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CONSTRUCTI ON OF VOLTACGE | SLANDS FOR M XED SUPPLY VOLTACE DES ND

OF THE I NVENTION 1. Technical Field This invention generally relates to
comput er - al ded (NEWRRENT [OGICAE, ANB PAYSROAIC CONSTRUCTION'GF
ogi cal and p C

specifically relates to concurrent ysi cal  construction 0

voltage i sl anqaniorA RASIANDS ROR BIXEEPSUPPLY: VEEH eI HISIGNS

swi t chi ng power gt clrcuits increases as the square power
supply voltage increases. Thus, reducing this voltage is desirable for
reduction in circuit power consunption. However, reduction in power supply
vol tage al so reduces circui tBREKIGROENIEOFTEFSNVENTION S desirable to
conbine circuits driven by a higher power supply voltage and circuits
driven by a | ower power supply voltage (hereafter referred to as high and
| ow voltage circuits, respectively) on the sane chip. The high voltage
circuits arelubsshngsldiiddneeded to achieve the desired circuit performance
and the low voltage circuits are used el sewhere. Wien high and | ow vol t age
circuits are conbined on a sem conductor chip in this way, it is desirable
t o physically grollustinenliavgenetailageates tocoirpstet-agled bakcerhent lobwirauits bage
"islands" and to separately group the high voltage circuits together into
hi gh vol t ageSegpnsiygier chimyingd mare spestiva iy ietatesde sorrepdogirgind piysieil vol t age
power suppl i - di I ~ i i i on networ ks and, by
gr oupi ng theg%F?éﬁFgéﬁké%gﬁﬁgﬁgﬁ g%ﬁ%%ﬁéhﬁﬁgw%%é%ﬁ%5$§b power supplies
needs to be distributed within each island. This reduces the anount of
extra wiring,resource.required to distribute the two power supplies, -
~ ~1U G 200 %#§F§%§Mg%§§§ng nore wiring resource available for signal
wirihg. Utimately, this allows the sem conductor chip to be smaller and/or
fewer wiring plan ﬁ to be re uirg%..Vhen.hhgh and low voltage circuits are
conbi ned on a chi ﬁ,e Daicting pawen ok disitel cirguitsniergpses at b sauare gl the gever sHgPLy
signals fro tWRG sl T8 ' h&ﬁhg : [ . hi I
circuits caghg%%gctlysﬁﬁﬁ$£&ﬁ%%kvo taggm%%pgE??%¥@f§ﬁ%%%u§%gg§g¥ﬁI%QQF

i nt erveni ng cinsgmptiory, Hipu¢vet, oeduetdrt mgever suppist wlbhgedsngdhiaghirvgt t age

circuits nust Erive t n1%hroqgg sp%fial "Level-shifier" circuits. Such
circuits addPErERANGSoWSFTeiorydt 1§ EFHiRLEdO COHBOIRE CiRpHE drypbbit Bigher pawer s

desirabl e t om0 Y I; - i ' 1, 14 | e

2t ch i rout TPBa Es Mot e TR G o b B el B84

| ow vol t age bigheud {sv sslegs elr@dts edspotitdhg tontilreyant dhie t The Higledbllagt clh@sts atdie
nunber of |evel-shifters needed can be reduced, The nunber of o

| evel - shi f t epsedydisErsRperled toysiuew ‘%9 dpsred cBeMiREriouRIRgRiaRg therlew yeltege ciicuds| v
connect ed Ciﬁ%?ﬁ&?ﬂ%ﬂﬂﬁhﬂh or low voltage. In summary, placing high voltage
circuits in hi voltage islands and | ow voltage circuits in |ow voltage
islands typically minimzes the nunber of |evel shifters used. This al so
reduces the nunbe i -he _hij and | ow vol t age power  must
route, thereby regﬂgﬁ#8*%%@2?&3?@@?%?8%&6%9%%Q?2? %%%%W@??mPﬁgggnPg}gﬁhs
may not be cwagucis\desitadledo@Hydiedly galupphaloe@Mthge ERNIE 1ML 16w SbEAQAl M ght
have to run quite a | ong distance to a hi?h vq%tage i sl'and and then from
the hi gh vol tialgeds”sind teisaparakely grovp thediigly yoltepacirause ogethiesingi lyplalvoltaphi s coul d
actual |y dec&.ease...perf.or mance,j nstead of .increasing it. Thus, .a poor

pl acenent reéﬁﬁP&ch P%“ﬂ%@gﬁhkﬁmgﬁﬁﬁﬂﬁhﬁ@igdﬁgwPﬁgﬁﬁﬁggﬁﬁﬁﬁwh@% &t her

net hod used {igkiveicaahisBghrath aRuraRdoh ﬁt‘ﬁ/_\%ﬁdstaﬁg,%ypgr{)lﬁiﬂh% felofohiRgh®ablands,
clustering. In logical cluster, the high and I'ow voltage circuits are

desi gned - natly bne ofdh¢ tgrepdvedr anpgtdies népds edbeotistabmaé etithid dagh 1sElendihiss i n a

circuit that geed to be faster are , o .
reduces the amount of exira wiring resource required to distribute the two power supplies,
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changed t'o higher voltage, while slower, non-critical elenents rcgﬁggmlf
to | ower voltage. This solves the placenent issues caused by high

voltage island clustering, as the data paths are not noved. However, the

di f ferent pothereby lgapingesoramsting@resotce-availalfe 20 EnbEWHNS! U1hHbRE, MEENMAET €

and logical clustering cap trenendously increase the nunber of |evel
shifters. Thi€sempisapdicias chipria kg smalleriantifor femver avingiplangs tpbowsquiredit i ng and
| evel shifters, yet still allowcritical data paths to neet timng

requi rements. DI SCLOSURE OF THE | NVENTI ON The preferred enbodi nents of the
present inventi onWwhheghtanddew yoitdgeamsuityarpraubidedion bohib, daaginted alartst

physi cal cons{(ru ti on of vgjl&%a e.is gtgds. The p{e_fe,rred enbodi ments of the
present i nveRETHIOT BERIahare Vﬁlépﬁ’l%}?h' M QRGPS BT GEutdy Hetotlr s Typicadlvobighie
fewer |evel bt & : Log, Byt .still et timng.and

ot her requirene tsél,lbgg?l% {ilg%glyla&% 03\/&; gésffaﬁgglgcr#? t:slg’véﬁlarfol V&R 18@8’%1“53’?”“@’

const ruct i orbwlow keltagelcirage fesdignbigh vERVRICIVSRASU A ARVO 8cfH tlﬂ'}JﬁEH %%c\mi le
speed constraints, in particular, are net. In one aspect of the present

i nvention, a lewhskifadsaceis. cush cuesisgudiaseappevrdrt drdniethyitatle debieik” , whi ch

are areas ofthe design.. | his.way, a sem conductor clop design may be

"sliced" i ntrg%e\r/%(r)riebﬁésg%rs & tgs]e g’ﬁall]frﬂg)éél?eéra err:lﬁ/mf‘%ﬁf%‘ét fé%‘gie&rhé@ ’t’@_ta@a{ﬂt@ijs.

vol tage | eveliguitEasthdbhdlct@¥hierstd ay ahditiofal 855t 2THY. 4898 voik rbtq'rﬁuﬁ fguits In
ereby

the design can be added to or renoved from the various bi nsg,aé
i ncreasi ng oelegied se dlit thyy divectlyfewlathes, pewemtof of lbe:l chiftetsidesdedtdag bspeed and

power increase. if circuit .is placed into a bhin assigned a_ hi gher voltage,
and the speeraglffﬁg‘ %%Wﬁ%@f Legglésqlalger%n?ﬁgf’&fiWplPaélyﬁP%é@Ib}’ AtsegnangogrAvpreedi ng a
| over vol t agfosell1@nfidctdd Afitd BHH FoBfvoldle, PI ns may al so be changed. By

iterating these steps, the optinum power nsunption nay be net while still

neeting speed constraints and other criteria. Thus, instead of solely

adding circuits t - 1Sl sol.el.y, det ey m ni.ng, whi.ch circuits
need hi gher vol talgeS angk%%gdﬁ_ld{lg%g ?ﬁ%?gé (C:llr‘fu_étﬁi”%/g’ggéjo fa5Hp ‘%Foqnfij@@ VPQ@E’@I s,
the ~ ~ ~wiGu2dBdopreReietislandkanpicAly GRFDIZBEGe hD8BEr MR LAREEPLSd. THEs

present invention uses both physical and | ogical construction of voltage

i sl ands to fereiassdreaumbaref Risges & Which tiehigh angl lawswltageoproves trorst chiep

design into g@n}g : | Sy: I ne;;way of . placing circujts in a
de:: gn. | The ﬂg?re ent8 ﬁ?u%%%%}?ﬁgtﬁgﬁgﬁ%@%agf“é/g\fe& tg%ﬁ 133%‘%@@??:3’&0% ?l?sf?n:d&}ﬁlﬁ%nt
that proceeds gbdd byihl Suearssi Mg ekahplBai®ital afigitthavd @Gah h@i@ega E;gtdmance

circuits on the design and in which the placement process may
i nt errupt ed ¢ 8 higkvoliageiskad and then foantba tugbfvoithes islegd back to circuitry that uses

this signal. This could actually decrease performance instead of increasing it. Thus, a

poor placement result occurs for what should be a better placement.

