METHODS FOR ANALYZI NG CELLS OF A CELL LIBRARY TECHNI CAL FI ELD 100011

Enbodi nents of the subject natter generally relate to sem conductor device
structures and rel ated design and fabrication methods, and nore
particularly, enbodi nents of the subject matter relate to nethods for
analyzing cells of a cell library after being placed and routed in a
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sufficiently large area) that may be used to form connections to the pins and facilitate routing
to/from placed instances of the cell by the routing tool without violating design rules.
However, the ability of the routing tool to route to/from each placed cell will vary depending
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possible connection location, determining a utilization metric for the celf based on the number
of times that each respective possible connection location is utilized in the layout, and
displaying the utilization metric on a display device.

[0006} In yet another embodiment, an apparatus for a computer-readable medium having
computer-executable instructions or data stored thereon executable by a computing device is
provided. When executed by the computing device, the computer-executable instructions are
configured to obtain a layout representative of a netlist, identify cach instance of a first cell of
a cell library utilized by the layout to implement the netlist that is placed in the tayout,
determine a utilization metric for the first cell based on routed connection locations for a pin

of the first cell utilized in the fayout for the identified instances of the first cell, and display a
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BRI EF DESCRI PTI ON OF THE DRAW NGS 100081 A nore conpl et e under st andi ng of
the subject matter nay be derived by referring to the detailed description
and cl ai ms when considered in conjunction with the follow ng figures,
wherein |ike reference nunbers refer to simlar elenents throughout the
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utilization process suitable for use with the analysis process of FIG 4 in
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figures, wherein like reference numbers refer to similar elements throughout the figures,
[0009]  FIG. 1 is a block diagram of an electronic device design system in an exemplary
embodiment;

[0010] FIG. 2 is a top view of a pin layer of a standard cell suitable for use with the
electronic device design system of FIG. 1 in an exemplary embodiment;

[0011}  FIG. 3 is a top view of the pin layer of the standard cell of FIG. 2 illustrating
possible connection locations for the pins of the standard celi in accordance with one
embodiment;

[0012] FIG. 4 is a flow diagram of an exemplary analysis process suitable for use with the
electronic device design system of FIG. 1 in an exemplary embodiment;

[0013] FIG. 5is a flow diagram of an exemplary utilization process suitable for use with the
analysis process of FIG. 4 in an exemplary embodiment;

{0014] FIG. 6 is a schematic view of a graphical representation of the standard cell of FIG.
2 and corresponding utilization metrics displayed on the display device of FIG. 1 suitable for
use with the analysis process of FIG. 4 in accordance with one embodiment; and

[0015] FIG. 7 is a schematic view of a graphical representation of utilization metrics
corresponding to the standard cell of FIG. 2 displayed on the display device of FIG. 1 in

accordance with another embodiment.

DETAILED DESCRIPTION
[0016] The following detailed description is merely illustrative in nature and is not intended
to limit the embodiments of the subject matter or the application and wuses of such

embodiments.  As used herein, the word “exemplary” means “serving as an example,

-
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100151 FIG 7 is a schematic view of a graphical representation of
utilization nmetrics corresponding to the standard cell of FIG 2 displayed
on the display device of FIG 1 in accordance w th another enbodi nent.
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al though FIG | depicts the design tool 104, the synthesis tool 106, the

pl acenent tool 108, the routing tool 110, and the analysis tool 112 as
separate el enents, in some enbodi nents, the design tool 104, the synthesis
tool 106, the placenent tool 108, the routing tool 110, and the analysis
tool 112 may; e ' ifng | e by the
conmput i ng dev?%glTgbgﬁahﬁghé&%ghgmﬁggrth% %@%qugwﬁ%m%%ub?@dg ‘0 the
conputi ng dé¥A'eEnaPY AhdntBhwRbits yor ébﬁé§@W®§kmh@Sphys¢cammceMp0ment of the

el ectroni c desinael d@tsthg@ymé:ﬁt R Jb@thc]%tEJh&U{o@M 0k, Qb nﬁ%ﬁ"to%l U8Shy pgUch as a
circuit de5| ner, ? desi gn_ t ool and/or o

el ements of ‘Tha efe CV OWWC d5V$@?Qdé@|bﬁm@9§?%ﬁ¥ﬂG@“ﬁ%@@aﬁﬁﬁv@hﬂﬁonal
manner . DepewmwngyEWCQh@ enbodi nent, the user |nterface 102 may be realized

as a keyboarghio MOy €, a or..Louchs or anot her
suitabl e devieée ad ps%l%#%ggggélvg%ﬁpdg qFHm% Ying Sayice aﬂ §ﬁﬁﬁﬁ ng device

120 gener al I'P's@prissints! eorwortvar o weer eecterdy dovicd dasmrselnclomrpmﬁgnetdsm confi gured
to inpl erT'en'Ea]IdNa Qieh%ﬁtw a%%t ﬁl’éﬁpti@sﬁnél ht% 1Elt@1§ét%httﬁeoées&rp ! 'f[nean@& (%tlheSI s tool
106, the pl q ng i t ool t he routlnﬁktoo 10, and the anal'ysis tool
112 to supp&rt®Ep P‘ﬁf’ie?f‘r‘?“‘B Yo oSN SKE FHn u@tﬂee@néie@ap@eh %ﬁybsltd@mmloo as
descri bed | rhegmemleemt diet @&bd inleghoewn2 The be eapst la@g kEL@Ydr& nobd 1By e

i npl enent ed oce el rocessing |l ogic

conf i gur ed {Ogghcl%.?(?t&l %0%913%@%151P?@n@{helosﬁga%% I‘f@ géo ]%(éehvﬁ 1mgnw§%?sﬁ[g t aSkS
descri bed h@t“’e‘ioﬁlpml“ﬁ dariceehe8 replesally remdsodi themldwatmeudml sphay deyiers 114 is

real i zed asccatngteédemntmef& oqibﬁamyetettﬂt th §es%ﬁ[9€ft’{b'4 tﬁefjty}{t??sté (SRRl §d o the

conmput i ng dQV|ce 120 and configured pin’ Utilization
netrics or 5?ﬁ@?“5?hm§dﬁﬁewﬁﬁﬁptvorﬁ@&?ﬁ%@ﬁéﬁxuhﬁétﬂ@mmmwemmobfmhe anal ysi s

tool 112 andﬁmbmcuwnuwmngsﬂeuﬁca)éﬁ&mxméﬂﬁ%ﬁiwl&m@ﬁm%&e”ﬁk%&¥t@Q?Od'"E”t

the design f4 " 20 n]ere ts the software nodul e executed or
ot herwi se |%8ﬁ%%éﬁ4 P%E @% g*dﬁngVﬁg‘H@b?@éﬁ%%bOtﬁae preceysdigflPgiar ed to

support h|g%mf%weﬁ0®Uﬂewﬂwﬁekn@$ﬂ@hmmmdesigmmﬁhgmgemaumkehmawIﬁupportlng a

sui t abl e hag@wase eﬁtgéﬁﬁdnptﬂﬂeod]splla?QQH@EQF]4(1§‘regltz’cd yer il elgcgbmc dis Tyt [ dhe like).

A user (e.g., a circuit designef) ufi herw S&° 0 A& the user

interface 1099"HEc3iMtheroueied WitharopReing deviegr 20 @)@ICOIlf&EIJe@ o gd?eblcaﬂv ldeplayr ot herwi se

define the pintiended mtuincd opaalil dinfivia u%ﬁn%ﬂntun@e?c@n@ol%‘?@n@%ﬁ@ms F&Qﬁ synthesi s
e

tool 106 ge represents the software nodul e executed or otherw se
|nplenentedﬂg ﬁvhxm%mﬁﬁﬁfYﬁaﬁgeV|ce 120 that is configured to interact with

the design &8l h0# camolagommvieditetthibe iie?.t@,emﬂemzt@ie:ghﬁli/ eyelenk tRGEHARAl I ty
provi ded t anddlig cdesi into n.netlist that
descri bes t]Fle : ﬁst andgoggtthtg%se tlngﬁetrg){te@‘b}jt%gco Bt}ngg%\hceqi}]tg?tmu Buie ngonent S
(e.g., the tRAgB&ishfevet 6@‘?0801135“{”@3“ @ﬁmﬁ{fpl vonporrentpodnda titeblnbadyeres t her eof )

al ong wi t h ct:sttepte@narng@@@nq, Mgkt 9[‘1@@“6‘19@1& i)s Needed. t.o Ly t the
i ntended fungcti 10021 The(g“ggenent G ’qCUIHp&gg%BaI

