 614
is forneg%ggfe;{i&t Eeethgl rstwglael ée{éﬁl%%é? 7((SDL 1) 612. Preferably, the

first netal area ML1 is formed using a darrascene process.

M. example of the square slot placement

Figure 8 shows another example of the square slot placement of the
embodiment.

Figure 8 1s a top down representation of active region (e.g., metal area)
802 having slots 804. Slot elements 804 are projection of slots from an adjacent or
neighboring layer either immediately above or below the layer of the active region 802.

In this example, the slots 803 804 are arranged with respect to reference
point 801. Reference point 801 is in the bottom left hand corner of the layout (e.g., layout
of chip or IC). But, for reference point 801 could be in other locations. For example, the
reference point 801 could be the bottom left corner of a chip die.

The slots 803 have at least a minimum edge clearance distance 816 828.

Other examples include, the distances 824 826 are about 12.1 um.
Distance 801 is at least 1um. Slot spacing distance 822 is about 4 um. the slots 803 804

have are substantially square with lengths and widths of about 2 um.
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Preferably the first metal area is conprised of a copper alloy. The slots
SL1 and SL2 640 642 in the first netal area help prevent dishing during
the polish process of the damascene process. Referring to Figure 6D, a
second dielectric layer (DL2) 650 is formed over the first dielectric

| ayer DL1. The second dielectric |ayer (DL2) is patterned to forma second
netal area opening 621. Preferably the second netal area opening 621 is
formed using a dual danmascene photolithography process. Those skilled in
art will recognize that there are nmany possi ble photo processes to form

the opening 620. \N SO fRicepeHtorS fliare(sibe FE4RIrE42isp&rféRhea®s) &R the

phot o process. The square slots are positioned as descri bed above.
Referring to figure 6B/gerideuond nmetal |ayer M.2 644 is forned over the
surface filling the second netal area opening 620. Preferably the second
metal layer M2 is cHmplresseenppf thesape slot dappe prERIMed iea BEEEAR Oh#t al

| ayer M.2, 644 is polished back to formthe structure shown in figures 6A
and 6B. ﬂg@r‘g}%%?ﬁ%lﬁ%ﬁéquare slots reduce the dishing 21 problemin the
wi de netal area because the dielectric slots SL2 polish slower than the

metal area M.2. B, fiQsh&lembddimentess for form ng slots regions conprised
of other materials. In an enbodinment, the slots are filled with nmetal or
dielectric material . InEnensiodisertathe iptackinkhied thd scuareetlats featurot tranpridean t he

dielectric material of the ILD |ayer. .The ots could,be filled with air
or a vacaﬁwgmwwi%'@afeaﬁga%%ﬁpﬁﬂiaséﬁsff]%?a? tﬁﬂé&%ﬁ_ﬁsegéﬁ‘fﬁ&fw?%%%ﬁé t he
current Gapeniddi@ling 1R TRE@INdAERAINR: 4B Scdid. M8e IDDforHhs clbe BBEIPIC show
cross sectional views simlar to those in figs
create a mask writer specific mask file that is used by an e-beam tool to make a mask.
In an embodiment, least one of the active regions or metal area has a
dual damascene shape (e.g.,. See figure 6B, 644)
In an embodiment, the active regions represent metal lines; pads, and
via contacts.
In an embodiment, a semiconductor device can be formed using the
method of placing slots.
In an embodiment, masks can formed using the method to add slotsto a

layout. For example, a GSD file can be modified to add slots. This modified GSD file can

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

IV. Device and Process for forming a slot in a metal line

Referring to figures 6A and 6B, slots SL1 and SL.2 are placed in metal
areas (ML1 and ML?2).

Figures 6B, 6C, 6D and 6 are taken along axis 6B in Figure 6A.
Figure 6B shows a cross sectional view of Slots (SL.2) 640 642 in second metal area (ML2)
644. The metal layers preferably arranged in a vertical overlying relationship. Figure 6B
shows via contact CL2 connecting metal level 2 (ML2) (644) to metal level I (ML1)

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




6B to 6E. Figs 9A to 9C show a device and process where the slots are
filled wth a material other than the dielectric |ayer (e.g., 950- figure
9C). Figure 9A shows a first dielectric layer 912 with nmetal area 914.
Second dielectric layer 950 is fornmed over the first dielectric |layer 912
and first nmetal area 914. An opening 921 (e.g., via opening) is fornmed in
the second dielectric |ayer 950. Figure 9B shows square sl ot regions 942
and 940 formed over the second dielectric |ayer 950. A |layer can be forned
over the second dielectric | ayer and patterned to formslot regions 940

and 942. c(xjé/ %63‘5 @fexéﬁ‘éﬂfb%ldgﬁluég{ts,lfgge?il%%s 21 %QPM%%&F&UQ% QRpy 1 sed of

conductiv r| C mater exanpl e, square sl ot Ions 942
940 coul darhasceifleapnmedsses iFet etanviple,seeordi rhéte]r(émm)domasp treoeh pdradn thedual

subsequently fornmed second net al 944. For exanple, the et area 944
coul d begetaﬁw%@ael ETCBRE B PRI EC 5P thelgyepiiencgonggorutipn a? the

conpri segd,Qf4a as&q]ewter‘ggﬁw%guare slot regions could be conprised of a
metal material that has a low CMP rate than the material of the

subsequently forned sIécfondagaoé“@uM@C (esmetaf arguipee ©d).]1) ldsoformbeirsd Gtstr egi ons
942 940 gould. be c d of a dielectric suc an oxid FTEGCS or
| ow k mg@h’q chjc la @%pﬁgﬁ‘“f’—ﬂ Qé’éu tﬂﬁﬁucaUIEEanﬁler%{"é‘fongP%t '944 forned

with Squé‘tﬁ'&tﬁe(&ﬁ c@xﬂﬂmegag%l@orﬁiu@for ERGtaRor 30 Q e wﬁhYﬂs@Ia@fﬂg%ﬁgt CL2
contacts the first netal |ayer 914. The second netal area 944 could be

f or ned usom@cav@@mcﬂmeomocﬁ@&sﬁmh@ﬁ@trhelazedrémﬂ £01 bran repaGegsyriedice
di shi ng qf the1 Abﬁ Addl naI netal |ayers with square slots can be
formed oY ay%ItOrVﬁE{ ey tHb in figure 9C. B. Conputer system

A first metal area ML1 614 is formed over the first dielectric layer
(DL1) 612. Preferably, the first metal arca ML1 is formed using a damascene process.
Preferably the first metal area is comprised of a copper alloy. The slots SL1 and S1.2 640
642 in the first metal area help prevent dishing during the polish process of the damascene
process.