Another method used for creating high and low voltage circuits is logical
clustering. In logical cluster, the high and low voltage circuits are designed — not in |
| voltage islands — based on connectivity. Elements in a circuit that need to be faster are
changed to higher voltage, while slower, non-critical elements are changed to lower

voltage. This solves the placement issues caused by high and low voltage island

clustering, as the data paths are not moved. However, the different power supplies must



The foregoing and ot her features and advantages of the preseny I
willI' be apparent fromthe foll owing nore particul ar descriptiln’gwﬁzizﬂﬁ4
preferred enbodi nent of tile invention, as illustrated in the acconpanying

drawi ngs. BRItERIDEBERI BidrEkheiFakHBg RAMINGS gk SirerhehdoudlyREGERE HRGRIPRE
for providinq b?th | ogi cal and physical construction of "voltage islands in
accor dance wi €Yl eherpst preferred enbodi nent of the present invention;

FIG 2 is a preferred nethod for noving circuits between bins to inprove
speed and decrease power and congestion; FIGS. 3 through 7 are exanpl es of
a logic circuit in various stages of placenment in accordance with the
nmethod of FIG 1; FIGS. 8 and 9 are exanpl es of power reduction steps taken
by a preferred enbodi mrent of the present invention on an exenplary

pl acenent ; and FI GSus g Adedab Enfid @WagBRIS pOlerdos@onA INLLIERLE] et hod
in accordance with a preferred enbodi nent of tﬁe prese invention. ‘4 ~ ~

AU G 2004 BESH!ntpESytiFdRagaRbs tINGeoUTmifigEeqMVENTISON As st at ed previ ously,
the present invention relates to conputer-aided placenent of circuits on a
sem conductor chip. For those not famliar with this topic, the foll ow ng
Overvi ew section briefly int rDISCEOSTRIEOSF THRINGENENDSN associ ated with
pl acement processes. Those skilled in the art of conputer-aided placenent
of circuits on a sem conductor chip nay wish to proceed directly to the

Det ai | ed Descri pt iThe preferred embodiments of the present invention solve these problems by
providing both logical and physical construction of voltage islands. The preferred
embodiments of the present invention combine both physical and logical synthesis to
provide fewer level shifters and less power routing, but still meet timing and other
requirements. Additionally, by using an iterative process for construction of the voltage

islands, power usage can be minimized while speed constraints, in particular, are met.

In one aspect of the present invention, a semiconductor chip design is partitioned
into “bins”, which are areas of the design. In this way, a semiconductor chip design may
be “sliced” into various areas and the areas may then be assigned to various voltage levels.
Each bin may be thought of as a voltage island. Circuits in the design can be added to or
removed from the various bins, thereby increasing or decreasing the speed and power of
the circuits: the speed and power increase if a circuit is placed into a bin assigned a higher
voltage, and the speed and power decrease if a circuit is placed into a bin having a lower
voltage. The size and location of the bins may also be changed. By iterating these steps,

the optimum power consumption may be met while still meeting speed constraints and

other criteria.

Thus, instead of solely adding circuits to a voltage island, or solely determining

which circuits need higher voltage and changing these circuits to higher voltage levels, the

3



Overvi ew'When a sem conductor chip is designed, conputer desi gT rﬁ_c;lgbi; ?roﬁh
, used. These tools work on and produce a file called a "netlist ‘" !
netlist contains a description of all of the gates and the connections

bet ween t hempreleig@fienfBdlbGhibiheCthesR tH8biRBl. TR Bedlnt YnvdRE disusid B&hgvh sical
simul ated | ogical |ayout of the chip. In other words, the sem con Ut of
clop will perhdlogiebemstrustioniodmoltagadslitis tdestigneleteamiisd estetinat t he
sinmulated chip actually logically perforns the function. Wen the actual
chip is ready to be made, clop designers use a. placenent tool that takes

the original netl il5tidant eheahascanchaddditn inthhanRlRE SMEAS istoﬁwhqde%w@io\fe“ the

netlist, timng constraints, placenent constraints, and sw tching

i nf or mat i on. pAduigtaireni iy designwilhe peeben itbentginveappliceblans esy fllxainedescri be
the timng of the Wif[aﬁ’f}?nd taehgatggs and.tha%, contfaﬂ%]tg he rules of

pl acenent, t RVEIPPENLTA HAKSES huehsucqys e eliganent eiﬂc%‘é‘ﬁé’ﬁfhet%félﬂts on
out puts a nogifd St I i Th re then fed
"o o wring el har o AR o b EB L e SR Pl o
actual l y creaptaeerhtre ofthiedogga a sem conductor wafer. There are several
different types of placenent systens. One inportant systemis called

Pl acenent Driven Synthesis, or PDS. A reference for PDS is "An Integrated
Pl acement and Syntrhe fdrégonparastie: fQikurdd 4Ad beHet ; :

M croprocessor”, S. Hoj§gat and D. Vill arruwggtﬁg;gggthggé&?glg%& Wi be

| nt er nat i onaPPREe#T &ioanide folpvwdagrmategrartdadir gagerip8@vof thdpreferied eimbodineat of thel
herein by refer ence, ,%1 P (iés]tbem al | ows I%gi cal changes to a network to be
made during BHECEHeAL? ulyg%e f 4GCOmpimAne EWVIngd: 3 AU G 200g based

pl acenent program and a set of operations to be perfornmed between cuts. A
cut based pl acenent progr i1l recursively divide the chip area and the
circuits on the clop Gene%bpﬁcﬁlgn@\l FAREBBAWINGSE| op in two

(t hough quadri section nethods, which divide the chip into four parts, are

al so known), then gfia\/i des each of these halves in two, and so on. At first,
nothing is known abéutisermsciegehmethpd fos parviding bath dogicalipndphynicalonstrigion afd
after each s - ~ i i i are refined.. The regions into
whi ch the chi%{’)ha%fgslﬁ e%r%Itl gl&\?fdéé%{m g%;%%?%fmﬁeﬁe %8515163§(%fﬁléwref)eflgcess are
referred to asefitims”. In PDS, various "logic synthesis"” actions (generally
any program which nodifies the netlist) are perfornmed between sets of

pl acenment cuts, allow ng nodifications to be nmade to the network based on
the refined know BUHe ifa préfeed tethb@ LR MR ing i BN &Rl s (TYRb&AL sAkhi ons

i ncl ude buffering, cloning Sdupl icating a circuit and distributi ngﬁti%ts
fanout bet weahf dececase pveiand epngssfian; and t he copy), factoring, pin swapping,
etc. Cccasionally, circuits are al so noved between bins. Anot her exanple of
a placenment tool and nethodology is a sinulated annealing placer. Such a

pl acenent tool opEKat Ssthispghiarogymplesof @ hegiqplingsit davarmoneagdsng phicerdent in
crystal, makin ny trial a to the placenent. Each of these trial
changes may %%C%R%gfy‘g}tﬁﬁﬁdﬁﬁgo‘g‘%ﬁﬁdﬁng on the inprovenent it nakes to sone
metric of the "goodness" of the placenent (e.g., estimated wire congestion)
and a "terrperaturg"%g riﬁ | e which hel ps to_control the annealing process.
The process begi nEIGY SN e BXamassAl prwerdrdncyen steptiakenbya preferednper at ur e

as the pl aceggpbdipk | i e the netric are al ways
kept while cﬁiglnges e&%@ﬁ%ﬁ?ﬁﬁﬁ%@ O}Qnﬁeab(ré?%ﬁ&qg@g’yaacenﬁ?%b%%l lity of being
kept, which decreases as the tenperature decreases and as the anmount of
degradation of th i ¢ increases l,acement progresses, the
aver age di stance glcgélﬁﬁgifqﬁq}l élpeﬁﬁno e%clhairtﬁo {f\seéf%%]ﬁr?éﬁ‘%%f%ﬁgﬁé’ﬁ?g@ H@%Wltﬁa
decreases. TpiferretlRfibbiaRhi OMBe flsént GMiifop. on the chip are progressively
better known. Detail ed Description 6 ~ 3 AUG 200g




The preférred enbodi nents of the present invention conbine bot qomrc?hmr
and'l ogi cal synthesis to provide fewer level shifters and | ess!go U -
routing, but still meet timng and other requirenments. Additionally, by
using an iterative pm}SqSMéDE(Séqi‘GR@MRYINt bta TAE RGCENTIORAS, power
usage can be mnim zed while spéed constraints, i1l particular, are nmet. In
one aspect of the present invention, a sem conductor chip design is

partitioned into 'A\hipng, i e of. the design. In this way, a
seni conduct or chi épé{eageldé) rrlwrlr%%@b%e}{e"psf%e@ggwnﬁl At (r)e?év(ésrtlogg%lpgt%%féeéﬂlacﬁ“ﬁeé’t 8f eas
may then be assiitgord stiRicsAdiceShiOIHoaaRsd fUEhRiliaERGH thi t@pr@mel?@ll&\ﬂﬁgght of
as a voltage island. Circuits in the design can be added to or renoved from
t he vari ous Piversiewt ssetiabyridfiyonteakicesgonre of drreensptigisthiataipeitidplacangnower  of
the circuits; the speed and power increase if circuit is placed into a
bi n assi gnedpréfc‘ﬁ’?ifhgﬁlowq‘t‘qg@é}” eliremppieEaidghalap el ok EagRai f a
circuit is p I i i : |ze and | ocation
of the bins ﬁgeﬁdgg%gcelﬁ%E{éﬂgﬁlgﬂoggoci%?aegl\aéﬁlx\g{ﬂl g%gaxlgggggﬁlptﬁﬁg opti mum
power consunption nay be net while still neeting speed constraints and

ot her cri terb@ervi'ggps, instead of solely adding circuits to a voltage

i sland, or sotety determ ning which circuits need higher voltage and
changing these circuits to higher voltage |evels, the present invention
conbi nes these t concepts. The g_]res nt igventi on uses both physical and