represents T ms%b%%h%geqﬁﬁﬁﬁpeL@%é%ﬂﬁ@ﬁl Hodﬂ%%¥uﬂ§§wﬂﬁﬁ%éﬁgdWE@ by t he

conputi ng d@wu@eer&nmhamﬂhstcomkh@ﬁneﬂm&ﬁm&eﬁedaﬁmthﬁb@@éﬁ@ﬂ figdi st from

t he synt hesisneti®ahoi 108 .SeLACt nd s fromthe standard cel

library 116hnge ed to Rﬁ &%qﬁg ?ﬁ%ﬁb ﬁ% ﬁ%mﬂﬁtggm‘nﬁfﬁwe 8F fREeSconponent s

speci fi ed b@mﬁﬁﬁmﬂé%ﬂﬁﬁmﬁwﬁmﬂéwweéﬁuhﬁmuwnﬁwk#tmmamewhhehsehgcmed st andard

cells. In tid ﬁndrc&g@ft Ghe 1Et@ﬁie§5%ﬁl@@51¢u&:ﬁ$ atitd prK/ﬁécV tojtﬁ:)l'CG ?&Pﬁ)&a oh %ﬁl’ epresents a
C

col |l ection of dardl ed ce wher ei n” eac el st ahdard cel
library 116°% é %“H%ttéle Stlf%ud‘ég*"g%téted?sf%&%t\&ge sEenpufentedapapice of being
|nplenEntedmmwn@héepaméWﬁubﬁbg&@h&hﬁ&%h@&p&ﬁﬁbﬂﬁh&QMm@@fh&@ﬁhﬂ%kOQY node),

and each c or ..stand the other cells of
t he standar%I m@?ﬁm%ﬁﬁngﬁﬁﬁiégmm Sfmﬁia Tq“m@&§%m§wgaaawumu@1| in the

standard cell library 116 may have the sanme cell height that corresponds to
t he nunber of horizontal routing tracks or a nultiple of the m nimum poly
pitch for the particular fabrication technology. In accordance wth one
enbodi ment, each standard cell in the standard cell library 116 has the
same di stance (or cell height) between two parallel supply voltage rails,
as described in greater detail belowin the context of FIG 2. In practice,
the standard cell library 116 may be stored on, encoded on, or otherw se
enbodi ed by any suitable non-transitory conmputer readabl e nedium as
conput er - execut abl e instructions or data stored thereon that may be
accessed and/or executed by the placenent tool 108 and/or conputing device
120. 100221 The routing tool 110 generally represents the software nodul e
executed or otherw se inplenented by the conputing device 120 that is
configured to receive the placed standard cells fromthe placenent tool 108
and |nplenent one or nore algorlthns to optlnally |nterconnect and/or route

. o, -,



6 the electronic device design system 100, in sone enbodi nents, the router
technology file 118 nay be a conponent of the routing tool 110 or otherw se
i npl enented by and/or integrated with the routing tool 110. 100231 In the
illustrated enmbodinent, the analysis tool 112 generally represents the

sof tware nody exec r, qt enented. by the conputing device
120 that i sdlc!(])ﬁ )H?e Eé qjel% tB‘?a{bg gteﬁeégléd%ffs el S&Wﬁ mditly eFgerted Prom t he
routing tool Oﬂﬂ\ﬂse @éiﬂ@?lmdrbe thet domputiag Hevive nEft thit Gsoof Ryret! Rereph@cRiesgaNdar d

cel I's from tihgisstandaiphaesl lool 1dor &% b § Gt er, 5e
graphical l'y pr eient Sg] uti | zation trrstqaat %‘%%ﬂggg?%& S{Fll}d ?581 @Jéw (J:g6 114, as
descri bed i MeHFeat Birlegeeiadhy logie|sews andier badvexesmpipeancyts elmgrb‘ldqi llneme detive anal ysi s

tool 112 is rtemm‘ dng wptaehliy QiaééQ!&fkeIEch@i &R et t'hi@)‘ég% RO ALNE LRk dent i Ty
articul ar and cell that was lI cye d within

each instan t

t he conpl et 2@6 genela] RS “t85§%l}ef%’88fftﬂ‘dﬁﬂs éeﬁt‘"'gls ested ?a"fb@?”d\ﬁlﬂ‘efﬂ@ﬁdﬁ@ach

![ ns]t agig Sf tcﬁllhhhlmpérﬁﬁ tl;amsie!asra stiagdaschadeht chpbﬂMafbaMﬂ&tdfaf}{ﬁ)gljitnplehb}ﬁedanal ysi s
00 etieHELNES D

respective |lnslg]§ncelat g” aagf%élcﬂ&gq& twgo}gf'gﬁ %/e\} dt‘%%" ‘fsﬂﬂléﬁjth‘bﬁ/a“‘teﬂ‘@ routing

tool 110 to S@B‘??H’éétmeﬂ%"“t Hidke ethes st tof (he siriotdznnlt Ebrafy It hie Fait xndgle, dactel |

(referred tetaf@r@kminae stah@:d @UISGY G ANRE TR s&f?&&hh&@ﬁ}hat b 9&5? lysi s tool
112 correl at1 es the Ofg‘[%t ed connection | ocations onnect | 8 ocati ons

that were chOsERUErOTPHOM R LRI Forks A8 d By iR e ‘P‘b&*ﬂ“i“ﬁ‘gn el pitdl By tfeor each
respective ipmpetst Gbtigtion pihnoldgy. an aeGtmed €itGAR BREINRA, ERE &hddRn <Of ina
plurality of,.pesshbLE: gcations for that respective input/output
pin, determ nes ut”? ﬁ?zgﬁlgﬁ% h%mhe Samfodfsglp‘f? (or %"é‘ﬂg@i?&gmpﬁbmﬂ/qg@{ 'Yut pi ns of
t he standar 8'PE@I'PA8REEY anfrsarihed iaglgﬁtegiamlébq?wnbém cofiext oIS, 2ac frattiegpect i ve
possi bl e comae&hdaﬂrbemx@ﬁt QB rfe0Tbe B84 bESREG! 0¥ Eorl | N was
utilized, and lﬂ s tﬁJe utll ?I ezatll onI metrics %nola]%w éedé%b%%d 19 &Vice 114,
as descri bed'f “@Pryd‘"e"t”é’iuﬁe’ FrafeBlR edivinms C@@h‘ﬂ@)@ﬁ“éﬁ“ﬁ“@‘“lﬂ“ﬁ [ 00241
FIG 2 depi d&tsstand mmeamihannay QHB@@HSM&/OIQfxe@te§Bﬁ’-ﬂ@@l’a@%nﬁ:ﬁﬂ 01299 o344, t abl e for
inclusion ig,the sdg g%d cell library 116 of FIG |. The illustrated
enbodi ment of ‘st &n cell 200 represents a two-input |logic gate, having a
first connettdn Tae @atum@l EPracesabip ragiesrgts the setwlaiensidule Buiteddr ofhbi®isk 0gi ¢ gat e,
a second COmpRGTh@NbAHEBon? b &OE@%%@! n ¢ A he | ogic
gate, and an o t@ h)?c;nnéxcz:ptl 1ogﬁ area chnr Fg‘é’%bn%%q’ %F {)Otm(‘f) ¥but of the
l'ogi ¢ gate. R &ORIARBRETTEH ple 8 326)21“13]20“21!t OROB hepriEsehns & epEnatlf a

conduct i ve imgteetriealand/@.r6ute betRi@the pra&ld%ﬁhdaid%@llﬂs,as Weoitilleny hk&kioh DAt are

accessi bl e t, ting. too ontacting the inputs and outputs of
t he standar\glgge%%s’iggaccfn ]tfj?f‘g'gi\{}ﬁ ‘?e fapraloQdiTheigy dhotrakyopsat 204, 206

provi de t heﬁ?rﬁﬁﬁft #sou Cparhicdl drambmalSssi¢ro! foi BSp! IpfoznﬁdﬁeabeW&alanﬂluttthqu c gate,
and for con¥gRiARGE, of Mk el NNt lid [ onnecti on areas 202, 204,
206 may al te[?ngt ively be'referred. d”.l“tcf'ﬁi ggﬁ{bgg!s bﬁ e QGSW 8y ﬁ'&ll d B: not ed
that FIG ZFXPPREE ceraedaensins rqureg jopld] Wi wesades b aguwer tgﬂmmog,y flhg 1stlandar d cel |