Referring to Figure 6D, a second dielectric layer (DL2) 650 is formed
over the first dielectric layer DL1.

The second diclectric layer (DL2) is patterned to form a second metal
area opening 621. Preferably the second metal area opening 621 is formed using a dual
damascene photolithography process. Those skilled in art will recognize that there are
many possible photo processes to form the opening 620.

Also, the square slots (SL2) 640 642 are defined in the photo process.
The square slots are positioned as described above.

Referring to figure 6F, a second metal layer ML2 644 is formed over
the surface filling the second metal area opening 620. Preferably the second metal layer
ML2 is comprised of a copper alloy.

Next, the second metal layer ML2 644 is polished back to form the

structure shown in figures 6A and 6B. The embodiments square slots reduce the dishing
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Figure 10 shows a diagramof a non-limting exanpl e enbodi nent of a
conputer that can be used in an enbodi nent of the invention. Referring to
figure 10, the conputer system 500 shown conprises a CPU (Central
Processing Unit) 510, a termnal wth a nonitor 520 connected to the CPU
510 for receiving data fromthe CPU 510 and a input device (e.g.,
keyboard) 530 connected to the CPU 510 for sending data respectively to
the CPU 510. A RAM (Random Access Menory) 540 and a DASD 550 associ at ed
with the CPU are shown connected for hidirectional comunication of data
to and f PERIepUN thetiide giedn! appadiersige olipleaiticslpte a2 pelishotowerdhaoiput er
system or, qnr eater@ one conputer system possibly connected by a network.
This is an exanple of a system and network the application can be

i npl emented on. C. pre-existing initial slot in |layout The active |ayers
can further incl e ifigsi%A —$HDpeoddss fardorivingdies fegions segnpisedldiese
slots are generated befgre the square slots of the enbodi nent are added.
The "initial slots" ardNefBEHAG classified as non-active areas or metal

spacing and the nethod(s) .described ove or .in_ fi ar.e used to.place
the square slots. Thig‘aéln%%l?og e%e@?ﬁﬁ’gﬁ'ar{aﬁlﬁﬁd‘”}bﬁﬂgﬁz‘brvd@g?%@é‘wé?fé?l?sti N
use the gheglodRanDe filicaadunnbREesRE: (RANHSWAERriE RaLAAOM AL TBDAhver! The

damascene i nterconnect processes and especially in copper dual ‘damascene

process, stotecandpprefillell whh g opeobtwm.i4 slohmgiimgompesshaencinksyatankle of the
23 et al ill“b‘%%?[‘het%b@'e%‘ﬁ?a%ﬁglg’ %ﬁ&%%ﬁa?%géaﬁglwﬁﬁ)ﬂg' shing (CWP) for copper |ines

metal |ine“"w Y€ The inventors have found

to reduce the dishingrigé HRCOB, arsll 98t Shod¥ ErokLRYIGRM vieHs sHhile RAGE i Fpes.
Typically, foundry custoners are asked to draw their own rectangul ar netal

slots. 9 &F; Figh & ooi Entheti dctise andarraengevercribe lbtssirstidlederdtisat o f ol | ow
the cur " @lcribligf R he dlie: EMRFR L GsAGRAANGER i TfTcult to put in slots
Figure 9A shows a first dielectric layer 912 with metal area 914.
Second dielectric layer 950 is formed over the first diclectric layer 912 and first metal area
914.
An opening 921 (e.g., via opening) is formed in the second dielectric
layer 950.
Figure 9B shows square slot regions 942 and 940 formed over the
second dielectric Jayer 950. A layer can be formed over the second dielectric layer and
patterned to form slot regions 940 and 942.
Symmetrical or Square slot regions 942 and 940 can be comprised of
conductive or dielectric materials. For example, square slot regions 942 940 could be
formed a metal with a different composition that the subsequently formed second metal
area 944. For example, the metal area 944 could be comprised of copper and the slot
regions 942 940 could be comprised of Al or W. The square slot regions could be
comprised of a metal material that has a low CMP rate than the material of the
subsequently formed second area 944 (see figure 9¢). Also, the slot regions 942 940 could

be comprised of a dielectric such as an oxide, FTEOS or low-k material (K< 3.9).
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Furthernore, during tapeout, dielectric slots in netal |ine design rules
checks are difficult to inplenent. It also reduces the cycle tine for
tapeout. For example, in case of (non-square) rectangular slot, its
orientation to direction of current flowis inpossible to check. Then, it
is hard to differentiate netal slot and netal space, then maxi mum space
can not be checked due to software limtation. The enbodi nents of the

i nvention overcone these and other problens. 24 V. Conputer
Prograns/ net hods Bel ow i s an exanple of a programto generate and pl ace

slots according to amg@amchhmtasc&kndsnaapm@w &rﬂ&@&dth@ﬂu%@tmarﬂ aphi cs
Calibre TM1-1DRC Version v8.8 6.1 Rel ease (or er). Expl anatory

I(\:/(l)JgT_I‘[e&tO_sr s%xaée slpt regighs 240 M Aetd @ma%ﬁm'cymﬂcwﬁh%@tst pkil lyeadldnBice sl ot
{
AT T SFIEH A1 IR e R RO PR P SR S B MSIEE,

slots ar 94@9@%&@@&@1@61”%8@&@1 @eneric array (odd) of 2x2um r ect angl es

spaced 4um away inside of chip's Border slot odd = RECTANGLES 2 2 4 4
I NSI DE OF LAYER Bor debddifiah! met%iﬂ%yeg%\‘féhﬁéuar%éiatﬁ crp be HGIEOVELES umin X

axi s as t even = SH FT slot odd BY 3 0 // Get contact
and vi a gr]gcgusret%g&gﬁ%ﬁ%lmﬁe@al slots k cent = SIZE Contact BY 0.1 //Si ze

contact up by 0.1 k Vial = SIZE Vial BY 0.1 //Size vial up by 0.1 k_Via2
SI ZE Vial BY 0Bl //Gomputen8ysterby 0. 1 k Via3 = SIZE Via3 BY 0.1 //Si ze

V|a3upby01 k_Viad = SIZE Vi a4 BY 0. //S|zeV|a4upby01
Figure 10 shows a diagram of a non-limiting example émbodiment of a

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

application can be implemented on.