| ogi cal construct I'0f" 81 fi‘%éoric_ PR HES OBt UST SERgTeloRs REsHsed Thea.
Dividing a sgRlsGRRrYa bRl palft ARRIEed DMRiR AURE00h Hss L § s%ﬂg% ey
of placing circuits in a design. The present invention Is appfl caple to any
pl acenment enefi thogatesund thatommeadee tetwebr tegh /s iraeasiuver ciép HavgRnperefallyhe

| ocations of the circuits on the design and in which the placenment process
may be int erY"H%tgé’ﬂthtaoSIWHl%éedgH&lﬁ@é@’quhoﬁp%l@@PremOtbqr Vi, thegiericopducter Bip-1U G
200g Before i i DT i 1.0 r .emhodi nment s,
it is benef i‘gpg %%hgggg%%tlgg’ra%d%ﬁs%gé%r@ S%E%%Qﬁtggéﬁlu%éae&%? gé.%ug an area
of a design lpicallspaioan diedinstionhiVhenEhefethil bhibSs Rady PBeResse! diiydassicaned
to a particul ar \ioltage. A voltage island is also an area of the design
that is assig¥éddEmsniiarlthetirkes Rieorricinpd nethpt andicregigs g1 optput Hhepddcemgat

island wll ] - part | t i ch the.voltage
island is astglslglﬁ%ﬁﬁﬁﬁy&%féggwggf&g%{ngﬁp }ré%ﬁl%g%%%sg%u\q?soarbdewlgcmgbot h

physi cal andinfeghteal. Ayditihediysit asll diss bt geedlibaried hat BuGibeahdiBRGMEMe
system in general, would assign a set of circuits on a portion of a chip
design to a YWHF eRdiiegatey and tigbcangare fhe rales elcplacgment; éhe size antehaphs pf Hegitgn,

and assign clcyy it hi t Lfferent valtage | evel., Mvenent
of circuits %u%é %%%&l}{re%{gf) %/\gg%&% ﬁgn%i% élrghlg{n%fdl pg"\ilxcléﬂrne tolf]gpﬁ?téoﬂlwg&]le%et &y

vol tage | evethen fed inptai wiriag ddd that geriegites ¢ masksm@8 btler Rf@a86h eERedhsBAly Of
the present invention, a chip design is sliced into bins. Each bin w Il be
a vol tage i steHethesBIPs spdepndygotar waleti cul ar vol t age. Sonme of the bins

w || be assigned a higher voltage and sonme will be assigned a | ower
vol t age. Thus, phTyhsi cal synthesis is performed. Wthin these physical
constraints, circlharsargseversdddtbrdnt grpesoladscenientvysthms. Qob iragretahosyateans of

| 't i to meet , _and oth iteria.
Lo ol o e VBB L8 et v ot and olfr e e
present i nvemhint A0 YHRRAs! r@icﬁ?&nﬁﬁﬁngus(?%%lﬁ%f e PORFER bg this version,

voltage islands will be assignéed to parti cations and bins will not
be used. PhyNhgaprozemsbrT,yiHogt asy bt Nelarsibiai, bdges 206 to DIOCIternalishali Cxghf&roneet O
FIG 12, FIG ¢2 il Fﬁ}t rat E§ _fé{@l.oc,k.di agram of the conputer Sést em of the
present i nvelt FORPUSTAeaens kPP T dgushys ancarperatedaarein By priencat & RIPSsystave

hani ' i I | 1
Computer Syor o ol Pl i RRBEIER: phBY EHATABRR 1T st Pad oot e

mufti-user conputing apparatus or a single user workstation. As shown in

t he expl oded view of FIG 1, conputer system 1100 conprises a main or
central processing unit (CPLI) 1110 corrected to a main nenory 1 |20, a
mass storage interface 1130, a termnal interface 1140, and a 8 ~ ~~U a
200



network interface 1150. These system conponents are int erconnec,tgg thbojﬁﬁ‘r
, the'use of a systembus 1 |60. Mass storage interface 1130 is u Au
connect mass storage devices (such as DASD device 1155) to conputer system
1 100. One spgsdd hiscdREP® ‘Ig'.}péggpQ' LS I ' rive ich may
store data to and15 r%ad d%t gra roma }/ng) Syﬁaﬁss{?ebt%g)g%ﬁ%@%e%éﬁeﬂ %\%ﬁ}ﬂmzo
cont ai ns one tasedpmlae@neppprogabi will ReQgikeaNividd (B chif lafcaWhl (18 SRR &) the 'oﬁlg’y.
data 1126, and an operating system 1128. Conputer system 1 00 utilize

vel | known viGengellyadsieds by diyidirgthaehisris twhdbovgh qoudriseetioprghatys wifch

conput er systgm.l Iog. t.o, behave as if they only have access to a | arge,
single stor aé@“@?‘nﬁetc H lﬁ?tfglérdjagﬁ’ aé‘éelé‘ég“‘i‘%“)rﬁb@@ Aryrdes eachef (hepe Balvgsdgéwo,
entities suchnase R At BRI oYhidd ' 5 . .Therefare, . while
appl i cation programs 1 | 2’2,%&%%8?@ &glagﬁtg%teg&ﬁ@%l%%g? %Oﬁ%%ﬁs SnEedhd at i ng
system 1128 and afbroaanh t@ of et de cirbuitrkication® aRyfikli20, those skilled in the
art will recognize that these are not necessarily all conpletely contained
in main nmenory 1120 at the sane tine. (It should also be noted that the

term "conputer systhemdiBiun whish ﬂh@@ﬁig)hﬁf» B didGRNGR) Gahi ¥ (& lggefi(gltt he

entire virtual nmenory of conputer system 100.) Operatihg system1 is any

sui t abl e opePaRdesiars yeferead to Thokies's Kn DS vamous Hbgargynihidis” @pipne@eaiallit iat
the spirit and scope.qf th esent invention is not linted to any one
operating sy$t "e&WmKﬁ‘é@l ?18@%8?{#‘5 HFWS%TeWthI@Wd)Pei"i% sglf ef plaeenet peip.e

appl i cation RIgeRModiddiohd @i bedhified & o dnese
application pr og?%m;oi S ar? I nt ggr ateegﬁ%%%%r?xgggyaﬁ%ﬁg% eg}mlog/ifdlgﬁ of
accor dance wifrbuit plecqpnens eowy availablet iTypicalAlcgions inelhdedadfeyihg, N dhiniddp RERRE Y
1120 are represent '.ong (e.],?. , electrical and timng paraneters) of "
circuit el em&HEY! ‘1@2‘51“(1 Hiineai el detiperibisioganebeicut 184 thewapyefartotiogrined
cireui tdesi gfapaah, ok 3sattndly’ GHitis SR Sved bt Bl Gy shown residing in
main menory 1 120, they nay exrst anywhere in the virtual nmenory space of
conputer 1100. In addition, while circuit elenents 1 |24 are shown separate

from desi gn tool ineuit el ements 1124 coul d al so, be provi ded

as an integral pahdogj%r F%\a?%gggﬁe@g%%egﬁﬁogl 4 gﬁeélﬁ(’d%@@ 152 ?@Eiat‘?ﬁésa%? nghe

di scussed i npiceatSuch dglabheltebd Wperhith 6@ LGS ﬁM&Hbﬁys@&?%&ﬁalﬁ%‘ﬁf aé:rr#ﬁélhg
ve

~ 3 AU G 200g is preferably a design tool that perforns Place
Synt hesi s ( PEBKIngrmanyteal chaagasie teplapemant. Keclseldhesd tiial chivgeQney e kept or

section, PDS slice oAyl esign into.relatjvely small_ areas cal]ed bins.
In this nost utﬁjérléer%edr% P%’é&egn(g]oﬁj?rl% £ Yer?ef?gltﬁl?arﬁs t?rsé?1 é’ée(ﬁn%%ftsw&o&@%es? sPithes and
criteria areplis@serdte.gtRimbtEWI ohebARNISRT PRehBSaRARENaRS d.

Al t hough conmputer system!| 100 is sr%ownn?o pon(taalﬁe:raonl yaa @?%%I%EECPU
and a si ngl eCeFEA Eip) apnealing psenesss Kibelpeatessrbegine ata highitdnhpeaqpyre and atoeeddsad at he

present invepnt] racticed using a gonputer. systemthat has
mul tiple @Us%;é%g‘)pgfa\{ uerJ?% ﬁlﬁlp acﬁr&glgéj.mgr% esacf&l‘a?"g??n‘%“?}hénﬁrﬂ‘feé}‘? BREY Afat are
used in the @hﬁfyeké;ﬁdvlﬁlé’lmﬁﬂgwMﬁcﬁ@ﬁ@rahé‘&'ekﬁ%icswra%{r&abfh dtheRlQQLAMEd

m croprocessors that are used to off | oad conpute-intensive processi'ng from
CPU 1110. HoWichrdeckenss és Skitérhpatatire debreasgs andwd the appure of ddgeadakiat of the

present inveption lies equal Ly to conputer systens that sinply use 110
adapters to g%? ?%?ll?n SR ]Ingﬁggsfeﬁ'né‘%/ ipi?ﬁ?’?e%FWeﬁéﬁs’ ﬁ?éﬁ‘?@c‘gst&@&@ oicdit ilsed t o
directly conapetd NG REeptdl i o] t SVS . 100, These
termnals 1 165, which &@%Z&E{gﬂg?ﬁ%% Clile%%gsr?tg gr fu| I1§Ja8§l>§g%f§{r%égloen the

wor kst at i ons¢hipraee pregrdssi@habdtienkisyst em admni ni strators and users to

comuni cate with conputer system 1100. Network interface 1150 is used to
connect other conputer systens and/or workstations (e.g., 1175 and 1185 in
FIG 1) to cbhentitéDesyiptiesn 1100 i n net worked fashsi on The present invention
applies regardl ess of whether network interface 1150 is present or not. For
t he purposes of the preferred enbodi mrent herein, network interface 1150 is
present, and the present invention applies equally no matter how conputer
system 1100 nay be connected to other con%uter systens and/ or workstations,
regardl ess of whether the connections) is nmade using present-day anal og
and/or digital techniques or via sone networking nechani smof the future.