200 that | raceessi higr hiestihens %tlbd'ﬂgl tcgﬂblo%wlg e®al@n »inth QQCOHIRHJ rypst |ayer

of the sta 0 transi stors, resistor capacitors,
and/ or ot h%?&éﬁgg? Xreicuéa{)b’)%erf&?ﬁléﬁ?o ltotfﬁf”teé‘f"é“e&‘oﬁ‘i?/f”gﬂh‘f%Bett"ﬁm “Pﬁml@hﬁbnt t he

| ogi cal f ursenileexherdls trithoof vielhteng ttveodedi ppites. | lhgjrdﬁtxc@am@loaﬂ'eﬁtebiﬁﬁla%@tlﬂﬁ in
under | yi ng hR3Y& Sokl- g t and el ectrically
connect ed tlo@t he Oll ns eanﬁg%ﬁ 9, BJESWB&Q bome% boanly i Sé‘fi%%rﬁ?fh‘éa}“s’ ©Rs shown,
the layer i“REPHAI ??da':tlw@edgbtilms %@Ute%ﬂwm@@@wmcg@s|ond¢tmdte&d ahepaam thaof

connecti on n&]&/&ﬁ%(:c&@&i anafbpe&&nzfdnﬂuﬁquutﬁqg tdd QYﬁ'aQ{gm cgln%ﬁ?ng dg\%e 1%0 i the
st andard C%‘] nnected to a positive rence vo tage (or

0
suppl y vol tagé a’ Oﬁglh@éalt‘f gt Flﬁf%ﬁteéf?ﬁl?é“’\?& la s o pperapsyrpopstt tlage) |
respectively. The voltage rails 208, 210 are parallel and separated by a
di stance (d) that corresponds to the standard di nension for the standard
cell library 116. In this regard, each standard cell of the standard cel
library 116 includes corresponding parallel voltage rails having the sane
di stance (d) between them such that each standard cell has the sane
hei ght. [0025] It should be understood FIG 2 is sinplified representation
of a standard cell for purposes of explanation and ease of description, and
FIG 2 is not intended to limt the subject natter in any way. In this
regard, although the subject matter is described herein in the context of a
standard cell for a two-input logic gate, the subject matter is not limted
to two-input logic gates, and may be utilized for standard cells having any
nunber of i nput and/or



output pins. 100261 Referring nowto FIG 3, as described in greater
detail below, in an exenplary enbodi nent, the analysis tool 112 is
configured to determ ne or otherwi se identify a set of discrete possible
connection | ocations for each pin connection area 202 204 206, for

exanpl e, by gubdiyi gnnection area 04, 206 into a
plurality of di séér{]é?égog(éger@féhsﬂ emwﬁérmleslonn]e R (L cé?‘ée‘éeébfﬁi?ﬁ% fil &lfr esent s a

possi bl e coﬂﬁ@ﬂ?@&@“ﬂ@@ﬁ@f&ﬁlmmmz@dd@ﬁdammfwmamhMmmea5wbmdmnaaﬁmmﬁhe

anal ysi s too&mﬂ&ﬁoﬁmgqbygdes each pin connection area 202, 204, 206 into a

pIuraIity of @gﬁ Q ) llLgln connection | ocations based on constraints for the

overlying |4 i g TR A WRPedimer LYy (e b)2 generlly eepresruts et @iviareom t he

st andar d cellhodzleexccdtem o hihsrwise gadlahented @th@cdﬂpbtmghév@&%o @R ? Agnt where
1y (or

the overlying straine hori zont a parall e
to the volta gﬁﬁgﬁa&omh%gay ‘ﬂ{ﬁiﬁ P]e élﬁ?a{?'ﬁ'f‘%ﬂ}ogvo do“fﬁ“r‘l‘i"‘“r’rﬂﬁ?"ﬁ"é‘t BES- net al
spaci ng d|st&n@%P$@ﬁShﬁ@ﬂfﬁﬁﬁﬁemuhmnmﬂa¢hﬂthQy11Fthe@mnf@uﬂm@@@nectlon
area 202, 2Q4bpnidd6 prebddein@ DAl M Snch therw se

det er ni ne posgllng (}prel n connect |no#1%gggﬂj%§ﬁ@%é%&tg lfl&I’ %%dgf“%eﬁén #iE¥e the
respective ﬂl‘etﬂ' %%e](?taf’ﬁﬁe”ﬁ’rlaéhelmmeﬁoﬁle apOBis gl | 2he coligrddyd ngn et al | ayer

may i nter secbmplétiiity ohSobtdinde &t @RS BhEhRanbhisy aﬁﬁﬁ:@dxlar' tR&$ stgu]QQd oy e

overlying y al ly overl ap and/ or ove e respective
pi n connec%ﬁk%&g V%mn%%ﬁ‘g 1%?514fay°2‘66”‘5,5{§5°‘i‘tref3 d’éf%‘re%.‘tﬂ‘e‘i‘ftai‘]ri’e'lﬂ}”eom Schthe first

i nput pi n 20t sl htoapodsisbidrdpehwiionne G éu0nhel 04 aks 1011230230 the Wner e t wo
of the netal &lﬁ@@iﬁgglg%ggh ie its connection area 202, the
second |nputocp0 5 thﬂmQFQEEfgg&we”%%%ﬁgc 18R 8T PBRY806, 308,
310, 312, Bfﬁz%h@f@evagg@P’Uﬁéoﬁéwa#tqWWeswgﬂwamm@mbapmamdmmmcmwerl|e its
connect i on aE@@MZQAWQQHQMEh%w@u&QQﬁ Pl&ng% ?@%1%

connection lg@g rma%:q% %@ 32010 g l 3569%§§%HWEE&QE§%§%n of the
netal |ines COVET RIS R B cvestey C??@t@%ﬂﬁéé%%@hmaW@éﬂﬁwﬁmwin
accordance W thhrootirg texth gl ifmeah respdogveamab/ysiuspit Q) diskik? BRYcR R0l i gured to
el i mnate opr oL REHEWSE i.n_copnnection | ocations when

det er mi ni ng plﬂ;rll ut‘f)}’\@ ?ng‘%?%gonl%qglop?o%gt,ogs & & at lesPecB\gdnquHOLgﬁuélaf éiFmH@F%.l | bel ow.
In this reg%ﬂ@?mb§§éﬁséﬁtﬂb§ﬂ@ﬁ“ﬁuﬁw§mmw0pms@ﬁ@eahnampmm eern@acthd on ar ea

may not be oRpadd funkr Qethﬂg chidnl rbdpz&icl p&éwglg%mﬁ]%&% ﬂ)g [109?(){ (el 24 efTNe anpl e
t here r conmponent 1 nternal hdard cel | 200

t hat prevenFE%PH%QHPH“%HH%%%F?&HP¥ﬁé%T?BﬁémsmﬁwsglgeﬁmeMQewng4a¢|||zed by
t he routlng¢$@@ﬂHQQGMMmmmoummmhﬂka&uﬁgmd@@ggn rules (e.g., mninmmyvia
spaci ng rul gg) g§3 e b reater. i1 bel ow. 00271 It should be
under st ood ?ha % %%kh El@wa Wfﬂmﬁdmﬁﬁ @Z%ﬂ@&?w W”d% 0 ispibletfandar d cel
and an oveHPVWﬁ@”h%%ﬁwﬁﬂéféihmmv1bhﬂﬁ@@es of ilexpleirabodinenantaease of

descri pt i ori ando kG b h0ty phensleg . th ect matter in any
atﬁgrn%tgge errg(1 %H%ﬁnéaoﬁﬁggzyﬁhe?mﬁgﬁ Srmi ning the

way. In thl%.n 2 kp
possi bl e pl%“% poe ﬁmﬁﬁééﬁﬁﬁﬁ%“%%§%ﬂa&ﬁQWH@“®V@ﬁhykng&NQQGWMbhyer (e.g.,
when the owey loyir ¢ ugc red al oltgy esnnt@ion Bk CONGEEs ?@mg td EPm ol&But oAy i@y ticul ar

di rection),,.th t 00 y identi 0SSi pi n connhecti on
| ocati ons 6§Esﬁggpé#¥%0§am8;%mp%ﬁ %@ﬁﬁ%gFW6ngP§%C%@?mv?@ﬂmﬁéﬁﬁhlnto a

plurality dfetbgabiiiiqpnsir ziediksegutere oesditile withd robingappn echat@dcinbale there are

nUMEI ouS PaRlsBh e MAKSrUR SR hidfo ARk Ina FARNGELY O0,ALER oA, L he subj ect
i ntended to be rizg 6

matt er
subdi vi d| ng% REViSF ﬁl‘ecﬂ’ﬁ'r‘fé’&’ipi”o}’?"“%t?%saéo‘t%“lsﬁé’f éﬁem“ﬂ?en;ploé(sgwbtm pivd fgonnect i on
| ocat i ons. colv@0R8], biRefiMbut ilinGatROVhE @nide@n Hoas 202, RA, 8% aﬁ%%n% Qdi ment, an

el ectronic esi t e confi gured per f n1an

anal ysi s pf%%eggﬁﬁglasﬁds d%oﬁg%ﬁﬁﬁdggéﬁg ‘PUH@FV@H§““&HH¢@H%@ﬁérat|ons as
descri bed below. For illustrative purposes, the follow ng description may
refer to elements nentioned above in connection with FIGS. 1-3. In
practice, the tasks, functions, and operations may be perfornmed by
different elenments of the described system such as the design tool 104,
the synthesis tool 106, the placenent tool 108, the routing tool 110, the
anal ysis tool 112, the display device 114 and/or conputing device 120. It
shoul d be appreciated any nunber of additional or alternative tasks may be
i ncl uded, and may be incorporated into a nore conprehensive procedure or
process having additional functionality not described in detail herein.