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

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

D. disadvantages of non-square rectangular slots

In damascene interconnect processes and especially in copper dual

damascene process, the copper dishing problem is changing the sheet resistance of the
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k TVia = SIZE TopVia BY 0.1 //Size Topvia up by 0.1 //Generate odd slots
in Metall (ODD Layer Metal) widenmla = SIZE Metall BY 6.0 UNDEROVER // Si ze
away netal <=l2umw dem = Metall AND widem a //Get netal >l2um m
slotareal = SIZE widem BY -1 //Keep slot 1 umaway from edge m slotarea2
= mslotareal NOT ( noslots OR (k_cont OR k_Vial)) //Get final area where
slots can be generated. mslot = slot_odd INSIDE m slotarea2 //Use only odd
rectangl es inside of nlslotarea2 Metall op = Metall _opc NOT mi slot //use
m sl et as cookie cutter to cut out slots in Metall 25 Generate odd slots

! SR BRI R

n2sl ot ar gathimmed délyiNod @i IB¥s - The ihkaeershoé folind Nfoav@ite filicodisigdg effect,
n2sl otarea2 = nRslotareal NOT (. noslots OR ( k_ Vial OR k_Via2)) //Get final

area whelpts a¢ susiredfprpady ety dped. nPsl ot = sl ot _even | NSI DE n2sl ot ar ea2

/1 Use onl y Even rect anglen, | A5 OloIPSLoLarea? VRt ol A Bt al2 opc

NOT n2sl ot //use nBs 00 0 cut ots in 2 Same
as mnet al netdlsRs. Hobder e¢ tirnglcamtionod erBagalabinétal Metakadd 8 6110wUNDEREMER
w denB = Metal 3 AND wi denBa . X . . :

direction. This causes the designers difficult to put in slots in metal lines.

Furthermore, during tapeout, dielectric slots in metal line design rules

checks are difficult to implement. It also reduces the cycle time for tapeout. For example,

in case of (non-square) rectangular slot, its orientation to direction of current flow is

impossible to check. Then, it is hard to differentiate metal stot and metal space, then

maximum space can not be checked due to software limitation.

The embodiments of the invention overcome these and other problems.
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nBsl otareal = SIZE wi denB8 BY -1 n8slotarea2 = nBslotareal NOT ( noslots OR
( k Viaz ORk Via3) ) nBslot = slot-odd I NSIDE nB8sl otarea2 Metal 3_op =

Met al 3_opc NOT nBslot Sanme as netal 2, uses EVEN rectangles w demta = SIZE
Metal 4 BY 6.0 UNDEROVER w demd = Metald AND wi demda midsl otareal = SIZE

wi dend BY -1 nmdslotarea2 = midslotareal NOT ( noslots OR ( k_Via3 OR k_Vi a4)
) mislot = slot even |INSIDE ndsl otarea2 Metald op = Metald opc NOT n#sl ot
Sanme as netall, uses ODD rectangles w denba = SIZE Metal5 BY 6.0 UNDEROVER
wi denb = Metal 5 AND wi denba nbsl otareal = SIZE wi denb BY -1 nbslotarea2 =
nbsl otareal NOT ( noslots OR (k_Via4d OR k_TVia) ) nbslot = slot-odd | NSIDE
nbsl otarea2 Metal 5 _op = Metal 5_opc NOT nbslot Sane as netal 2, uses EVEN
rectangles widenta_ = SIZE MI BY 6.0 UNDEROVER // 6th (TOP) netal w dem =
MI AND wi dewt a nt sl ot@smphiter Pobgfanni/sletiodBY -1 ntsl otarea2 = ntslotareal
NOT ( noslots OR k_TVia ) mslot = slot even INSIDE ntslotarea2 MI_op = Ml
NOT ntsl ot 26

Below is an example of a program to generate and place slots according
to an embodiment. This program is based on Mentor Graphics Calibre TM HDRC
Version v8.8_6.1 Release (or later).  Explanatory comments are in italics and set off by

“//”-

// Get the areas where slot MUST NOT be generated.
nosiots = (Fusebot OR Fusetop) OR {IND_MK CR MS_EXCL)
/ Fusebot, Fusetop, IND_MK and MS_Excl are areas where metal slots are undesirable.

//Create generic array (odd) of 2x2um rectangles spaced 4um away inside of chip’s
Border
slot_odd = RECTANGLES 2 2 4 4 INSIDE OF LAYER Border

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

// Get contact and via areas to exclude metal slfots
k_cont = SIZE Contact BY 0.1 /#Size contact up by 0.1
k_Via1 = SiZE Via1 BY 0.1 /Size viat up by 0.1
k_Via2 = S1ZE Via2 BY 0.1 //Size via2 up by 0.1

k_Via3 = SIZE Via3 BY 0.1 /Size via3 up by 0.1
k_Via4 = SIZE Via4 BY 0.1 /#/Size via4 up by 0.1
kK_TVia = SIZE TopVia BY 0.1 //Size Topvia up by 0.1
// Generate odd slots in Metal1(ODD Layer Metal)
widem1a = SIZE Metal1 BY 6.0 UNDEROVER //Size away metal
<=12um
widem1 = Metalt AND widem1a //Get metal >12um
mislotareat = SIZE widem1 BY —1 //Keep slot Turm away from edge

m1isiotarea2 = mislotareal NOT ( noslots OR (k_cont OR k_Via1l)}) /Get final area
where slots can be generated.

m1islot = slot_odd INSIDE mislotarea2 #Use only odd rectangles inside of
m1islotarea?
Metall_op = Metal1_opc NOT m1siot Huse mislot as cookie cutter to cut

out slots in Metall
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A preferred enbodi nent of the invention conprises a conputer system for
determ ning a determ ning the placenent of substantially square slots
representations in a |layout; the |layout conprised of a plurality of
representations of conductive |layers; the conductive |ayer representations
conprised of conductive region representations; at |east one the conductive
regi on representations has a via contact representation between adjacent
active layers; the systemconprising : a neans for determ ning the

pl acement of square slots representations in the layout by the foll ow ng:

a nmeans } en%%ty s%{s%% Sr )errent of the square slot
emeserlf errz S ,@%?a;ézf:zﬁ AL
O

t he 'square

sl ot repr <[ tb %@é étr?x?fé eqrn a nea 5‘)3979& nsi ons of

t he squar 2%0?% pr ’{T‘(ﬂ %?ﬂg&gkg%ﬁ @t(T /%%m ween t he

squar e sl e con re)pfesenta |0n

R
2 acent gﬁg o] ereg S%%rrf%bia‘?%g??gnihe 55 34 %%?f"é’gssﬁ?fﬁgtofg‘?é‘réger

spacing a uare sl Le e |ayer
r epr esent M %’rs t}éﬁ@ﬁ %S?Ogg the m %J‘%ﬁg %;%%%& érlgtr?{P(-’n}’(‘aunedge of
t he squa? 61t ?t@ esentation to the edge of the conductive region

representati on a neans for setting the m nimum di stance between the
cont act )I‘// S tatr o5 nd he Square sl ot represent ation. The listing
p