It is also inportant to point out that the presence of network interface
1150 within conputer system| |00 nmeans that conputer system 1100 nay
engage in cooperative processing with one or nore other conputer

e




10 ~ 3 AU G 2004 systens or workstations. O course, this in t,yr&
that the prograns shown in main nenory 1 | 20 need not necessaralw Mﬁeaﬁﬁlr
reside on conputer system 1100. For exanple, one or nore prograns of

appl i cation progriaeprefdried oIS (ROpRAA BREnNTLEM RN 1ER9898 4]
cooperative processing with one or nore prograns that resi n conput er
system 1 | 00ogid isgntbesopte pawvidesfeprnleed shifigrsaodlads pewvaaoning bsthed nidet ough use

of one of the well,known client-server chanj sms such as renote procedure
cal | (RPC). URYNg AR othey; rrguirgmeniss 44%Wﬁ§tb.¥tuémﬂ@ﬂétefaﬁa«t PRgkgss éortchastpicieient

i nvention h j ' he). described in the context of a
fully funct ?2%%%2%%39? IéérM tég%rﬁ%ﬁé{%@sbtg?%ﬁﬁ ! %“3‘%?? e qnptragiitsy Wappreci at e
that the preagiehlar ivemei on i s capabl e of being distributed as a program
product in a variety of forns, and that the present invention applies
equal ly regardl ess of the particular type of signal bearing nmedia to
actually carry ogt o it i L - les: I ri.n 2di

i ncl ude: recordabl eﬁ%ppgdlﬁggiiegﬂs%@ﬁmé@ ’opsglémglflcsh%é&? gl.pg(gg%néﬁ %V{Iﬁoqe%% of
FIG 1) andniCObiROVShidnate treansithe désign. tiypies wagli Aseaiichda@otbhed ddlenah

anal og comT%nLclati,pn | i nks, including wireless communication |inks. Turning
now to FI G PF Shegdipiq yaions aeptons the Areps may Hgn bk pesigned tawirings boltage bhylsi cal

and | ogi cal tr i t i S hod 100. i s ef I

et or med by g Bor &y sqRaRhL el BRRLSL RSt e Whep Se bt ullelie 1
12. Method kéfiovedtiem t[hewﬁxwuafﬁﬁhsbthefefbf' Q@AY of Hécdaking BRSIHBEN 4ROl owkd 3
during circuit elenment placenent, will facilitate circuit elenent placenent

results in thfeisudt thepsedand pevertingense if sasicdust palakedamtd atbin amsamedt higher

criteria. LS en the unpl aced. desi 105 is given to the

pl acement {vg&ltea%g’r%ng%%%%g% 20 RS glgorease dea Grguy dgp B%r&dmﬁé‘thl‘? baving,pjoper s
descri pti onveltagal Thofizé hel BaitRs AN HiMemsPAREsd dHaRg.dD &t i ng

wi th the unplaced design, the tool is1 al g}g gi ven aéeset })(I)%%thln%lqﬁ%héw

const r ai nt s MEPABITHRANST capfimption may s nred ivbils stilNinsetjngapesinmastaiifts uhd S need
to be in a S%E}Qtn-location (such as input/output circuits), there may al so

need to be SoOne |OcCation constraints. Fi nal ly, the placenent tool is given
| i braries that describe the timng ~ a ~1U ~ 200 of the wire and the

gates, and that nt ai he ryl es,of placenent, the size and shape of the
gates, etc. Ini tiﬁng‘fﬁ’ WS%Q?PF%(?I#W@P% ‘élF 1ts & @ yoltage Bgar“fii Pkl detrmagBg (st ep
110) . Pref epabh\bircaidslnesd I i : : as.thjs,tends
to decrease the Qveralel%gi(;g}\;\&g%rlﬁg%ﬁu}(g&n%ﬁ Sg*@;ﬁ%@%%ﬁl&%@??l&g&l?@ St}hgl |y
set to a hi pteeent uokntagecontties thase biv¢ sonaeres. al ieqaekgntingdigion REWRLIHATHY sichie

pl aced desi %?d#endls to bﬁ hiph(ﬁr in pgwer. | f nmore than two vol tages are
used, then CBIP OB R 8T Yhage 1kads tnpeet Pirgeteapiaediteosen in thi s
step. If two (lugh and | ow) voltages are used, the | ow voltage shoul d be
chosen as the stﬁr I.'.ng voltage for the voltage islands. In step 120, the
unpl aced desi gn “‘%B‘H f SERGARCian chiPriesign mipa panhercdf boB is erdy bndoway end

vol tage i sl - i ~ ] I each, vol tage i sl and
will be oneﬁl%?lﬁ.g %I[P)ua}rﬂlsgrégtg ﬁsﬁgﬂx’ p%ﬁ%egtn]}]ﬂegn%%g?Ja'pﬁﬁffb?%t&'aj]y BPB%%%@, nor mal
PDS synt hesémvimamentibatwrddeedsahtonglel sicaessivy réfdichitof BEY b BRNG]hOBHEHE LY €S,
to reduce p‘%wer by ot her means_than voltage island creation, and to neet

ot her desi giie§B§ise tndiasvhiphthg placementarocess IPDDepistropted bumakeodiasgeden gl obal
routing con}gltdge%ilé?&g Al 1otgtki S juncture. If voltage islands are too small, the
anount of power I‘OUf[I ng~increases. This can have a del eterious effect on
system space considerations. In step |25, a decision is nade as to whet her
all design criteria are met. Normally, the design criteria will primarily
be a conbi nati on of performance and power. For instance, the design
criteria could be mnimzing power subject to a performance constraint. For
these criteria, the performance constraint nust be net, and various

pl acenent designs that neet the performance criteria can result in

di fferent power consunption. One way of judging performance is through
"slacks." Slack is the anmount of tinme between when a signal absolutely nust
be at a location and when it actually gets there. If there is a positive
slack, the signal arrived before it had to. It m ght be possible to make
one or nore circuits in the path be | ower power. On the other hand, if
there is a 12



1 3 AU G 200g negative sl ack, the signal did not arrive in timg _Generally,
« this means that changing one or nore circuits in the path to hi gBeAU@v@{Hdl{-
could increase the performance. For the criteria of mnimzing power

subject to a perf Beff6Bcet] t\ﬂiﬁiﬂkred?&ﬁ%éi&)g%ﬁﬁ& rg%%g(i%ﬂ_g@%ﬁri teria neans

that all performance objectives are nmet (I MRS hBsi ti ve)
and the pl ackeheles] griistass teheinbloweshs poteered, aPOFS1iPhEa AL st fg@esp%la&%r’rent S-

If the design criteria are_maxim zing performance subject to a power
constraint, MEEEPHyclonelsrn Epch bniianotwarmssaritaessaned grignticuld: vbitgde. vol t age to

any nore bin i Ll cause the power constraint to be exceeded. It should be
not ed t hat c??lp%% SLtg IESVOfaﬂaﬁea\s’ﬁ%@ﬂ%ﬁﬁ’&lthﬁéﬁfﬁéﬁ%ﬁﬁi&@arPﬁS}lob]@r vdtgedAlln step

125. For exagpd@s id @edbi L1Snd Clrcuibts, suc s

i nput/output circuits. I\t/ééggtliblﬁléd ?ﬁgﬁiﬁ%eéérﬂg t?lgggr{lg%arl walage io ‘gﬁpbﬁlle veHaefr i ng
t hat these cistandiit ssswned.in the proper location. Additionally, area, noise,
reliability, and wire-ability are other criteria that nay be tested in step
125. If the design criteria are met (step 125 = YES), then placenent is
finished in step ABPplabemédisestah apy bt AgedRB! bBys@l t.raint
that no circuits rragl)pbe,tranzsf erre%ll froml ?Svﬁﬁ@%g%g?ﬁzﬁ{aégﬁ%lﬁ%@??%ge
bins and vi c& dedlessd hexgi nych riphrcemen systére, impeindraledonldtakiigt a 8AGf Bras@ RNt

i nformation . ut... Pri.or to outputtjng the placenent information, the
PDS system FhGbEs RREC ULt Raé%%ﬁ)ﬁfdﬁta%?vegéelﬁct@nra&_aiqf theichiri deswach bi n
S0 as to crealdustiBg cPhAGRMER et orBa: entBBﬁJé%rl%l.Wol ; egxl\é)g Litits }Sﬁlt@ﬁgji;ict

circuits are sinply placed into particular bins. rlngveé’f By

X, Y | ocat i orreshr ketweenche bigher anidtidwer (ar infermédiateletottnid Beds toQpeighitd\Be H&‘i‘%ﬁj ed
netlist and I@lt cenent tl mf%cpr rTEt l.on are output, the design i$ placed an
optimzed (s eEe 8t preleied R 9@?1%*&@@@%5@%@1’6@?%@ chip designis siged 00b t 0