9 [00291 Referring to FIG 4, and with continued reference to FIGS. 1-3,
the anal ysis process 400 initializes or otherw se begins by obtaining a
conpl eted | ayout to be used in analyzing the pin utilization for one or
nore cells of a cell Iibrary (task 402). In this regard, the anal ysis tool
112 obtains @.Lay s generated by the design tool 104,

t he synt hesi settoo%H%g%B%ﬁ & aﬁceas%grreeﬁte 'PL&%F* {Of[)léo?%‘rdy“t“rﬁée"F“EftltaY%@“t“bol 110,
as descri bed*®Byeck ﬁOQ)héndct?)m 1bx trawfstoB| @sislors, k@a@h:semelrmloa{ey cRARQdi nent

the |ayout dabodehk &aCO¥ ERBRRALS intoRuRnciShoill | n,Sreated by a user
that is intended to test on% or nore asp eé g fu?Htohah &%tt‘é)“%l‘”?“t %83 ement ed
by the el ect¥8ni'8 lﬂé@lpﬁ’éedd‘éﬁnﬂfh@@%étyé‘m(w{s) be@@ibhhfagms POY, 28%ame) epd t he

functi onal i tejccmifcaltyl"tﬁmﬁbt&tﬁnﬁﬁimst@@|203—%6 it e a%ﬂéﬁbl?;%]tle ?ﬁ@efs t)e(tsn 3‘;"%“@%{ FUt ing

tool 110, a andard cel

library 116, 195%“ C&Em‘l’a “te l hz§4 r%ét th‘mﬁ‘gt‘ﬂ a pafipoftgnigetioa sesaa ity 810 connect
to indivi dugenfigysdty mmlqtnm!t@e mals Gfr tha staaatatd @tllza{t thSttaa{l@a:Hedtc@%H polstﬂvet he

st andard celbgl hctgrvaft AN heid obt ai ni n he corrpl et ed
| ayout, the “anal SI sChéer(ocgthy ;i )léagﬁta "tie VC ]heferedce VOlt?ﬁerﬁ‘i"r{r’é‘)“ﬁghO {4891 i zat i on
metrics for "EPFHIYY-cl °1tﬁ$ﬁélsc?ﬂ8 cap Ialeptaa@elohnd\nsftphuatqd bhe dokhei @pdad ayout

(task 404). cbxmsmde%eﬁ%aﬂtﬂa)/d @ﬁmﬁgh R e stahddfy @DALY '1‘°f6 p{n%}? méOO det erm nes
pin utilizat] 2G Hlt hin t he

different type o
obt ai ned | aygg{;‘ JTIE—:or fgh Kal ]fi (ht[]“bt?h’é e es |°?1teFR5PG@% aﬁl%‘PhYOétﬁgEtlyllsof
t wo- i nput  NAND thgage gla’are:s(aabmimﬁn Prdrsadhithay ef sthno@d bl 1 ORBmk Q9LE gates, the
anal ysi s pr flrst utilization rretrlcsfor
the two-inp (S(tzﬁl\iA ﬁl%ug%tg%ég%t%%g;g]n Fdee ﬁid ’ﬁ‘H‘Efg’Hat"é’%@Bhata%dé‘td Gf @i n
utilization ph‘:@?SFﬁ Qf§xﬁ1@?“°t‘l%j RRGL ‘iieﬁpmtiomdll“ (IJ@IQOS gatengt andar de aejedt. 1t
shoul d be apptieah at}edaﬁ hatihis QR SHARRRME GELL 1Aa'tt9rz9rdi':sg?beﬁ¥m' nelude
rrultlpletm%i\]%f)f P C[gt{glarlom atezf dat Hcel I's for
t wo- i nput Bi# %a 4 T RAYO-REY dosd e %H’ﬂ’leﬁrﬂta’#@ ispat émigedts Jwo-and i n
such enmbodi memtlegic pdve, @nalay st stilpsoBeSMmIADQIdinhhier /0L RLS et Wesh the types
of the Sarreattg,mﬁt]g onal logic gate, such that to determnes pin utilization
metrics for each different drive strength variation for each type of cell
pl aced wi t h[%2& h&eghinginmedo FE§Guts (@cripeq irs epatrateil plowUini dni e&éﬁ;ﬁlz@f‘ metrics
for a | owererfifoM@ntS ik @RGILH « i strength
two-input NAND gat e M’%de@@?%p%?%‘%yg&g%ﬁ“%ﬁ OthF'Wlse%'meﬁswz cont ext
of FIG 5, ‘t?{’éet R i?@ﬁg“'teat?rt lqoponpegr ?Tﬁ*blpé‘nmt?twml@x@em@@ 204, WEher wi se

perform a mxmtlplz,aMsowunpcrn@,c&as]mt aﬁm@a&m@m@ 0h, 8k andand..66!d d@c{mté he
st andard CeJEzlgménltSbl‘“ﬁ}l l aced by the placement tool 108 into

the layout ih orde E¥m 0 det & Elsc'etle ?3%'8 "BV ST & PAtSIble LAt ketipd-cdo for each
pi n of thatdc?‘é‘iaﬁt?c\t*ilwetﬁybém@ﬁt it amtjas ot €12 subdividek lsucs pi@gdEdion hibe
utilizati oreonetos,izeé slo f 1 PbR rwi se re ents
numerical |y the nner. %a %ﬁfﬁlﬂo ﬁg I]Qgﬁt%?IFrﬁ)%%(tC%ors 116 °l f‘i“ﬁi?‘éﬁr‘lf
respective YEhEtichpingres oy 1y ‘0““[‘@@811 Olifnmaln todfenipt stnderdwBoziomant ,  af t er

det er m ni nghisltegdrd, ZR’B&B Igdmtsﬂ?&&sl’ah &ﬁboﬁﬁﬂent&ﬁt@t‘@ tﬂc%p@rlygtfg nﬁ:ﬁl llayepls%{?nga nlﬂeg }1 t Prgt lr ?‘ng

the anal ysi, i nues ing t

for the pl i BARE Ha‘a‘%P i‘Bl" kﬁga@h ?g’é f?b@ K s@ayd by enipiyivg mesdar d, t he
anal ysi s t éofrethpadnedfitamcecionpel tabigtichevdhedogl 2 Foddach ﬁ@ﬂéﬁrﬂn&%r%icai Mpdi splay, on
the di spl apoflevs e Ldidis @1952R esentation in utilization
metrics for each pl acgSES standa%vd’g%éf Oggplemhse @ “““ttaPPt:t‘b ee[t”T ISy 116 and
gr aphi cal | YR eathedocniipas whuo b atspestivelre vtetewiltrhee'piai 2w bdezatiiven metrics

and t he respegtnivsed yper Ohy Shapdams Qellt)-l:atzgt{s \Llréﬁ: {hgmﬁ?thhe\g 9'0?% of the
reSpeCtl ve an a escrib In gr eater get all’r bel ow i n

t he cont extow{?m&f]&? aé“?‘my'lﬂ‘iti%“ali%towgé‘% ey OW"é:\/\?h‘at?éPeatwaIPylz@nmdQ@nd| spl ayed
pin utilization metrics for each type of standard cell fromthe standard
cell library 116 placed within the |ayout, and determ ne whether there may
be any issues regarding the accessibility of any input/output pins of any
of the types of standard cells based on the displayed pin utilization
metrics. For exanple, if the pin utilization netrics indicate an unbal anced
use of a particular pin connection area of a particular type of standard
cell by the routing tool 110, there could be |atent accessibility issues
relating to that particular pin that may result in a failure to route
to/frominstances of that type of standard cell in a subsequent circuit
design. Thus, in response to identifying an unbal anced use of a particul ar
pi n connection area of a particular type of standard cell by the routing
tool 110, a user nay determ ne that that particular standard cell needs to
be redesigned (e.g., by repositioning, resizing, or otherw se redesigning
the p|n connectlon area(s) of that standard ceII) to prOV|de hor e baIanced