éa gr e
of the g%;g%g{) % nmeans for" described above.
Not e t hat \é Igul ar shaped because it is easier
widema3 ea wrdem a
m33!otarea1 = SIZE widem3 BY -1
m3slotarea2 = m3slotareal NOT ( noslots OR ( k_Via2 OR k_Via3))

m3slot = slot_odd INSIDE m3slotarea2
Metal3_op = Metal3_opc NOT m3slot

// Same as metal2, uses EVEN rectangles
widemd4a = SIZE Metal4 BY 6.0 UNDEROVER
widem4 = Metald AND widem4a
mdslotareat = SIZE widem4 BY -1
m4slotarea2 = m4slotareal NOT ( nostots OR ( k_Via3 OR k_Via4 ) )
m4slot = slot_even INSIDE m4slotarea?
Metald op = Metald_opc NOT m4siot

// Same as metall1, uses ODD rectangles
widem5a = SIZE Metalb BY 6.0 UNDEROVER
widem5 = Metal5 AND widemba
mb5slotareat = SIZE widem5 BY -1
mb5siotarea2 = m5slotareal NOT ( noslots OR (k_Viad ORk_TVia))
mb5slot = slot_odd INSIDE mbslotarea2
Metal5_op = Metal5_opc NOT mbsiot

// Same as metal2, uses EVEN rectangles
widemta = SIZE MT BY 6.0 UNDEROVER {// 6th (TOP)} metal
widemt = MT AND widemta
mislotareat = SIZE widemt BY -1
mislotarea2 = mislotareat NOT ( noslots OR k_TVia )
mislot = slot_even INSIDE mtslotarea2
MT _op = MT NOT mislot
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to design | ayouts. However, the invention is suitable were netal |ines have
ot her shapes. 27 In addition, in enbodi nents where square shaped slots are
di scussed, other shaped slots are feasible and the enbodi nents are not
limted to square slots. For exanple, slots with symmetric shapes,
especially in the direction of current flow are feasible. In formng a
mask using the enbodi nents 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 descri ption nuq¥ro S %fec&%fc e%.ils are set forth sucQ as

di mensi ons, in order ‘t8 PO GEUHBY 't eoWBﬂBW“tfﬁH@f’g?sa%ww %Eféy?ttcfal
present fgpvieRith@ing 4 HeteMhihlnghBe Ella\dérﬁélﬁ of BEBMERLY SquaBNBos ke drbRdtatibnd fhe art
that the present invention may be racti ced wi thout these details. In

ot her i ngtaynukdhe heout cnm@viﬁﬁdmf@c}é@r@ﬁtmie”emsen@é@ns ddegeduched layerdetlsd | in
order U Mol HANEGESSALI Yo 3RS CHRE, 0L R EARNN BYERLI O L eSS explicitly
stated of F’]\%ilse,yeac Runer car VArue® an range SR oW g b |nst’erpret ed as
bei ng approxi mate as dtfeabhtthecWnd Eondabiowt regidh re@pheXioABRLA] Avia chfiteeeded t he
val ue of the value or range. Wile the invention has been particularly
shown angpesseipiipebetweehadipepbadive davers: tthe systan spmpdsisgbodi nent s t her eof ,

form and detai 15 may MU hOD G e Roore duphrerig Bl s guotdEhRIR-ARRRacs "

of the inhwvasatdyont by thd ®llbwirgnded to cover various nodifications and simlar
arrangenents and procedures, and the scope of the appended clains therefore
shoul d be accorded taiacasdaigsding mickrpreatiat theplasemart afdhesruarigd@s al | such

rg?ifiCa&%ﬂ%%mﬁ@ﬂmﬁkﬁﬂ}éﬁhctﬁh%@@%%ﬂﬁntS and procedures. 28 What is clained

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

a means for setting the dimensions of the square slot representations ;

a means for setting the spacing between the square slot representations
in the conductive layer representations;

a means for setting the clearance between the square slot representations
on adjacent conductive layer representations;

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

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

a means for setting the minimum distance between the contact via
representation and the square slot representation.

The listing of the program above shows examples of the “means for”

described above.

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

to design layouts. However , the invention is suitable were metal lines have other shapes.
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1. A nethod for determ ning the placenent of slots representations in a

| ayout; said |ayout conprised of a plurality of conductive | ayer
representations; said conductive |ayer representation conprised of
conductive region representations; at |east one said conductive region
representation has a via contact representation between adjacent active

| ayers; the nethod conprising the steps of: setting a reference for a

pl acenent of said slot representations with respect to said |ayout;
setting the m ni mum di nensi ons of said conductive region representations in

whi ch said slot repr q%%@aaﬁohpi@l%n%cﬁira&ﬁg%ﬂére%agé&agageﬁ%lﬁéé@@%éce&%d,of sai d
sl ot representations; setting the spacing between sl'ot representations in

conduct i viet shaped slpspreSesibltandribe embodimeytstanend|lpaitalio sqipet weenFohe sl ot
representatigns.agn adj acent .canductive.layer, represeptations; setting a
oot o ARy R SPRS RPEE RS YR e SERIEE SN Bab P

conduct i %@sibpyer representations; setting the m ninum di stance fromthe

edge of said slot representations to the edge of said conductive region
representations; and 8demping ammskisigriherebedimese dfdrevivrentiva) Bewbiavecont act

represent af j nd said sl [-e sent at } 2,.The .method of claiml

whor o n bt APCLFRL el BlsasFRRY PERRE b AL e TEAC0R B
claim 1 whepetent s8hd sedhalsobiaive odnshidipe nigkgcted from the group consisting
of : substantially square, substantially circular, substantially hexagon,

and substantially octagon.
In the above description numerous specific details are set forth such as

dimensions, in order to provide a more thorough understanding of the present invention. It
will be obvious, however,.to one skilled in the art that the present invention may be
practiced without these details. In other instances, well known process have not been
described in detail in order to not unnecessarily obscure the present invention.