create the mMA8KSKEacBtin willBELSL L0 ;%g%jl - the chip. If ope or re of
the criteria _are.aﬁot rr;:ivt1 (step a%géﬁ@h ,aysllﬁ%gﬁoe%pi@ I,laltp‘f?étaﬁstg%%?féﬂ?p
assigns a biling wilkbsesigned ¥ bighageltagdwmdsehrctite Bistonni b1oPSSRNEA MLt age
island at 13, .1 s b.G 200g the second voltage. Preferably, the second
vol tage is HCYNEH syRbFsis wderpimad. Whithia drese physioabeonstidinigasreuitome andedi gh,
are used, nNoedm RFeR 618 éfgh%'r j ' d,to a high voltage. If nore than
two vol t ages ar eeuse'd,_glt1 hen eg Lélr%%%ﬁéb‘?ﬂglogﬁet “hY'ghesi R?df‘%eéﬁ%wf’rss%éi gned
to a bin. Fomdewnpiiteriai ThishEpiabsyatichs GealuOpd RERS! (Ih A6t FRAHMm R e He01)
preferably a bin will. be initially assigned to the nedi um voltage. t he
second pass RHFBUGKHLERAMaRgealingriacemert System dawsed hmthisi erssinaeditape islaidsc Ui t S

in the bin iwiYelad; | ' . be [ 1 hi gh vol t :
posi gni ng bi'ne o) RRATR B oA 0RS 80T B RO TR e MgubilendiGhvaboul (3

in a placed ssetbegnwilhsttll oceud. ower i n power than coul d be achi eved by
assigning bins to decreasing voltage (fromhigh to low). Wstep 130, a
particular bin is also selected as the bin to assign to the second vol tage.
There are many wdysnihgnoeteFIG.ne, M. ¢b ilkiska ' vol t age.
When t he second vaql tage is a higher vol tageﬂﬁgagﬁgﬁg@?gﬂ}%ﬂgﬁziﬁ%&%éd bi n
will be a biS¥EBRE diedrosgnicnyeatipr sThose skilledvortbe ars il kpppatdte ihat thbe design. In
this scenari i i |tage will .increase the speed of the circuits,
t hereby red ﬁcﬁ%ﬂ%ﬁ?@f&l %ﬁ%ﬁé?qsr@g}erpéesgptdg@nn% aPRlbP@atiebp 95y sompytensystenbe
chosen at r aggediessAfiohber (e LoRA l:ect.d ng: hi hen the second
voltage is :eyﬁi gh voltage) is totéélcehplsetglt’lal llﬁg\%\%@%c?{ceﬂ?ﬁge{vbﬁlgeﬁg?mﬁml@n contain
nets that amBP3@is gseeinglaekerovorkitatoni s shivah St beflodedhvit ¥ty few ti nes.
The prior m%&%ggterr edyce];]tOBower .because increased switching equates with

i ncreased power: CAPE &Phat P \EIIISes Rdnde Peieakbrpesasiag unh{(@R)0ilA0 conrmssilgn t 0
t he second vy®ihags t.al bty . fi poi nt.s wher.e ny |ate paths
converge. Met hods %ng@%ﬂr}g?,nagﬂéslﬁgF]&Hf%?lﬁt%rga%r139%,6%18?1?18@(]@3%3%6@45}(5‘1@&,\& ng,
whi ch are incorporated herein by reference: K Usam, et al., "Automated
Low Power Techni que Exploiting Miultiple Supply Voltages Applied to a Medi a
Processor”, Institute of Electrical and El ectronics Engi neers Journal of
Solid-State Grcuits, v. 33, no. 3, 463-472 (March, 1998); and L. Bernan,
et al., "Efficient Techniques for Timng Correction", Proceeding of the
1990 International Synposiumon Crcuits and Systens (May |1990). 14 B
AU G 200 Additionally, a selected bin could be a bin having | arge nunbers
of circuits in critical paths. For this selection, the bin with the |argest
nunber of circuits in the critical paths may be sel ected as the bin.
Alternatively, tile selection could be made by determ ning which bin wll
cause the |l argest delay inprovenment to critical paths if the circuits the
bin contains are assigned to the second (higher) voltage. Finally, the bin
sel ection could be made by choosing a bin that has a | arge nunber of inputs

Y Y



In step I35, level shifters are added where needed. If the seco mmﬁ @ |
. is a higher voltage, the selected bin will be converted to a hi i 204
island. Low voltage circuits that output signals to circuits in the high

vol tage i sl andtwdrRent&@lc8at &8 Diitd spddeh] Bedt&¥ e intelY Qsd Sy8, 1 OW-
voltage signals. If the second vo?})ty(;geci aer} O\A/erm\%%;)%ﬁaeg{gaﬂﬁﬁg‘eﬁ%é%ﬁo 2
shifters ni ghysterobubél6leddes stet gueanriader A0 isused tocdhhe naet §BHQ. hsligrd and

circuits in 3 I gw b%ﬁfge‘i sLand. This is true because, in general, |ow
vol tage circuf4es 2 e Kippt togemppist pystsm hiG9h Qnslspeggiee wpe olPASDbuUt  hi gh

vol t age circull; : sar v n | evel. shifters to feed | ow vol tage
circuits. | nla'seglg%g%zlfg)%w gggl%ﬁlz%ivwlélr%ﬁgggrerdgﬁbt\%ﬂd fﬁﬂgﬁfﬁiaﬁ@%ﬁﬁalmy Iggette
circuits thati1e® | onger need the |l evel shifters. For exanple, if a |ow
voltage circuit had an output signal that fed a high voltage circuit, the
output signal for the low voltage circuit would have a level shifter onit.
When the bin cont ajpi i t ircuit i.s made in a .high or

hi gher vol t age is?‘gﬂg?&t Ozy Flej\?gcl\%t\sé |Sfo?[ ggr Ilgl(s)lrer? p{“@rt%ﬁ%?roﬁéaél&?e@%ancqcﬁ out put
of the |ow veletrmges 1024 alatd 11285and dh peAtinGsR0e1128. L@RRputd Bysteh 1560 LSliALe
noved between gi ns to,in‘%é:)ve speed and decrease power and congesti on.
Grcuits may “58 kpevadinl sddesswigarachaninnnthamlioncthe prgrasmeddofiphiet fistem

sel ected binqi i ~ i I hcrease .occupancy,..or. to ke room
in adj acent l%:’l?ios% %]%S{St@&%@ggggﬁo%%eés gou ﬁ{%e’i e§‘£’fa§8te’ét&yb‘?5‘|1’?afig? B&€iease
pover (if the seltpid edaliritdrggeanhii@hash ¥ohiiageenRind 1 8 ddNSA SHI &ML §185 €
noved into a_| ower voltage bin), decrease congestion, decrease occupancy,

or increase therelig mhila@bplipatiphprogeosdrdy. cirelf eememty 1 hdwdha 1FRG and i N

addition to E | FI describes step 145 nore particularly. Step 145
inthis exanp %ﬁnﬁg the?]tqel&g?{?c Oi’vﬁg? residg ‘@@P’é‘d?“éﬂo%il 2(?»§h%P§1ﬁllé<¥ intthe Rdr

vol tage and $QMe:csstirOUpcthag b - | rences bet ween
this situation andg&{lhe opposi te@?%giakwrw&%‘gggo%@é’%lglhnéanslérfegb%d bi n
i s |ower vol #bfbatdhaisagrtenof (1t sheuldutsodamdied thabvitrserat @ohipghe sysvah gy Wi | |
be di scussedisad‘sggé t he descri g/ti n og FIG 2. It should be noted that, even
t hough st eps”ars’ SHSWHC BHCEYL TR I the enie wrtupkmeraem 9f eommpterapglernd00.)t he
steps do not necessarily have to be performed in this order. After each

step or operation_.of {ret hod 145, the circuits can be checked to see if they
violate tining Ii MPERUNgsYsieat 128y any syitablp qpsratingssystem. \iheseakdlledny the art
congestion | M §Sor&ats at HeRESit B | . -t he gper.ation can be
rejected. Ti m',_ngr%plri mts ma; Ee1 VIF% a?é;%lbdagére§e(l§1t Fl?{gl}ueogése qﬁ%’%{gﬁdﬁ&a{%o‘ﬁet s
brought aboutpdmitingsasigms Also meidimglie ngirmeaoyad2dyretdne o inbeUpplisgygMeNt . Bi n
capacities can be vi 35 teg@i@]}(ptoo many circuits are placed into a bin, such

that the ci r B9PERSHH Cﬁ’éedvﬁyr@%/{él%]wl}ﬁ A dhrseeprlicationprograive isarea of
t he bin. Notgidhaty di ' r.t ol ogi es nmay. haye different
area requi re_rreér%?% forofurcti%%ggﬂoﬁgm%gﬁggc(sé%@gﬁe ﬁ(&r}n CPTREY PEYPY| A58d i f there
are too manyiniudedwithatisie nednord 01 20y repbentRRhb f. £ 04108ridaPh filigiDi n. | f
there are too nman da‘fa paths going into a bin, the bin will not "be
wire-able. | PETABERGY Y AUt glemepist 1 ibihehtsa teedrhyydesips tool htd4ud@hid mmhgngedf

circuits to LRCAHGE [ CLQF | e o, Stilll referring to FIG 2,

met hod 145 begi ns %@ﬁm?\g}r@ CJI:nId?) ﬂg@f"élgrin?x@gﬁ {%4 kN @OWQH&I“S Hemempct ed
bin to | owerlRonwery ady agiendnybhes if Sesntual Akn inhdeGRlcom ed to neet 1G
1 3 AUC 2C"a . certain timng requirenents gﬁ??l seo f%ngﬁt'?lts)l@g' '?Iﬁe har dest
to nmeet ti miHYyitem, Wideoippd elspanint 134 nfaoshoen aeparate figmalesikly siob 1 893d theké om t hi s
anal ysi s, def. 1_hes i h re critical. A non-critical circuit is a
circuit that élﬁé&%&%@ﬁ%??@% 8@(? %E)B'Eoﬁl.de%ﬁm}b‘lnéeéw parj otcinfegrated ciishit dosign i s a
circuit in aoriBiucals vaBia dissh&Bd 2! RedtQUEE ' 1 g pon-critical
circuits to | ower power vol tlage islégﬁés. Ia? b%fe%\gﬁgnsf ?/tl,ga)f“(léc\}l @%@ﬁﬁ@iﬁlﬁgn
the outputs of these non-critical circuits are noved to their inputs. For
this step, it possible to preferentially ghoose circuits in the selected

bin that are sourcing bin outputs that feed circuits in other |ow voltage
bi ns.