Y o 1 . B e



100331 As described above, in an exenplary enbodi nent, the utilization
process 500 is performed to determne pin utilization nmetrics for each
different type of cell placed within a layout. In this regard, the
utilization process 500 begins by identifying, within the | ayout, each
instance of fhe,paffi gl \ ng analyz (task 502). For
exanpl e, the anal) S|sﬁ# g#lg%g%mpmlggan Eh@“'&ﬁbP@?@ﬁ FéVB@ﬁ“BBﬂained from
the routing %Oaﬂﬂcﬂoilwafl@rs 3ehem IWh@IE ance tbé methieme::,vxmmommp abddgicGerf@tie st andard
cell 200 fr Odﬁhﬁebzﬂ)n%tcﬁ-ﬂ@hah@ s&@x dl m]lult RFI %dyl1a}%f\6@ﬁt0g%§e r{)\,\’a%m%atl ?oc?tgﬁs :.o%e
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that instancg,oft, forth above, the routed pin
connect i on Iogatzéo% gge gevénecg%}eec? ‘ftéemfiﬁﬁo 8’f°“§° WY oveWig ifF eTBtiemdeT st ood as
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respective pi % g.. the Tocat Poosn o) 95nﬂ§(;on E)C"]t“im"‘r‘? thBo elei]i‘fbm%rpe‘at ed a via
bet ween that”“g%El O”a{?ﬁﬁ‘mt*r?édﬁ?é’@ﬂ yugh@terréetwem beloayé‘rt)HSieE@d besednpdesign fus, each

i nstance of pohiensto\®pik ﬂ@hﬂl&cﬂbxﬁ@éﬁﬁn@%&%e%&;ﬁﬂg@Crbgmgﬁh1lzed§991e'z(Q% ol rg In the
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similar manh@?’! two%gﬁ Wgergoqdglestt FIﬁlQlSrmynnﬂéfmpmsn@uan oot seddapd cdliconnect i on
| ocation fomrad d’r\&wé @G}@ﬂd:tall Talpd;ltfm Rablrf&os%@éf Rl Sh Al (leestcmlog'ang[q Qnal
coordlnateswfq{ &Ig(#g t E the electrical connection created by the
routing tool® 11" BEEwEe th 8@ S PR hebaray ayeihinrfgarthis devaivd i nput pin
connecti on arkdinRes4, maﬂdcfhbwemQMy&eskamJm&&&m&ﬁmld@&%&ﬁbﬁ&i@1&9Uted pin
connection LQeatd QBf et erm ni ng, two-di mensi onal
coor di nat es fo?E%heaH%%gg? QH#R@%m%”l@%@“ﬂ’éﬁ‘édﬁh%@ﬁfﬁ% d & WAIEE by t he
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(tasks 506,308 h si s. tool obtains a plurality of
routed pin %bnn%g%&@ﬂk &ﬁﬁ? oéﬁcs‘iS 6fg Oﬁﬁ"ﬁFmPﬁ@mﬁﬁﬁmwﬁbut | ogi c gate
standar d cel0fZ8poBelering anw @xFdGmN. arap ceerinddy eretntiimeitha e&ﬁt&}dn}b&leﬁlcé @kn 112

det er mi nes Qitn Ubd hiag &t icOMel ki £Stof e relative
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possi bl e pi m@@ﬁn@@ﬁ?SHﬂ¥BEhFﬁﬁﬁ%mﬂbPﬁ®hafmpiWﬂmepaemm&dhnbémmmgh one or
nor e enbodi deEnbi®n Mah efanadignshs nﬁﬁ;onéd@%velﬂ%mﬁ%@tﬁﬂ%ltﬁ W"Wl @f unber  of

Ilphd
time each I nn tlon oca utilized ﬁe routing too
110 by couﬂ??%ﬁpégw@%ﬁzﬁﬁﬂge ad&aﬁg ail: ”W§J$gﬁkﬁmﬁkﬁﬁﬁﬁe@3?%ﬂ”ﬁﬁbatlons f or

each |nstaﬁé%m@ﬁmﬁﬁeh@@$@nmmﬂﬁ#ﬂahhnmﬁmkhmoeemmﬁm@mmﬁn&EQﬂmaQﬁﬁMﬁted for.
For exanpl ol hﬁth@-%lyﬁ@bgl 1 9Qhe d’TIs?)%y H&YCecfpﬁ‘»ual%/malorln utfipe ! %ugZ% n connect i on
| ocati ons corresponding to pin connectio ocat BRI SGY dgt $ne a first
pill utili jjﬁtai’%?‘?‘a??@taﬂ Burghst pleaddiomgl pioplemativh asitsaban| be rinpiridedt, aof mayi wes t hat  pi n
connect|on1Mﬁmahm@nuﬁﬂ£mmaﬁmﬂﬁb&h@ﬁﬂm&Mm%hﬁmkgq%hﬂﬂmEﬂ8hl%%ﬁnmﬁ d count al
t he routed ﬁ*?“” &ﬁm%n | ocations corresponding to pin connection

| ocation 30 nE°] second pin utilization netric corresponding to
the total nunber of tlnes that pin Cﬁgnectlon | ocation 304 was utilized by
the routing tool 110. In yet other enbodi nents, the analysis tool 112 may
determne a pin utilization nmetric for pin connection |ocation 302
corresponding to the relative frequency or percentage of times that the
routing tool 110 utilized pin connection |ocation 302, for exanple, by
taking a ratio of the total nunber of tinmes that pin connection |ocation
302 was utilized by the routing tool 110 to the total nunber of tines that
the two-input |ogic gate standard cell 200 was placed and/or utilized in
the layout. In a simlar manner, the analysis tool 112 may determ ne pin
utilization netrics for the remaining possible pin connection |ocations
306, 308, 310, 312, 314, 316, 318, 320, 322, 324, 326, 328. 100351
Referring nowto FIG 6, and with continued reference to FIGS. 1-5, as set
forth above in the context of FIG 4, after determining pin utilization
netrics the analy5|s process 400 dlsplays on the dlsplay deV|ce 114, a
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representation of vias overlying the possible pin connection |ocations, or
graphically circling or displaying other suitable indicia to indicate or
ot herwi se del i neate the possible pin connection |ocations. |In accordance
wi th one enbodi nent, the anal ysis process 400 and/or analysis tool 112 may

graphicall'y {{l{)ql Q&KeﬁhHIOH@FM}HWsaﬁ@iwﬁpéﬁilrm%@leﬂfeﬂoqu)ﬁl@%cf b QI% %189&9& L SBR 3'[20t 322,
resent ati ons
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of the tinep3o ndifeabbugng t}feel:@{ple%@lMydmaltﬁen%qsw;héde%aido%n@iuest first
i nput pin Q%@nectlon routhg%feB 110 utilized each pin
n
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over fifty PRL&ENIneREs fhRyd t utilized
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in fact, usqauw o qggﬁélon ocati ons 324, of ossi ble pin
connecti on TOCAt ]ﬁ WO“HH H&“ﬁﬁpépgpﬁb@“?“%ﬁHﬁ@ﬁﬁ@éﬂPWUW i#3et i on of the
out put pi n i det thotvoanea ORA6Gibyatd hendsro uéli. ntg sitoardl be kpfreciiCRi dbgl y, a user
may att enptyt@d akji Qr.Ofs the. r | 110 with
respect to the secon a!ﬁ%x%@ﬁmaﬁgﬁ%% f%ﬁﬁaim”mugbﬁgé%@fgg §HEBlt pin
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bel i eves th un i zation of the second I npu 4 nd/ or

out put pin 'ﬁﬁ%o’ﬁa]ak’%‘f £¥p Bffﬁ’é‘ht © CE5ipgs prwammawar ‘Ensrfo’d@éfi Qﬁel@ﬁ dtlYFe st andar d
cell 200, mm@@msemmmmﬁxm@ﬂeﬁmgMc&h&m&iam&améo&&h&H%QQ1&@ k@R@Ripti on,

resize, or r e the se i n_connection area 204
and/ or outgﬁ%ngﬁﬁhggﬁhﬁgtHgﬁgé¥%%5t %qu?ﬁ?ﬁp@%N §?§ﬁﬁ§ﬁd“@?ll”§b0 to

achi eve nnﬁ@m&mtw%apﬁﬁﬁﬁﬂDawﬂlﬁzd@wwﬁimmmmhe&$éd@hdxnmpuwmﬁlmwn@nnect|on
area 204 arﬂdtﬁagﬁna%ﬂs %t 1R :ﬂngpi@ﬁ&ﬁ'cQ&ut@rc@%thngv@s'eﬁmLqeast(flm gn gtt%?sve in some
enbodlnent§ t he ané; Si s 400 and/or analysis t

gr aphi cal | Y FHAREaP “%ﬁ&fw 85@?#6H§d9%6”“9@86QPEW%@EQﬁWVﬁmmbﬁmp@SS|bIe pi n
coRnectlonumbumnm@nﬁlﬁemgnmddu@&i@mﬂeSMgﬂwbwhﬂﬁaﬂénﬁ&ﬂ&&&&k@ﬁfnQﬂseg on the
ot her conp the.sta 200 i splay indicia