Unless explicitly stated otherwise, each numerical value and range
should be interpreted as being approximate as if the word “about” or “approximately”
preceded the value of the value or range.

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

arrangements and procedures.
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4. The nmethod of claim 1l wherein said conductive |layer representations
represent conductive |layers used in connecting circuit elenents in a

sem conductor device. 5. The nethod of claim1l which further includes: 29
said slots have a shape selected fromthe group consisting of:
substantially square, substantially circular, substantially hexagon, and
substantially octagon; said reference for the placenent of said slot
representations is a corner of said I|ayout; setting the m ni mum di mensi ons
of saiggonductdiMe region representations in which said slot
representations are inserted in, to a length greater about 12 mand a

wi dth great@hod kandabebinid2tHd plselirhéthikhes diprensianssoh adaysuts| ot

representations to about 2 by, about .2 m,or. about 4 square m setting the

Spac ng bet LRy PRe Engts kit e S B PR SR Er Te T ayer

r epr esent atshiohcdraluaboaiayér represettdtimgedrhpristdealr @amcleichee wegont he sl ot

repres%ggg%%%ﬂ§n%n adj acent conductive |layers representations to about 1
etilng

m s e stagger spaci ng between rows of adjacent sl ot

r epr esent atat dasst pme 2pid icpgtlectiveosgivatiepEeseigtion has priéa eprtath 'SRTesenEbont 0 m

settingegﬁﬁnqk@kggpagﬁéqgﬁgg fromthe edge of said slot representation to
t he edge OL sai d conduct’] ve.regi on_representation to about 1 m and

setting thé ﬁPﬁﬁHﬂﬁFﬂPQP§H§§hB§‘Wﬁéﬁ‘said via contact representation and

said slot seepiesaft@htofortagplabendntbf mridslotieprarehtatidnefvitl akspred tekaich

furthggg&ﬂfludes outputting the placenment of said slots representations.
e

7. Th conductor device forned using the method of claim1.
setting the minimum dimensions of said conductive region representations in

which said slot representations are placed;

setting the dimensions of said slot representations;

setting the spacing between slot representations in conductive layer
representations;

setting the clearance between the slot representations on adjacent conductive layer
representations;

setting a stagger spacing between rows of adjacent slot representations in
conductive layer representations;

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

setting the minimum distance between said via contact representation and said slot

representation.

2. The method of claim 1 wherein said slots have a substantially square shape.

3. The method of claim 1 wherein said slots have a shape selected from the group
consisting of: substantially square, substantially circular, substantially hexagon, and

substantially octagon.

4. The method of claim 1 wherein said conductive layer representations represent

conductive layers used in connecting circuit elements in a semiconductor device.

5. The method of claim 1 which further includes:
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8. The mask forned using the nethod of claim1. 9. The conputer data

generated using the nethod of claim1. 10. A nethod for determ ning the

pl acenent of substantially square slots features in a |ayout of an

integrated circuit design; said |layout conprised of a plurality of active

| ayers; said active |layers conprised of active regions; 30 at |east one

said active regions has a via contact feature between adjacent active

| ayers; the nmethod conprising the steps of : setting a reference for a

pl acement edidstdtd haquarshast ailsctée alout ehangohpreespietihg b substadtihlhy sguare,

setting, the.m ni.mum di SiQ f said acti,ve r.eg.o in.which sald square

slots Sg}?%tﬁ?m sc‘é“r@}‘bﬁﬁﬁﬁaﬁ‘“@iﬁ ﬁ?xﬁéof‘ he' d?lﬁ%’ﬁa‘srftba%l ngaf%og]’( d square sl O'([:]

features; satitriefigendedos facplagerberivwdenid slet sypuecatadicons s § eaingr essad t he sane

actiV@%&ggion; setting the clearance between the square slots features on
ent

adj ac active layers; setting a stagger spacing between rows of adjacent

squar e sIoﬁ@ﬁﬁédbﬁﬁ§§hpﬁnb%WﬁﬂwéﬁﬁﬁVéaV%VEF%F“§%F%¥%@r%ﬁ@“ﬁ?#ﬁﬁﬁﬁﬁd!stance
from the £498 e{[?(%ti 1«%81-(%%12&%%? afl Qo &8 (68 1k %?ea@&%o_u@fm 2@k ghagtive

region; and se m ni mum di st ance sald via contact feature
and saiidtisgtare thhobbofiel uhe. 11. The nmethod of claim 10 wherein said
| ayout conprises initial slots that are added before the determ.ning the
pl acenment cettinptheqiiareasiongos saididotrepsanREPRhE sRBIvEHE by:aberhd 871 9 ng
t he ingtipﬁ sl ots _as non-active areas.
about 4 square um;
setting the spacing between the slot representations on the same conductive layer
representation to about 4 pum ;
setting the clearance between the slot representations on adjacent conductive layers
representations to about 1 pm;
setting the stagger spacing between rows of adjacent slot representations in a single
conductive region representation to about 0 pm;
setting the minimum distance from the edge of said slot representation to the edge
of said conductive region representation to about 1 pm; and
setting the minimum distance between said via contact representation and said slot

representation to about 1 pm.

6. The method of claim 1 which further includes outputting the placement of said slots

representations.

7. The semiconductor device formed using the method of claim 1.

8. The mask formed using the method of claim 1.

9. The computer data generated using the method of claim 1.

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

said layout comprised of a plurality of active layers;

said active layers comprised of active regions;

30




12. The method of claim 10 wherein said active |layers represent conductive
| ayers in a sem conductor device. 13. The nethod of claim 10 which further
i ncludes said reference for the placenent of said slots is the bottom| eft
corner of said layout; setting the m ninmum di nensions of said active
regions in which said square slots features are inserted in to a mninmm
| ength of about 12 mand a mnimmw dth of about 12 m setting the

di mensions of said square slot features to about 2 mby about 2 m setting
t he spaci ngt kettweernaddhectsquagersihots fieatumesfeonirt betvgeameadjateiny ectiegi on to
about 4 m ;setiing the clearance between the square slots features on

adj acent activé layers to about 1 m 31 setting the stagger spacing

bet ween r o¥ige @Fftlmfi/%@mw@adh?éte@ﬁ@fs in the sane netal area to about 0 m

setting the m nkmup,dietanee HF aPIileedeesal sjahth Sedsfusd Rithfegidies to
the edge of, said active region to about 1 m and setting the m ninum

di stance b&t\WeBho%aid via contact feature and said square slot feature to
about 1 m sddingThe nmimirhach dfmelsiorm dGaishactivefragivhein ivbidtuséd squinputdts ng t he
pl acenent. of hd_ssquare slots features. 15. The sem conductor device

for rregga&?fer?gar?%ﬁeacrer%t.hod of claim10. 16. The mask forned using the nethod
of cl ai m 1Gettifg HPdinsospusef sadtsgugendpbicetirasi ng t he net hod of cl ai m 10.