Additionally in step 210, it possible to preferentially choose d BCA'UIE 2004
. the selected bin that are fed by circuits in other | ow voltage bins. To
reduce the nunber of level shifters required, nmax-flow, mn-cut procedure

may be perf I .0l - 1.0- ocedure is
"o aph A gor Phaatth &R ER REFAFRGE: PReAIR DR B P B GRRER s
herei n i ncorglenattetfly Aseiied BriieOvemichiestid, PDBMUESR 2 i &éaygﬁ%@gaam& d be
constructed fromthe set of all non-critical bin inputs on the sel ected

hi gh vol t agesniillareasaell¢dsbipg dinghis shast priefesred ambodiment, tw buol dragedhi nsltaed from
the non-critical circuits in the sel ectﬁﬁ btien' s.fa%- ut cones. A m n-cut
through t he FABY eI A icd DHactearing whsnede dayign kasbesr prepariilacgde to t he
"left" of the nets in a mn-cut through this flow network woul d be

determ ned. Moving these "left" or "feeding" circuits to adjacent |ow

vol t age bi ns woul Athqygh compites yatempd Of imthernde corsaialonkytai singde mameGRli) med aat

the bin i ~ i.all this d tt ts t te the | t
e BN Moo BRIl L BOSE S LR 8 el e [2as
m ni m zes Wgrctc@dGiiflg a IRBptkONstafaph hh§m%{lg)lé"@yg95ndj&tx GIThRIHAGesMH, Ch

circuits should be noved to | ow voltage. p 210 may al so preferably nove
hi gh swi t chiadgitonr aittefapes thet art heedbn the prbfghedantalihery eadlriatlidssepitd, hose
circuits tha[%5 switch a relati ve% h'h h am)gnt f times. This relatively

hi gh anount BFY BRRtEOHR TAPRCCHFSe %d‘w‘e\lﬁe Thotéloag cappuisfintersivichmaesspoger i s

to renove highy, 8w i chioN @Sl &l LN HAT Vit ' | ower vol tage
- bins. Note that 17 plh?og{,&ﬁelié&%%ge% &?ﬁghgmrﬂ ngllllta?ggeﬁ Q’ta{lﬁat&% ?ri%séezlilf pat hs,

the circui t snvantbulapples equalily yo canmiter sysnerhhithatéigplyMaet U/agelapiers 8yefodd t hey
are high swtchi circuits. In step 220, if the selected vin drops bel ow
m ni mum capastlp’tlﬁfrl%’%“tt’é’ﬁﬁzzo = YES), then low voltage circuits fed by outputs
of the circuits in the selected bin will be added to the selected bin (step
240). CGrcuits to nove in this manner would preferentially be chosen to

mi ni m ze the nunbérmiel ngyape EWiOrs vyed deidiredtly wenneetouie vethotretcanisals t 6% &
circuits coyl i s_that. ne evel shifters. This step attenpts
to keep the%((i)friillp tg ?E%%S%%% isdbg'fkt hte%eete%nsl%]%z?dsﬁééc& Yy Lepmrte ’igF’?:tlﬂrtf‘t‘lﬁ’ fed by
the criti calprghmntabletii@katiineary 0deH Ag S dW BystehDAEminIS0rst8 wsgl gt ed bin's
size beconmes small, the circuits that are fed by critical nets and that are
in | ower poweRIBniatesvigh eomtertsystethd 1060.gher power sel ected bin, and the
noncritical circuits are renoved fromthe selected bin. Alternatively, this
step can entail adding low switching circuits fromsurrounding areas into
the sel ect ed bi nNetviprk interfaqsi 468 ipisae to, copndct bther eagmer sppmed dnd/wf t he
selected bin. I1f the sel ed hig.do of drop, bel ow m ni mum capacity
(step 220 = SAUONR 4y ﬁﬁ‘?aqnldgr]lg?éu dg) té’scofD(PBWﬁéXsF?g%”é}OImﬁWOél?thi cal

ci rcui ts havgshiee MHEBYRenthent : = n the
met hod proceeds bacgq)to stepng%%ﬂﬂ‘gg‘gﬁrd%snﬁlﬁﬁ%gﬁ&gﬁ ﬁ(zlﬁllﬁtr g yvstgngeen
nmoved (st ep pRasntor ¥BS)For thegrinpases éfdlad preferredierbodimentdiereig hbt@agek Ritdrmicé hat
feed criti call @ircui ts iCP the selected bin are noved into the selected bin
(step 230). AL Present prd theiprgsendinveption grpies ¢veHene mrierthow womputer aystem | |
not neeti ng it phi [§is] 1 Y \Siherl, i i i se critica
Gircuits are lmg b% IrcgoﬂrﬁteIé]%é\}v pom%rcglﬁlgﬁtjﬁllr ﬁ)ﬁie%%\fé&%p{?{ﬁgg&g BulBGEE S t he
critical patihethedtherpnmeori(s)ms npde Lengepresdnt-tiayeamlogi dndanyigitid tbdhnifesey ed
fromthe outputs of the nevle added circuits to the inputs of the newy
added ci r cuitisSonieesyaking gaccharmsmp gethe Sptaiet &ids pisp impgriast togtobivont thatrthen

capacity, t : i [ CLH : ut put s the critical circuits
in the sel ercb?égglll C%Y(\!rf]M%ﬁgﬁtee%}géﬁdgéb%hﬁ%@s{%ﬁeéé %{%P]B?QQ MmN fna) $8MPUICE; ny| ar
to step 240sysGimdU0d may endipy & dodpdrii® PIERERNEE WAK bk H1B586aRE i@kl be chosen
~to mnimze the nunber of level shifter addi%ions required. Step 18

AU ~ 200 23 5 attenpts to keep the critical nets at the fastest speed by
adding circuitry fed by the critical netf to the higher voltage bin. Thus,
when the selected bin's size becones sma Q, the circuits that are fed by
critical nets and that are in | ower power bins are added to the higher
power, selected bin and the non-critical circuits are renoved fromthe
selected bin. Additionally, in step 235, it may be necessary to nake room
in adjacent bins for circuits being noved out of the selected bin. To all ow
this to happen, low voltage circuits fed by outputs of the critical
circuits in the selected bin will be added to the selected bin. Again,
circuits to nove in this nmanner would preferentially be chosen to m nim ze
t he nunber of level shifter additions required. In step 255, it is
determned as to whether all criteria are met for this bin. Such



criteriawll primarily be performance and power criteria, accgrBIiAbJ@a&%
. performance and power criteria set for the chip design. Additionally, other
criteria may be checked, such as over- or under-capacity, routing or

| ocati on spegysidngdriviitBstat@ing. OF Eorddel thid intt@ini rAeadk Ehab e piBirahs bRRvZRInam NO)
method 14S is perfornmed again; if all criteria are net (step 255 = YES),

t he met hod enasornl BX0eped 8@ nepassafipall tbsisle onsomputehsystesy B0t Fouepample, one

per f or mance and Pomer cri}erLa coul d be gFt rior. to step 255, nmethod |45
may be per f oPhBETSRIPETAEP &1 RPHELIONProtRfe &1 e 'oFIGC PR ANGIRSESHElFP ERE EREAEGAI | e
still neetin - L 8. apt.l ' a ets
the other cr ft SEPaTd Ao e L ot PonbR R o B Bl e bh S BB e
then be the DaBRtcossdrativie@rocedsingsdold i doconmsiiskel thhuigh ed bfahe b thevRyl lgRMMAI N
all of the steps shown in FIG 2 or may only contain sone of the steps
shown. For egbgnpiservergnecpagisap sgohas pempete poscdpseenlfGPChet hod 145. Preferably,
all steps would be used, as this provides the nost performance at the | east
anount of power. Additionally, if any of the steps of nethod 145 increases
congesti on beyond A4 tips pdet, @nsmnedtahteo @bte tiedt mduik tlee pesentiaverniva dabbdengemnd bi ns
to reduce the,@onqestion. 19 ~ 0 ~U ~ 200 thod.l4i as shown in FIG 2

i s appl i cabl &hAGIUEVRE boidescrihed wdheeantseft o afully funsiongh eqmpensyepey o t age

bi ns are i grgnes B B at il A S GP heBr el e MBL b AR R0 dinAgA P
embodi ment, it a peghdn bedoEr @ deriefyiof fodins, andslia thedrésehOint@ien Applics leigtidlgal

circuits fromadjacent bins into the selected bin and to nove critical
circuits out regprdlens of Blepartiedlapiype of signgd besrmg mediie pefually eagnyiqusthehat ar e