t hat woul d%g'fe'%ep% %Rjge{ypier?cqig%‘éale S h‘ Srir Se thﬁeﬁ“] ifaat E\’gtf e i‘c’fﬁ% piI§16 318 as
bei ng possWBW@@anmb@Wﬁe@mwammhmcam%mmsmrmm&QSREWﬁmHEJnmmg;meMAMO FIG 7,
and W th coftzkied éaielmnesnt, FI GS. 1-6, in accordance with one or nore
enbodi ments, in lieu of or in addition to displaying a graphi cal
representation of a cell with overlyilag pin utilization netrics, the

anal ysis process 400 and/or analysis tool 112 may display a table 700 on
the display device 114 that graphically represents the utilization netrics
for one or nore standard cells of the standard cell library 116. In the
illustrated enbodi nent, the table 700 includes a first colum 702 having
entries corresponding to the individual input/output pins of the standard
cell and a second colum 704 having entries corresponding to pin
utilization nmetrics for the respective input/output pins listed in the
first colum 702, wherein a respective pin utilization netric and its
correspondi ng i nput/output pin are aligned in the sane row of the table 700
to graphically indicate their association. [0038i In an exenplary

enbodi ment, the second colum 704 includes pin utilization nmetrics that

i ndi cate the percentage of the possible pin connection |ocations for each
respectlve p|n t hat were utlllzed by the routlng tool 110. For exanple |n
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15 | ocations for the standard cell 200, and thus, the table 700 indicates
a cunmul ative pin utilization netric of seventy-five percent for standard
cell 200. As described above, after view ng and anal yzing the table 700, a
user may redesign the standard cell 200 to reposition, resize, or otherw se
rearrange th@aqutipud e@lnﬁlm?%ﬂﬂ%%én@rﬁﬁgra@@m%ﬁ:@g II[[‘RZ&%SIB!H? & fglreeag yp L%tl lization
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the pin utipik dat honresmtin b Gsiufeas 1duk'b€t0/1ﬁﬂz|ﬂlllﬁslaﬁ¢é§ pumatny]jasof@tfancﬁﬁdae@mar g cells of
a standard i e.determn sent a us in a
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areas that dwnih@mb that pisHESEAMEN el QML HY. fal ed above,
when the pin u1€:|1| i zatulj1 opqnt Emetrl CS | nedllcatet teat Eszlig%qe&g %2 gglﬁ%nﬁ area is

under ut i | | Z&F Br OUEBEE FeriedHEN AT RiR ewaecHRmEfS) Oféhfiﬁéféfldalﬁﬁyﬂ)rt@dlewﬁ@n the pin
C onnect i on ameksanck u'(sége ofSthcﬁ}ﬂﬁj adnflect®] dread BIhD bradiBd ickiYbyt R ol kdon g ot 00l and/ or

.outer tec eto ang utilization_of the pin
connect i on /g{r%glgg\ggf {fh% he Stan datagénrm {c%qD‘eW”fSﬁ‘ée W’@ﬂie‘ﬁ@erfcﬁ%’l‘”oﬁbﬂtﬁé&ce !to he

| i kel i hood a#/orrewing trg! 14i 4ndrtles the mowsu islegaenfile desinghsiout@Qdil | 1Fesy t he sake

of brevity,,.conventdienal »i.eeh d circuit design,
EDA design f neI ows arlld otpher mﬁéﬁgﬁgg O%]eﬁ)gl “""*N“%% gIl&gstems (and the

i ndi vi dual [§pék aksf I ABh singp e%%lamﬂomam PRy Cﬁmw@e\f@e@mn bed in

detai | her ejsmm RitysiyCl coanpedi 0aRirsmof uliBeios WRLas ko Rkt Al dRs etisbed her ein

can be reald zed us ) conduct or. fabrication 16
funictions, and/n poperatlons as %cscﬁ{and bcp) lLoz illustrative purposes, the following

description may refer to elements mentioned above in connection with FIGS. 1-4. In practice,
the tasks, functions, and operations may be performed by different elements of the described
system, such as the analysis tool 112, the display device 114 and/or computing device 120. It
should be appreciated any number of additional or alternative tasks may be included, and may
be incorporated into a more comprehensive procedure or process having additional

functionality not described in detail herein.



techni ques and conputer-inpl enented design tools. For exanple, enbodi nments
of the subject matter described herein can be stored on, encoded on, or

ot herwi se enbodi ed by any suitable non-transitory conputer-readabl e medi um
as conput er-executabl e instructions or data stored thereon that, when

executed by [@3Q0muc§e§‘dilbecp£b‘39ee$§9{ exeﬂ{)]al? I’&ﬁlb&l)dnkc%’t 1]51&6‘9{!11%‘[{0&‘;&08? %(5091? Of
electronic cirtcuits USIng st andard brari’es and th

standard cePF® P Ageg! “ier‘?mttﬁ‘@‘aff‘dwﬁ‘?“é‘tséﬂ @P%“y?'df{ﬁ enpiypg ‘Pféelépléq‘%@ FiHn e ci r cuit.
100421 Wi | &yat. IIreﬁStxegametllemerﬁahcanryoceﬁbo@bd’é&l@ﬂ)y r@sme@m;ﬂarneﬁeeeyto@ﬁ in the

d it.s ted that a_vast nunber
of vari ot ofR iRE TR (iRt be SITHE PR REE UL R bleaRpl ar y
enbodi ment &rlgiptreul 1?@1@1? scagescriped Im@niaibhinad Fomote duibendddo foedchm t t he
scope, appl ig@hk bi &Y iwQhp® gfc ggtUEl%td'al‘aQelPEOOtﬁQ% tﬁ!: ?t!mlq’ﬁg céH@mgf 16%“ er in any

wa Rat her, the foregoing detail descrip those skilled
|nyt he art WAEHRCH ‘by&h‘i/léﬁelém topbiQd *’}‘Fh‘be ot | %Pﬂéwﬁn_ﬁf’ ingipree efekecoell bed

enbodi ment biingemttoat, RNltBizatibh pseudod d%lﬂﬁﬂ@tﬁﬁﬁ&@i@k 1@@1@?63\4@6"1’0@&{5 ichanges can
Lon and arr an erren ts wthout departlng from

d
the scope detrosudl B R 5 B PR R of Fty GG o) CGPUM Gt and
f or eseeabl efoettyubaral ‘énncsﬂ%tplm h@ntqttmelooa‘norﬁ ifdri angsptetrlvs ppﬁﬁfedﬂbeliaﬁmldl eation. 17
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used to generate a |l ayo nE
electrical connecuon to or otherwxse mtetface with that wespectlve pin (e.g., the location

where the routing tool 110 created a via between that pin and the overlying metal layer). For
example, for each instance of the two-input logic gate standard cell 200 identified in the
layout, the analysis tool 112 may determine a routed pin connection location for the first input
pin 202 by determining two-dimensional coordinates of the location of the electrical
connection created by the routing tool 110 between the overlying metal layer and the first
input pin connection area 202 relative 1o the origin of the standard ceil 200, In a similar
manner, the analysis too] 112 may determine a routed pin connection location for the second
input pin 204 by determining two-dimensional coordinates for the location of the electrical
connection created by the routing tool 110 between the overlying metal layer and the second
input pin connection area 204, and the analysis tool 112 may determine a routed pin
connection location for the output pin 206 by determining two-dimensional coordinates for
the location of the electrical connection created by the routing tool 110 between the overlying
metal fayer and the output pin connection area 206.

[0034] In an exemplary embodiment, the utilization process 500 continues by aggregating
the routed pin connection locations for all of the instances of the cell being analyzed and
determining a pin utilization metric for each possible pin connection location of each pin
(tasks 506, 508). In this regard, analysis tool 112 obtains a plurality of routed pin connection
Jocations for each pin of the two-input logic gate standard cell 200. In an exemplary
embodiment, the analysis tool 112 determines pin utilization metrics for each pin based on the
relative distribution of the routed pin connection locations for that pin across the possible pin

connection locations for that pin. In accordance with one or more embodiments, the analysis
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determning, for each instance of the cell in the |ayout, a respective
routed connection location utilized in the |ayout for a pin of the cell,
resulting in a plurality of routed connection |ocations; and det erm ni ng
a utilization netric for the pin of the cell based on the plurality of
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conpri ses: analysis tool 112 may detenmine a pin utilization metric for pin connection location 302
corresponding to the relative frequency or percentage of times that the routing tool 110
utilized pin connection location 302, for example, by taking a ratio of the total number of
times that pin connection location 302 was utilized by the routing tool 110 to the total number
of times that the two-input logic gate standard cell 200 was placed and/or utilized in the
layout. In a similar manner, the analysis tool 112 may determine pin utilization metrics for
the remaining possible pin connection locations 306, 308, 310, 312,314, 316, 318, 320, 322,
324,326, 328.