18. The coppygrinkk é&ﬁﬁgé%eﬁq}@% uPRI QL Megrdshe: tRtkhed Lfivelalisn10. 19.
A comput er | nplenent ed ﬁghod for determni r}g t he pl aé:,errent of
subst ant i alsgti;mg the clearance between the square slots téatures on a Jacent active layers,'
setting a stagger spacing between rows of adjacent square slots features in said
active layers;
setting the minimum distance from the edge of said square slot features to the edge
of said active region; and
setting the minimum distance between said via contact feature and said square slot

feature.

11. The method of claim 10 wherein said layout comprises initial slots that are added
before the determining the placement of the square slots;

the method further comprises: classifying the initial slots as non-active areas.

12. The method of claim 10 wherein said active layers represent conductive layers in a

semiconductor device.

13. The method of claim 10 which further includes
said reference for the placement of said slots is the bottom left corner of said layout;

setting the minimum dimensions of said active regions in which said square slots
features are inserted in to a minimum length of about 12 pm and a minimum width of
about 12 um;

setting the dimensions of said square slot features to about 2 pm by about 2 pm;

setting the spacing between the square slots features on the same active region to

about 4 um;

setting the clearance between the square slots features on adjacent active layers to

about 1 pm;




square slots features in a layout of an integrated circuit design

providing a | ayout conprised of a plurality of active layers; said active
| ayers conprised of active regions; at |east one said active regions has a
via contact feature between adjacent active layers; the nmethod conprising
the steps of : setting a reference for a placenent of said square sl ot
features with respect to said |ayout; setting the m nimum di nensi ons of
said active regions in which said square slot features are inserted in to
a mni mum Iseng{gmh@fst@%@uspak&grbamea rioivBiofutjaskat dayuafe slalsontthd 2arpamesatt t i ng
t he di nensions of said square slot features are about 2 m by about 2 m
settiﬁﬁe%ﬁbﬂ§ﬁ§éhﬁﬁibetmeen the square slot features on a single active

region to ahewt e MiniddudeiidthA@ b Bk easaneaileguernlditheasataioahslkage
features on adjacent active layers to about 1 m setting a stagger spacing
bet weerf seishactiole ragicadesbosgliarea8flot features in the same active area to

about 0 m s%ﬂh{g i@% ARSI DA 3 EBRGEs fifl O {8 8 WU ariBbHdSgUAFEs18 Ot
features to t edge of sald active region to about 1 m and setting the

m ni mfenidirs t@aeeitdetmeen sai d via contact feature and said square sl ot
feature to about 1 m 20. The nethod of claim 19 wherein said reference for
the placenment of said square slot features is a corner of said |ayout. 21
The nethdcheohiediog shclamabwbich fusihgr srpliades aitputtingthe pdacemeat ohpaidant i al | y
square. 2Z.uihesgBtibad-&f claim 19 wherein said square slots features

repr esent s&uare shapes

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

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

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

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

19. A computer implemented method for determining the placement of substantially
square slots features in a layout of an integrated circuit design;
providing a layout comprised of a plurality of active layers; ‘
said active layers comprised of active regions;
at least one said active regions has a via contact feature between adjacent active layers;
the method comprising the steps of :
setting a reference for a placement of said square slot features with respect to said
layout;
setting the minimum dimensions of said active regions in which said square slot

features are inserted in to a minimum length of about 12 pm and a minimum width of

about 12 pm ;

setting the dimensions of said square slot features are about 2 pm by about 2 um;
setting the spacing between the square slot features on a single active region to

about 4 um;
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with | engths and wi dt hs of between about 0.5 and 4m 23. The nethod of
claim19 wherein said active areas are defined using 0.13 mand 0.09m
ground rules. 24. The nmethod of claim 19 wherein said |ayout is represented
by a GSD format file; said layout is conprised of |ayers; said |ayers are
conprised of active layers and square slot layers; said |layers are
represented by a GDS | ayer nunber; said active |layers are represented by a
GDS | ayer nunber and first data type nunber; said square slot |ayers

r epr esent edetbivipah&Batayebetwisdretheandasatarfdattiaécon ydacernuaties Jayblretoact i ve
| ayers and square slot layers in the same | ayer have the same GDS | ayer
numberbput 1 8% f erent data types nunber. 25. The nethod of claim 19 wherein

the pl acen%&&ingfa $thex SaPakitg Dbl Ser! RATLEEARISRRPEIRES slot GRNa1H B Sahd
square slot representations; and using a |ogical "NOT" operation to not
out slagtige prpagaiatont? e |ayer in a data file that is used to fabricate a

mask. 33 2 el al .8l ; . Sal CLd
%ett?%%{ﬁhﬁﬁﬂm% AR fﬂ@m‘@gg E&%ﬂo@:&alé ﬁ@%&m%ﬁﬁ (oftusaird tRebiye

regi ons has a anascene shape. e met of claim 19 wherein
sai d adtaiveactiegiregiontepbestehgmpendl |ines, pads, and via contacts. 28. The

sem conduct or,. deui ce. f.or - US| 3 - i .
formed usi nsge Etf %Mqﬁe%hndﬁmoﬁ %ésll’g%ik%%fg&g‘ggsélaﬁga g%%%tt? grﬂué‘g?%d g%ﬁé:r&g? %égﬁléjé; ng
t he ngtdraee af alehailmmd9. 31. A semiconductor device conprising: a plurality
of netal |ayers over a substrate; said netal |ayers conprised of netal
ar eas;

20. The method of claim 19 wherein said reference for the placement of said square slot

features is a corner of said layout.
21. The method of claim 19 wherein said square slot features are substantially square.

22. The method of claim 19 wherein said square slots features represent square shapes

with lengths and widths of between about 0.5 and 4pm.

23. The method of claim 19 wherein said active areas are defined using 0.13 pm and

0.09um ground rules.