non-critical ,are preferent.ial ed into th el ect in. This js sane
for steps 2admfiofs B Elueryhmiteafins Bl RRRo IS5 R0ty ettt ieh Bunal no,
hi gher power flghRsdidisQe¥0\IRg 11198 of K1 11 AWECD RIS, Mdtranfini8lon$yRRnédiPsh

met hod 100, step |25 of nmethod 100 is performed again. Method 100 continues
until the criat digital dndheaalog epmmpnicatron ik, in¢lpdingrpinelsss ehomsumettiondmicer ge.
CGenerally, the latter is set as atinme limt: if the nethod exceeds a
particular tinme, then it is assuned that the nmethod is not converging to a
sol ution. This colluthurmppety Flfiot, emethpd &,shiin faeldeog cauiowarg ath peysical ar e

chosen for too, high of perfor ce criterj i n ow to FIGS. 3 through
7 in additi oA Eog%ak%?m'?u%lﬁaog?o ‘#e%%fané&tl}@%ag%@lsﬁﬁ%aﬁhPé ey section
of a chip degighaiekbituitieaiyd Wl 31 NN 16kt M IRE a0ed\eiion 19 Ssivlgéﬁp?i% geh a
desi gn woul d eg?gf inlgtep@ﬁ05 of nethod 100. FIGS. 4 ?ﬁoug% 7's éhl?ﬁe
sane chi p dedygregbted andwidesigh agd$ 1 Bf durlng cpbatdamentt placemestswdf fapidtdtods 100
and 145. In FIG. 3, a.c | etel y unplaced chi.p design is shown. Unpl aced -
cl op design §8 lk‘gﬁlﬁ??t§g’§@’9%ir ﬁgs o ‘?aj]t’"ss" %qg?lg%t??,dg‘i‘ﬁ?r a§§§Pee§1%’,dnt31neS,t and
316 and an ouiRMLierP. Unpl aced chip design 300 al so conprises a nunber of
circuits: several NAND gates 331, 332, logic blocks 340 and 330, a nunber
of inverters 350, 351, 352, 353, 354, and 355, and a NOR gate 360. Unpl aced
chip design 300 i i : i E o Lok d
design 400 is shoaﬁgﬁﬁﬁquggﬁ€¥%gn?ﬁghF%%%ﬁ%%ﬁﬁggé# lgﬂgﬁg&gﬁ%%%pgbggﬁially
pl aced desi gIThé@8plasedsiesighisafeb@ibed be psetlidiQwaieH ildQciiitionet BRdf 1h8@ateagdh bi n
has been set to |ow voltage, thereby creating | ow voltage 20 ~3 ADb a

200a bi n/ i s| dreenaactiopnbptwen, thasy uflpag yith3be sriplaned design. e toolds rlsp gives 2440,
420. In ste 0. nornal. .PDS, synt hesis _actions will be used.to. tr o, neet
" R find oo S FRUIRL RIS AR O e SRS e e e

per f or mance Ves, 10 reduce power

creation, andnEQmﬂﬁ@kmﬂkﬂ%hmﬂ%§hﬁﬂﬂ@h@ﬁ%ﬁbM%iih&@hﬁ.%@@HE&?wWES&Rg
partially placed design 400 shown in FIG 4. Path 3%0 is acritical path,;
and nets 440 lematiorlg@serioss Fhvelindbe plack80nt topl iFpEen Bhrabpnthdti@strds thegming
assigned to a high voltage bin/island 510. In step 12S,

11



all .criteria were not met (step 125 = NO), so bin S 10 was sele tgd
* high voltage bin in step 130. Bin S20 (420 in FIG 4) has been 3%%@3’004
and is still a low voltage bin. Al circuits in bin S10 were assigned to

hi gher vol t agihe Bird a2d fheWats SEH oG € ,1? - %@ |, becayse it had
the nost circuits on thevga/o?’st ?ﬁac t%gt %fg?ﬁg@ :Er%f?‘%ﬁlz%aréaﬁilfil’eﬁgetg?gn
(step 130 ofgatest tlod 100). Level shifters 470, 480, and 490 were added to
nets 370, 370 and 440, respectively, to shift these signals to higher

vol tage (step 13S). Level shifters were not added to net 460 and path 370
as it |eaves inveltRilly 38RiR0%k 4rk 84 8 ph@chIIVEIILEE (sand) 1BeC hege are

hi gh vol tage signal s. yThese signal s sﬁoulmél be agl g%?o 12%1\3;‘5& %)\t}y’\?}gl t age
circuits. | reiEstspwilhis sehty 4 loweloltage, it tisstenvrte deeemv et oviig poakt i al I'y pl aced

desi gn 400 can .be Che:i}& d after any. ﬂ{é t hese steps to determine if power,
per f or mance, CAHESTRer't OF CYas arepBiahpeet 9 i higher voligee. die dichitoarealrglyvol t age

i sland 510, i LS. fal: i gha. 4 ts 310 through 314 require
Qui (o a bi 1 oF T ae ool e ool 8 RS E B i
circuit (HANE: gatiethd33R)s Roshumerted thdt iteabwatsltfs®e Addn idihg &@9 ®Rgo i N the
hi gh voltage bin S 10. Mreover, it can be assuned that critical path 370

ei t her does (igh anddqwWi voktrers arcepail.rtberiont wltageshoilighe dhasensis alokstirsing eglatgeve.
FIGS. 5 andfg %Q%lltdegg rdeferred to during the follow ng description of the
sequence of St eps of°me'iSd 14S of FIG 2. Because bin S 10 is not

optim zed, in step 210 of nethod 14S, input 314, circuit 332, and nets 440,

460, and 4SO are nmoved,into | ow yqgl tage bin/is|and S20. Level shifter 490
is no | onger needBd*R ab’i%e?"éﬁ%f\?éa?m% 15 paglopeshintopins. In methad 2 ewhtthe

sel ected bi niniso insh 1141 GARACH i t 224 | 1...0of the | ow
vol tage circui tsmﬁ%ve bcg’\gggﬂr%gl\l/)ggﬁﬂll n st lé{)y‘%%@%%’??@ca g llﬁgﬁlgtwsﬂlg%ﬁn%nd
360 are novédn.i Ruongihgdpavidtidnagsobtautting! pmrdedsd, Qorha\FadS Saitelie hodAQ wifl HRO
| onger needed, ,but |evel shifter 610 is added to increase the voltage from
net 620. Polsrd QAR BEREbPHRRERE PPIealives (A Felugrpasyaribsiether meanseharp®@tagen t hi s

exanple, it ; S Qﬁ;ﬂ: - erformn riteria are net,
However , rretl%]l%gi él}glaéﬁ%ﬁ%ijé% e ér{aragselgl?éﬁ:é%tgfggt@pﬁ“bﬁ“@%’ef@?ﬁ?ﬁéﬁ“Fi er of
time in ordepngider ghubel foatinp sinetkdist atthighih@iire C 0ItAS kRAdOSre %Vﬂall?ﬁfé
performance may be created through a different placenent. Referring to
FIGS. 6 and “ VR daives BHpGpeasss: Thisgen bave ardetsterionpefftct pgsyskmosighe net hod
145, the resyldiddrstiggkaced design 700 of FIG 7. It should be noted that the
pl acenent of in FIG 6 of critical path 370 has made the slack in this path
positive. Because it neets timng requirenents, the path 370 is no | onger
critical in FIG " nges_to.thi ath shoul d be check to
determ ne conpli aﬂn%tgy\?mx\?é%{efl%%ﬁésﬁ %’ag? %B’tnﬁti‘ﬁr, ali?ﬁ%{@&a CTi3aFInf alfks
moved from Mheglesigalctiagie will phialiBid slohbimtib@VF MefohA&e A hbebang, 520. This
result has the | owest nunber of |evel shifters and the | owest power, while
still neeti fyiAES thedewnpsise cenlidtbe minimiBog pogertsubjsct tb epatformenpe ocess,

critical cirgcui 351,.352.. et were al so have been noved frombin 510 to
bi n 520. Hoﬁglv!ryg%,ﬁﬁ'pgéft%?sﬁﬁﬁgga’ag%p%g’mw.co gt “b’lsgléee"ﬂetd@& RHOPO0 neet s

per f or mance phehm e \desigrs thitehdetihe pErfoiaake dried£S rQltdn Gl t hen
circuit 350 and per hags circuit 340 m ghet rb?ar aad -é%tut gnﬁ{ffghe%%ﬂlgge bin 510

(assumi ng t BASUMPHER PRy Wareflindgngptrdraneenothraighl“alacidh)”. SBk & the hepuhi45,
addi ti onal b'ttns Y)VI | | behsel ect ?d and optimzed in steps 125 through 145,
until the eft P& CHREFYRPEE2 F5pal Abselitiely prist breatgilpgatian anchpeeit agtugiyetsy, bi n
520 coul d bgheas S gHerds f I i . i a rfornmance
Prprovenent - Toubyor s f ROSUEAIR blQRopl ol et B 2K, A e DB B TR g1
70D neets botake pey fronerantei@ndthp pushrberl @G fo@E NOS thesHiap hib ivhirk i ndi cat e
that all criteria are nmet. In step 150, the placenent is finalized and the
netlist and placenment information are output. Wat results is the placed,
optim zed design (step |160). 22 ~ 3 Aq2~ 200