[0035] Referring now to FIG. 6, and with continued reference to FIGS. 1-5, as set forth
above in the context of FIG. 4, after determining pin utilization metrics, the analysis process
400 displays, on the display device 114, a graphical representation of the pin utilization
metrics for sach different type of cell of the standard cel] library 116 that was placed in the
layout. In this regard, after performing the utilization process 500 to identify each instance of
two-input logic gate standard cell 200 in the layout, aggregate the routed pin connection
tocations across all the instances of the two-input logic gate standard cell 200, and determine
pin utilization metrics for the pin connection locations of the two-input logic gate standard
cell 200, the analysis tool 112 and/or analysis process 400 may display the determined pin
utilization metrics on the display device 114 in association with their respective pin
cormection locations. For example, as illustrated in FIG. 6, the analysis tool 112 and/or
analysis process 400 may display a graphical representation 600 of the standard cell 200 on
the display device 114 that includes graphical representations of the pin connection areas 202,
204, 206. As illustrated in FIG. 6, in an exemplary embodiment, the analysis process 400
and/or analysis tool 112 graphically indicates the possible pin connection locations for the
pins 202, 204, 206 of the standard ceil 200, for example, by displaying a graphical

-
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identifying, for each instance of the cell in the layout, a possible
connection |ocation of the plurality of possible connection |ocations for
the pin corresponding to the respective routed connection |ocation;
determning, for each possible connection location of the plurallty of

0ssi bl e CORpREdni0h draGaAbIANS: 18 pRSBIRSH BfneldolBRaloRab: LEFRAKLLYG, POSSI bl €
gonn;ctlon Pﬁ atfon I ) ?z%“ Fn t %nfa;SJF aged 0H£§he 5881Dl e

connection PodSRP&i ?%%ﬁ?WPFeHdW%HOé%Wﬁml%s@%ﬁ%@a6@mﬁﬁém€épﬁ$knwvhe Iayout
and corgetier ktanbmrg 4 l&t&nﬂiﬂcdt wzlabieQmb®h&iLand e@xﬁlyilshiﬂ 05@&3?0@§1ndt0]t]et ﬁel

th si bl e, connection | ocation_o e
B?ﬁ?glﬁ?y Ogmgggﬁﬁgpenmgﬁﬂg egideged F%ﬁ%ﬂPg?]?ﬂ%“ﬁpﬁ“?hm%WWF’?%d in the
| ayout . 322iﬂ%f@Tﬁ@mWBt%béﬂwﬂnahanﬂmmu@wmegeﬂnwﬂe@emﬂmmm@@fwhe

utilizationovemyihd %ectﬁtmﬁ'p%%%léjﬁtaq,romemoﬂgocﬁi]&?r @niﬁgﬁ%ﬁo{lsu}ohev@u oy ality Of
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connection focatlon IS utlllzed in the | ayout based on a nunber of routed
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corresponding to their associated possible pin connection location, As illustrated in FIG. 6, in
an exemplary case, the routing tool 110 utilized pin connection location 302 of the first input
pin connection area 202 twenty times (or approximately fifty-nine percent of the time) and
utilized pin connection location 304 of the first input pin connection area 202 fourteen times
{or approximately forty-one percent of the time), indicating a relatively balanced utilization of
the first input pin connection area 202. The routing too} 110 utilized each pin connection
location 306, 308, 310, 312, 314 of the second input pin connection area 204 at least once, but
utilized pin connection location 314 over fifty percent of the time and more than twice the
next most utilized pin connection location 310, indicating a less balanced utifization of the
second input pin connection area 204. The routing tool 110 failed to utilize each pin
connection location 316, 318, 320, 322, 324, 326, 328, and in fact, used only two connection
locations 324, 326 of the possible pin connection locations, indicating a refatively unbaianced
utilization of the output pin connection arez 206 by the routing tool 110. Accordingly, a user
may attempt to rationalize the behavior of the routing tool 110 with respect to the second
input pin connection area 204 and/or output pin connection area 206 {(for example, the
unbalanced utilization may be attributable to design rules or other constraints), and if the user
believes the unbalanced utilization of the second input pin 204 and/or output pin 206 is
attributable to the layout and/or design of the standard cell 200, the user may redesign the
standard cell 200 to reposition, resize, or otherwise rearrange the second input pin connection

area 204 and/or output pin connection area 206 within the standard cell 200 to achieve more

14



for each possible connection |ocation, displaying the nunber of times that
respective possible connection location is utilized in the layout overlying
a location on the graphical representation of the pin coverage area
corresponding to that respective possible connection | ocation. 9.

The met hod @ik alRiafion WY Loy ms&%rn%pcagn hRE Ry AFHLAN ARLLIE T urt her

conprises determ ning, for each possible connection
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per cent age HW@HI9@ﬁﬁ“§TWH@aﬂpoﬁa@hwﬂhém@w&bWﬁwapaméﬁﬁbéénmaUBdmw@f the pin

cover age ar @ahGRE ro@Sﬂ&@@Mﬂ@ilﬁﬁlist hatiel @8 ReGE |a\d@1ti@p§)s 'd#é’pl) £k O %?a%fx E
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to obtain a eptggleaﬁ?on qf R&S é%%ﬁ y&gﬁa&.qug?aﬁ@n metrics, the ana!ys1s process 400 and/or
analysis tool 112 may display a table 700 on the display device 114 that graphically
represents the utilization metrics for one or more standard cells of the standard cell library
116. In the iftustrated embodiment, the table 700 includes a first column 702 having entries
corresponding fo the individual input/output pins of the standard cell and a second column
704 having entries corresponding to pin utilization metrics for the respective input/output pins
listed in the first column 702, wherein a respective pin utilization metric and its corresponding
input/output pin are aligned in the same row of the table 700 to graphically indicate their
association.
[0038] In an exemplary embodiment, the second column 704 includes pin utilization
metrics that indicate the percentage of the possible pin connection locations for each
respective pin that were utilized by the routing tool 110. For example, in the exemplary case
described above in the context of FIG. 6, the routing tool 110 utilized both pin connection
focations 302, 304 of the first input pin connection area 202, resulting in an overall pin
utilization metric for the first input pin connection area 202 of one hundred percent.
Similarly, the routing tool 110 utilized each pin connection location 306, 308, 310, 312, 314
of the second input pin connection area 204 at Jeast once. However, as described above, the
routing tool 110 only utilized two of the five possible pin connection locations 320, 322, 324,
326, 328 for the output pin area 206, resulting in an overall pin utilization metric for the
output pin connection area 206 of forty percent. In the illustrated embodiment of FIG. 7, the
table 700 includes a cumulative pin entry in the first column 702 that represents ail of the pins
of the standard cell 200, and a cumulative pin utilization metric in the second column 704 that
represents the percentage of the total possible pin connection locations of the standard cell
200 that were utilized by the routing tool 110. In this regard, for the exemplary case

described above, the routing tool 110 utilized nine of the twelve possible pin connection
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identifying each instance of the cell placed in the |ayout, resulting in a
plurality of placed cells; i dentifying, for each placed cell of the
plurality of placed cells, a routed connection location utilized by the

| ayout to connect to a first termnal of the cell, resulting in a plurality
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conprlses.
For example, in some ecmbodiments, the analysis process 400 and/or analysis tool 112 may
display a table that displays pin utilization metrics for multiple standard cells of the standard
cell library 116, Furthermore, in some embodiments, the table displayed by the analysis
process 400 and/or analysis tool 112 may dispiay entries for each possible connection location
for each input/output pin of each standard celi of the standard cell library 116, wherein the pin
utilization metric based on the number of times that respective possible connection location
was utilized by the routing tool 110 {e.g., the number of identified routed connection locations
corresponding to that respective possible connection location or the percentage that the
routing tool 110 utilized the respective possible connection location of the pin) is displayed in
association with each respective possible connection location.
[0040} To briefly summarize, one advantage of the methods described herein is that the pin
utilization metrics for the input/output pins of standard cells of a standard cell library may be
determined and presented to a user in a manner that allows the user to analyze the utilization
of the pin connection areas for the input/output pins and identify any pin connection areas that
may result in subsequent routing failures. As described above, when the pin utilization
metrics indicate that a pin connection area is underutilized or used in an unbalanced manner, a
user may redesign the pin connection areas of the standard cell and/or medify the routing tool
and/or router technology file to achieve more balanced utilization of the pin connection areas
of the standard cell by the routing tool to reduce the likelihood of routing faitures in
subsequent designs.
[0041]  For the sake of brevity, conventional techniques related to integrated circuit design,
EDA design flows, and other functional aspects of the systems (and the individual operating
components of the systems) may not be described in detail herein. Physical embodiments of

the subject matter described herein can be realized using existing semiconductor fabrication
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di spl aying a graphical representation of the first termnal; and

di spl aying a graphical representation of the connection |ocation
utilization netric for each possible connection |ocation overlying a
| ocation on the graphical representation of the first term nal
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utilizati Ontl{g‘%&ﬁ}slﬁecﬁ%uttohﬁ}e cfe&l%km%z crmrtn nal of the cell. 20 14. The

met hod of cla
[0 042] Whl]c at least one exemplary embodiment has been presented in the foregoing

detailed description, it should be appreciated that a vast number of variations exist. [t should
also be appreciated that the exemplary embodiment or embodiments described herein are not
intended to limit the scope, applicability, or configuration of the claimed subject matter in any
way. Rather, the foregoing detailed description will provide those skilled in the art with a
convenient road map for implementing the described embodiment or embodiments. It should
be understood that various changes can be made in the function and atrangement of elements
without departing from the scope defined by the claims, which includes known equivalents

and foreseeable equivalents at the time of filing this patent application.