24. The method of claim 19 wherein said layout is represented by a GSD format file; said
layout is comprised of layers; said layers are comprised of active layers and square slot
layers;

said layers are represented by a GDS layer number; said active layers are
represented by a GDS layer number and first data type number;

said square slot layers represented by a GDS layer number and second data type
number;

the active layers and square slot layers in the same layer have the same GDS layer

number but different data types number.
25. The method of claim 19 wherein the placement of the square slots features comprises:

generating said square slot representations; and using a logical “NOT" operation to

not out slots in said active layer in a data file that is used to fabricate a mask.

33




via contacts between said netal layers; square slots in said netal areas;
said square slots are substantially square; said square slots positioned
as follows: said square slots placed with respect to a reference point;
said square slots positioned only in netal areas with di nensions greater
than a mninmum netal area di nensions; a spacing between said square slots
on a single netal area; a stagger spacing between rows of adjacent square
slots in the same netal layer; a clearance between said square slots on

adj acery TRBh@athbAYEERimaIW dromatdbst ane of fdiamctiheredge lofs sdng square
slots to the edgf q% said netal areas; a mninumdistance between said via
contact an8®8EPd§qaFe slots. 32. The seniconductor device of claim 31
that further conprises-: said reference is a corner of said |layout; said

| ayouty haKL Aol 8P LAY ARANEIa (AN UM A A FRodiLROSkons are

a ninlnun1Feng mand a m nPmum out said
squar e sl oviagianéad$s.on is about 2 m by about 2 m 34 the spacing between
said square slots on the sane netal |ayer is about 4 pm the clearance

between said square slofs. on adjacent tal | rs.ig,about 1 m said
squaréﬁ%ﬁgF§mW&PWﬁ§C5“§@¥5§2?“§' Bﬁﬁ@tggPﬁﬁgﬂgﬁgﬁénﬁﬁgadjacent square slots
in the sane netal |ayer to about O pm the m ninmum di stance fromthe edge

of sai uare,slots.tao. the e f [ tal areas is about 1 pm the
nininﬁ%? g% 5%%3088§%é§ﬁ%2§F&ggﬁgggéﬁgggﬁggnd said square slots is about 1

30. The computer data generated using the method of claim 19.

31. A semiconductor device comprising:

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

via contacts between said metal layers;

square slots in said metal areas;

said square slots are substantially square;

said square slots positioned as follows:

said square slots placed with respect to a reference point;

said square slots positioned only in metal areas with dimensions greater than a
minimum metal area dimensions;

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

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

a clearance between said square slots on adjacent metal layers;

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

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

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

said reference is a corner of said layout; said layout having a rectangular shape;
said minimum metal area dimensions are a minimum length of about 12 um and a
minimum width of about 12 pm;

said square slot dimension is about 2 um by about 2 um;
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pm 33. The sem conductor device of claim31 wherein said square slots are
conprised of dielectric material or conductive material. 34. The

sem conduct or device of claim 31 wherein said square slots have a di nensi on
of between about 1.9 and 2.1 pm 35. The sem conductor device of claim3l
wherein said netal areas are conprised of copper alloy and have a dual
damascene shape. 36. One or nore processor readable storage devices having
processor readable code enbodied on said process readabl e storage devices,

sai d processekp ﬁﬁﬁg@bdveec@mﬁi E@iare RIRYHRARE DEnORRtD Ny LaHAAGEEOr S 10
performa nmethod of determ ning the placenent of substantially square

sl ot s repr ebenteatdrandelwean $aay ogoareshits oh agpgentvonit layeds shbaupl ural ity of
repr esent atlgng.af. GORGHCH ygséagé I Sia cﬁqgalgclt%m&&g YPadiBNRH: L ERIRRRNLAL T ONS

conprised 0O tive re ons one sai
condumh¢Wﬁn@ﬁgﬁﬂﬁay@pbabentapnons has a via contact representatlon bet ween

adj acent active | aye t he risjng the ste it

ref erence f annBPg8b§§H¥m8 HE%I mf(%réa% E?%%P%H@ﬁﬁa ons ﬁ??%%?espect
t 0 Saiygbdsay gbibut 1S@it i ng the nlnlnun1d|nen5|ons of said conductlve reglon
representatjons in whi ch, said square sl ot resentati ns ar ced;
Gelting t hehamieHghbneSEree bR S i vE Sr s praser d vt ot ‘S abef t he
spaci ng, between the square slot representations in a S|ngle conductive

| ayer ‘representation; 35 setting the clearance between the square sl ot
representations on adjacent conductive |ayer representations;

33. The semiconductor device of claim 31 wherein said square slots are comprised of

dielectric material or conductive material.

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

between about 1.9 and 2.1 pm.

35. The semiconductor device of claim 31 wherein said metal areas are comprised of

copper alloy and have a dual damascene shape.

36. One or more processor readable storage devices having processor readable code
embodied on said process readable storage devices, said processor readable code for
programming one or more processors to perform a method of determining the placement
of substantially square slots representations in a layout;
said layout comprised of a plurality of representations of conductive layers;
said conductive layer representations comprised of conductive region representations;
at least one said conductive region representations has a via contact representation
between adjacent active layers;

the method comprising the steps of:

setting a reference for a placement of said square slot representations with respect
to said layout;

setting the minimum dimensions of said conductive region representations in
which said square slot representations are placed;

setting the dimensions of said square slot representations-;

setting the spacing between the square slot representations in a single conductive

layer representation;
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setting a stagger spaci ng between rows of adjacent square sl ot
representations in a single conductive region representation; setting the
m ni nrum di stance fromthe edge of said square slot representation to the
edge of said conductive region representation; setting the m ni mum di stance
bet ween said via contact representation and said square sl ot
representation. 37. The storage device of claim 36 which further includes
said reference for the placenent of said square slot representations is a

corner of  Sahd h2YRULinSBLELAG HIRILA MWD AL IENRLONS offadpRlfh conductive

region represe {3 square’s representations are
i nser ceddugtivedagenieprepgniatomgt h of about 12 m and a mi ni num wi dth of about

12 m; settdofighd b Qta%?@eﬂ:ﬁi &fzvc%ﬁh Sws BadR S tauh RMISS@PEaLhRfidnE O about
2 n1by about t he sgaC|ng bet ween the square sl ot

repre§éﬁi%f@6ﬁ§j6ﬁlFﬁ@“§ RESE0RUGBL i ve region representation to about 4 m
; setti ng Eﬁﬁn(gltﬁ@.h&ﬁﬁﬁuhﬁ&iMe tilven siquadge oflsald spreslentgtreemsatom &dj acent

condu sentatio t 1 m settlng t he stagger spacing
betmegﬁ 06?1 80553%?@regon1@§1 nt?&e)%gesentatlons in said conductive

| ayer repre@@n@dhﬁ@mgHDDHB@QUnm@bﬁhN@@%%ﬂ%gkiméﬂmﬁmﬂﬂﬁﬁﬂdﬂ%@%ﬁﬁésmﬂon1the

edge Qﬁuﬁﬂhﬁbﬁﬁﬁﬂk@néﬁﬁh representation to the edge of said conductive
region‘representations to about 1 m setting the m ni num di stance between

said via contact representation and said square slot representation to

abOUtiﬁ?Hhc%&naJ@aeﬁk@bﬁ@@uﬂ@ﬁhﬂ@cﬂﬁuﬁh@hﬁhﬁﬁkﬂh|ch further includes

outputting t. said e s
P 9 sai epe1 A& RN rthe pIacemu1t S squall QLR L ERLES AL 1% 0rmer of

said layout;
setting the minimum dimensions of said conductive region representations in

which said square slot representations are inserted in to a minimum length of about 12 um
and a minimum width of about 12 un ;

setting the dimensions of said square slot representations to about 2 um by about
2um;

setting the spacing between the square slot representations on the same conductive

region representation to about 4 pm ;

setting the clearance between the square slot representations on adjacent

conductive layers representations to about 1 pmy;

setting the stagger spacing between rows of adjacent square slot representations in

said conductive layer representations to about 0 pmy;

setting the minimum distance from the edge of said square slot representation to

the edge of said conductive region representations to about 1 pm;

setting the minimum distance between said via contact representation and said

square slot representation to about 1 pm.

38. The storage device of claim 36 which further includes outputting the placement of said

square slots representations.

39. A computer system for determining the placement of substantially square slots

representations in a layout; said layout comprised of a plurality of representations
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39. A conputer systemfor determning the placenent of substantially square
slots representations in a |ayout; said |ayout conprised of a plurality of
representations 36 of conductive |layers; said conductive |ayer
representations conprised of conductive region representations; at |east
one said conductive region representations has a via contact
representati on between adjacent active |ayers; the systemconprising : a
means for determ ning a placenent of square slots representations in said

| ayout by dfhendadthavibngs; @ideandudtor 1spitiepgsantagbas eneeribed of he pl acement

of said square slot representations, th respect to id |l.ayout; a neans
For “Set t1 ngC PSRRI G RETE DRl Teat A e SRucr Jstr ey
r epr esent atrepreseitatinhg bis s giadontprareprshottatiepbeyamnadjonst agtve lagestidd i n;
a means forgsehting-tihg.di mensions of said square slot representations ; a
nmeans for setting tﬁe spaci ng between the square slot representations in
said conductive |ayer representations; a neans for setting the clearance

bet ween t he saua Rr Sl nliRkesERtE&hEONS sglarcdpReepiesaaadunt invaid Ryt
repre enéatlgnsi a neans for setting a stagger spacing between rows of
adj ac SAOUP® W ot representations in said |ayer representations: a
means for sewthmglot hetimgm mtereddestoatioepfacomethef ;edle)wfre shit depgeartatighot

repres i (0] £.8dge of said conductive region representation; a
neans‘%ggqéggﬁ?%ﬁm%geyng%inun1distance bet ween said via contact-via

r epr esent at # sreaaAdOsEIthGGarsigier diepresenthid O AondrtiveHES®8nput er syst em
of ¢l aloM 3 WBeHS N chillBaNSfsRit rasteaEMaAbAgalcNBsdt@CReNt of square
slots repr eg %]éa%g or Setting {he dimensions of said square slot representations ;
) of said sq p ’
a means for setting the spacing between the square slot representations in said
conductive layer representations;
a means for setting the clearance between the square slot representations on
adjacent conductive layer representations;
a means for setting a stagger spacing between rows of adjacent square slot
representations in said layer representations;
a means for setting the minimum distance from the edge of said square slot
representation to the edge of said conductive region representation;
a means for setting the minimum distance between said via contact-via

representation and said square slot representation.

40. The computer system of claim 39 wherein:

said means for determining the placement of square slots representations in said
layout further includes:

said reference for the placement of said square slot representations is a corner of
said layout;

said means for setting the minimum dimensions of said conductive region

representations in which said square slot representations are inserted in to a length greater

than about 12 pum and a width greater than about 12 pum;

said means for setting the dimensions of said square slot representations to about 2

um by about 2 um;
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| ayout further includes: said reference for the placenent of said square
sl ot representations is a corner of said |layout; said neans for setting

t he m ni num di nensi ons of said conductive region representations in which
said square slot representations are inserted in to a length greater than
about 12 mand a wdth greater than about 12 m said neans for setting the
di nensi ons of said square slot representations to about 2 mby about 2 m
37 said neans for setting the spacing between the square sl ot

repr esent atsh RN foh8ettG@NHEShANRY bayRlentBPL§SARIRItirOPRstidta8bAtIbN 4hén sai d
means for setting the clearance be%meen the square sl ot representations on
adj acennduetithiaypyveepreseaiaionspp ebentabions to about 1 m said means for
setting the, i 39061 r% @@Qﬂl%th%kﬁ@ﬁﬁe WS th@%ﬂ&%@oﬁ%gﬁs@ngﬂﬁis bn
representations in a single conductive region representation to about 0 m
sai d regarenf omdetivi higyerhepressntatimnditerhnae! fimrom t he edge of said square

slot representallo rtsc?ttitn'gfetgrg‘!g%tggzlf sr%a%ir%eﬁé%%ﬂﬁ%%g.oﬁg aQ&t[ic;gBEFés‘?Sha.“ on

to about 1°n1 "~ sai d neans m ni nmum di st ance tween said via

cont agkpfephtasent at a singhncbrelicdve geoe rghrotentarereaticatt dommt o about 1 m

41. The syst%p1of c%)aimBgt ich.furtheg i”ﬁ|Udﬁ$ a, means. for outputting

the pl acensAtd MEANEIOFr FeUhgthe MIngPEn} diSanse Ry fipalgedg said squares
representation to the edge of said conductive region representation to about 1 pum;

said means for setting the minimum distance between said via contact

representation and said square slot representation to about 1 pm.

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

of said square slots representations.
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