identifying the routed connection location for each placed cell of the
plurality of placed cells conprises determning, for each placed cell of
the plurality of placed cells, a coordinate |ocation for a connection to
the first termnal of the cell; and determ ning the nunber of tines
that each respective possible connection location is utilized in the [|ayout
conpri ses determ ning a number of placed cells of the plurality of placed
cell's having the coordinate l[ocation for the connection to the first

term nal corresponding to a respectivegcQpidi nate | ocation for that
respective pQ§S|bIe connection |location. 15. The nmethod of claim11,
further conprl &f fgaimedis: identifying, for each placed cell of the
plurality of placed cells, a second routed connection location utilized by

the |l ayout to connect,tgo a cell, resulting in a
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onnection | ocati ayo and di spl ayi ng the second
ﬁtlllzatlon netrlg%ghﬁ$#£éﬁhé%qnhpﬁg na&m%ygmmm 16. A conputer-readable

medi um havi ng conput er - executable |nstruct|ons or data stored thereon
execut abl e by a coenputsk RGhEEV cGbn t, Fherein displaying the utilization metric comprises:

displaying, on the display device, a graphical representation of the cell, the graphical
representation of the cell inciuding a graphical representation of a pin coverage area for the
pin; and

displaying the utilization metric overlying the pin coverage area.

3. The method of claim 1, wherein displaying the utilization metric COmprises

graphically indicating an association between the utilization metric and the pin of the cell.

4. The method of claim 1, wherein displaying the utilization metric comprises
displaying a table indicating an association between the utilization metric and the pin of the

cell,

5. The method of claim 1, wherein determining the utilization metric comprises:

identifying, for each instance of the cell in the layout, a possible connection location
of the plurality of possible connection locations for the pin corresponding te the respective
routed connection focation;

determining, for each possible connection focation of the plurality of possible
connection locations, a number of times that respective possible connection location is
utilized in the layout based on the possible connection location identified for each instance of

the cell in the layout; and



obtain a |ayout representative of a netlist, the layout utilizing a cel
library to inplement the netlist; identify each instance of a first cell of
the cell library placed in the |ayout; determine a utilization metric for
the first cell based on routed connection |locations for a pin of the first
cell utilized in the layout for the identified instances of the first cell;
and display a graphical representation of the utilization netric on a

di spl ay devi ce comruni catively coupled to the conputing device. 21

17. The conput er - r gagdahi.e tl@ﬂiiﬁﬁmlpﬁletgé Ar rﬁ%eﬂ-&n ofé\mt@'bgl Busdd"§ the number of

conput er-execut abl e instructions or data stored thereon are executable by
the conput i nd"HefA’t 8ostiBle qeerin lveation o herleliy abprstible etnicHat aedensder t he
first cell i nhetphes biayalit thedyh@spective routed connection |ocation utilized
in the layout to connect to the pin of the respective instance of the first

cell, resulting in the plurality of routed connection |ocations.
6, The method of claim 1, wherein determining the utilization metric comprises

determining a percentage of the plurality of possible connection locations that are utilized in

the layout.

7. The method of claim 1, wherein determining the utilization metric comprises
determining, for each possible connection focation of the piurality of possible connection
locations, a number of times that respective possible connection location is utilized in the
tayout based on a number of routed connection locations of the plurality of routed connection

locations that correspond to that respective possible connection location.

8. The method of claim 7, further comprising:

displaying, on a display device, a graphical representation of the cell inciuding a
graphical representation of a pin coverage area for the pin; and

for each possible connection location, displaying the number of times that respective
possible connection location is utilized in the layout overlying a location on the graphical
representation of the pin coverage area corresponding to that respective possible connection

location.

9. The method of claim 7, wherein determining the utilization metric further
comprises determiring, for each possible connection location of the plurality of possible
connection locations, a utilization percentage based on the number of times that respective
possible connection location is utilized in the layout and a number of instances of the cell in

the tayout,

10. The method of claim 9, further comprising:

displaying, on a display device, a graphijcal representation of the cell including a
graphicai representation of a pin coverage area for the pin; and

for each possible connection location, displaying the utilization percentage overlying
a location on the graphical representation of the pin coverage area corresponding to that

respective possible connection location.
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18. The conput er-readabl e nedi um of claim 17, wherein the
conput er - execut abl e instructions or data stored thereon are executable by
the conputing device to determine the utilization metric based on the
plurality of routed connection |ocations and a plurality of possible

connection | ocatigns,f ine : .. The mput.er - r eadabl e nmedi um
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respective possible connection location is utilized in the layout; and

displaying the utilization metric on a display device.

12, The method of claim 11, wherein:
determining the utilization metric comprises determining, for each possible
connection location, a conrection location utilization metric; and
displaying the utilization metric comprises:
displaying a graphical representation of the first terminal; and
displaying a graphical representation of the connection location utifization
metric for each possible connection location overlying a location on the graphical
representation of the first terminal corresponding to the respective possible connection

location.

13, The method of ¢laim 11, wherein:

determining the utilization metric comprises determining an overall utilization
metric for the first terminal based on a number of different routed connection locations of the
plurality of routed connection locations and a total number of possible connection locations
for the first terminal; and

displaying the utilization metric comprises graphically indicating an association

between the overall utilization metric and the first terminal of the cell,
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14, The method of claim 11, wherein:

identifying the routed connection location for each placed cell of the plurality of
placed cells comprises determining, for each placed cell of the plurality of placed cells, a
coordinate location for a connection to the first terminal of the cell; and

determining the number of times that each respective possible connection location is
utilized in the layout comprises determining a number of placed cells of the plurality of
placed cells having the coordinate location for the connection to the first terminal
corresponding to a respective coordinate location for that respective possible connection

location.

15, The method of claim 11, further comprising:

identifying, for each placed cell of the plurality of placed cells, a second routed
connection location utilized by the layout to connect to a second terminal of the cell, resulting
in a second plurality of routed connection locations;

determining, for each possible second terminal connection Jocation of a plurality of
possibie second terminal connection locations for the second terminal of the cell, a number of
times that respective possible second terminal connection location is utilized in the layout
based on a number of routed connection locations of the second plurality of routed connection
locations that correspond to that respective possible second terminal connection location;

determining a second utilization metric for the cell based on the number of times
that each respective possible second terminal connection location is utilized in the layout: and

displaying the second utilization metric on the display device.

16. A computer-readable medium having computer-executable instructions or data
stored thereon executable by a computing device to:

obtain a layout representative of a netlist, the layout utilizing a cell library to
implement the netlist;

identify each instance of a first cell of the celf library placed in the layout;

determine a utilization metric for the first celf based on routed connection locations
for a pin of the first ceil utilized in the layout for the identified instances of the first cell; and

display a graphical representation of the utilization metric on a display device

communicatively coupled to the computing device,



1. The computer-readable medium of claim 16, wherein the computer-executable
instructions or data stored thereon are executabie by the computing device to determine, for
each identified instance of the first cell in the layout, a respective routed connection location
utilized in the layout to connect to the pin of the respective instance of the first cell, resulting

in the plurality of routed connection Jocations.

[8.  The computer-readable medium of claim 17, wherein the computer-executable
instructions or data stored thereon are executable by the computing device to determine the
utilization metric based on the plurality of routed connection locations and a plurality of

possible connection locations for the pin.

19, The computer-readable medium of claim 18, wherein the computer-executable
instructions or data stored thereon are executable by the computing device to:

identify, for each instance of the cell in the fayout, a possible connection location of
the plurality of possible connection locations for the pin corresponding to the respective
routed connection lecation;

determine, for each possible connection location of the plurality of possible
connection locations, a number of times that respective possible connection location is
utitized in the layout based on the possible connection location identified for each instance of
the cell in the layout; and

determine the utilization metric for the pin of the cell based on the number of times
each possible connection location of the plurality of possible connection locations for the pin

is utilized in the layout.

20. The computer-readable medium of claim 16, wherein the computer-executable
instructions or data stored thereon are executable by the computing device to display a
graphical representation of the first cell on the display device, the graphical representation of

the utilization metric being displayed overlying the graphical representation of the first cell.
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