Met hods 100 and |45 may al so include normal synthesis operationsa«
* cloning and buffering i11 order to further reduce power. FIGS.HEBZEgngQDU4
illustrate a cloning operation performed during nmethod 145 to reduce power
(by m nim zi ' e i g nat i [ , a
partially pl g%ggb{jﬁasdikgﬂgfs%gﬂg%ﬁ%ﬂrﬁg@}léﬁ%' S%éngkc?w ’atgg I{B%aglg I}lgégﬁélg%)lg}ogtg ed
froma | ow valhageirbiits il @@Catiytolhighetipswer L0 indr¥hsb tHen@aoimakdd OF @ftRe t WO

| evel shifters 1055 and 1060. Level shifter 1060 shifts voltage fromthe

| ower vol t ag@iiea of AinrpBmetRy wehaibjchtedr pevlormange cofstiping mepog thekd designevel

hi f t 1055 t h . _Dependi t he t | bei,
ol onent ed. o GyLT U P 4 PR uB R L B ERRA4 . SRR pATLT andihe
technol ogy bghog dé%gg hh@thgll@ves%od/e?\’)%osﬁmg deSt; nh»@a%énkﬁs.used- Path 1090 was

a critical path that has been de to neet ti g requirenments in FIG 8.
H gh voltage bin 1020 conprises inputs 1010 through 1013, inverters |070,

1075, 1080, and 1 I e - . and. out put ,1091. Low vol tage hin
1030 conprises i nfgﬁl%e,sdeﬁ%%ﬁﬁpﬁ%gﬁegﬁé)%%%g}garf%%%a CF(%?:‘?JG %%%POWOB%{E’ _“t 086
and invert ermdQfhg. thddbenteirirass thdSstighse@df hipe voRsdd talah%n@}eaﬁﬁsdwq?&w@
1000, it is determned that the wire | ength happens to ‘be high

(parti cul ar | fepheerronstragdg baextead®d4) and | evel shifter | 055 may be
renoved. To support this, inverter G1 1 070 and inverter & 1075 are
cloned to becone inverter A Cone 1097 and inverter & C one |096 (see
FIG 9). This redusksild bewottdkthgt ditam dile thanf@weemng! perfosmmey nMgtbe &N in

Addi tional ly, ag%%%yel shifter 1055 is no | onger needed, the nunber of

| evel shiftel'® 95 GamRRle. l9gaEOR SSPPETAN fSSRBE SiriEIsesush 88 mmpHentnet ng PDS,
or placenent_.dri S €1l r.pl. t tools and nethods.
The prosent S ot S RE S prin RIR5R1 3" Shel e BRI et Sl BN
proceeds t hrpoglr Isdatioes Atdieonadly] arebise, atlidbilety | aa abitecoatslifard HBerGritesditha ON
the design and jn which the placenment process may be interrupted to nake
changes in ﬁ@é&@ﬁ@ﬁ?d6¥“ﬂhéﬁfogic. The fol | owi ng di scussion centers on a

pl acenent tool and nethodol ogy is a sinulated annealing placer. As stated
in the Overview section, such a placenent tool operates by anal ogy with the
physi cal anneal i nif thefdeaige esiteriahre metistery 1 2emy BSD.ithén plheengebistimishhé in step

| acement. 2 ~~~U ~ 2 Tur ni ng. n to FIG, 10, this figyre sho a
gethod 800 fg¥Lé8 caﬁ?%ﬁPeP@gﬁﬁﬁ?“§H§“3ﬁ§%¥%%$“%8H%SP&&?%%Hf%%‘ olfag\(,avS
i sl ands usi n@arafesieAtloat B ARALAHIG hﬁﬁlﬁﬁ)@tége Wifs iRt hadvS00 Ib\ﬁinng s%ﬂh] ar
el n Ile

to method 100, generally only differences will be discussed her
referring t ompadiipddetBgand placsément irfpranagios exessiipom, Piier traytpbeting diragflacieht t o

refer to FIG ;1 for co 1.S0N. di fference between the two. nethads is
in step 820 & ormafion, Fegte: Syﬁ’ﬁb@@‘%&?@r’ﬂe e%‘ﬁ@ﬁ“égoﬁsﬁg’t eaﬁé SECHLYV B AP0,
di vi des the ghispo BRetedit plidethed! BRSMERIN GGeHabS, ; & i i

pl acement system does n&% use bins. In step 8§0Tﬁ¥ﬁ2§g§%%§$n%g?§?%f@%ﬂ%g
the chip deshblageedantd ppdictior hinagDusing sters i 30, HetaxarisK, ¥riotatien desich nirctiheithiar mal
anneal i ng pl acenent, pr.oc i erf.or .until. the average di stance t hat
circuits are® glélil% et?fgvlé?ﬁfis@“cg ﬁmprp%‘{‘g?cﬁ%ﬁm? ﬁ’éc, W%%ﬁ?@@%%ﬁd’éﬂ’%éﬁ age

i sl and si ze. dekbinSs Blab@MWsd eqthd Ng; Hﬁﬁﬂﬁﬁ& fj. Qi sh
prior to addingmthg concu?@gﬁ?ﬁﬁgg?%ﬁggd@%%ggﬁﬁhl cons%?%%??gﬁﬁggﬁgg%gage
i sl ands. | n wtcegptedBOmaskscétecneaded ® sstlaby heke & chip’ seed” circuit. As :
previously discussed, it is preferable to initially set all' circuits to

| ow vol tage. The seed circuit is then assigned to high voltage and a high
vol tage island i sifoneatmeteaf tidpdtetibarespetheCistepus = OB 8528 194, kD bi gh
vol tage island can increase or decrease depending on the nunber of circuits
in the islantystemaspignypbiaipp seqopd peleaser he sedicied bahwdbkecoms atvablageaeldnd at
circuit, acircuit that is close to an existing high voltage island.
Therefore, noving the seed circuit physically adjacent to the existing high
voltage island will increase the size of éhe exi sting high voltage island.
Thus, instead of having bins where the entire bin is selected as a voltage
i sland, nethod 800 selects a circuit and creates the voltage island around
the circuit. In step 845, circuits are noved between areas (between

i slands) to inprove speed and decrease power and congestion. Step 845 is
di scl osed nore particularly in FIG 1 1 as nethod 845, and is simlar to
steps 230 through 255 of FIG 2. For step 930, critical circuits in | ow
voltage islands that feed critical circuits in the selected island are

noved 24 ~ 3 AUC 200 into the selected island. If necessary, the
island's size is increased. Thus, if the critical circuits and paths in
tile selected island are still not neeting timng |limtations, the circuits

feeding these critical circuits are noved fromlow power to high power.

_____ c . -



Additionally, in step 935, it nmay be necessary to nake roomin a j@%ma]lzgnlr
- islands for circuits being noved out of the selected island. To alY i

to happen, low voltage circuits fed by outputs of the critical circuits in
the sel ect edhd shafvoabé. BefeRAPULthelsBodhASoR eQ§f1%ﬂelj {RAPG fir Bt fe. Cf{ tﬁ\%u' ts

to nmove in this manner "woul d preferentially be osen to mnim=ze e

number of suohagesylelv asliihighe nreaset], riosrysrefombplyi « bid is dsBigat&p DBPh vbltages If
determined as tg whether all criteria are met for this island. Such

criteria w IMorpihandpp voltagss prersesh Hieh decterably posvrext bighesevoltage scassigdehiy & o t he

per formance (o] ricteria set far t chi p. desi gn. . Additi onal ly, .ot her
criteria nm}ﬂb]'gwéﬁ\g%&% ’,lf{slﬁéeharggmtfvv ggegpoynggﬁgu&ﬁag&gy,,grglaﬁag&@ tﬂgmﬁ

| ocati on spegiifitigiaf 4seipsied Blthe mediuAlbltedd (O iR stdofd PRls iBhoK SkER292E = NO .
met hod 845 is perl?%r rr{egd agai n; ilf al | %ri teriaS (;CI)I‘ eBrreSt (s%ep g55 = l\S(ES),

t he met hod emas bimcagtteqn, F58ick far cybotslia thedimotstit] refyetve dordnstaiveighassigned

per f or mance aﬂg pahwer crie)\er.i a could be nmet prior to step 955, nethod 945
may be perfdf HEdU#RY 128t e t5igMae bigs togneregsing vokage, fropgplopdabisd. pewerilyt o t he
maxi mum ext end,; Wy 3 deki [ ' | 24.:..The, | onest power
confi gurati o%tu% %A@ggtdsde% ]ﬁg%gdﬁ ngrgwyrx:ﬁ g?’?@hfrg%lw%&&éervf ?%F%ﬂg,ml?@éms

per f or mance tededr@ising)voltgd! (@oinliggh oeowhe best solution. It should also be
noted that step 955 may entail adding additional circuits to the island if
the island is less than a preferred capacity. If steps 930 and 935 do not
add enough ci rCU'Iﬁ§te{3QBQ,Qﬁaah%J_u?a@@Mi@hk@@éle@&?&%ﬁ@b%h@a§s'i o th G sekORYPL cone
is small or because the circuit novenent required to achieve p%y5| cal

adj acency viveoltagee SThotelres memnweysap detsiminowheh biewrdsyige td the eatond velciget s may

be sel ected,,,assigned to .high valtage, and noved info the island. Steps 930
and 935 can eéhthgéec%‘%f’?lﬁ&g& aol?fglfer’ig"%t%ﬁﬁeéle@ ¥ hsselseted burwills afeini v added

circuits. NQbRainidd circBfs S 86 %?ﬁglaiﬂ@}r)d’tﬁir?ﬂh@ H&"r%& Ok Q%ar]i&“:incg[easlf—rl G 2,

other actions nay be taken to neet predetermnéd criteria I'n's epg845. For
instance, buwbltegei wifj 1oereask trei speedndyhehrcuse thetabyirequepger shaedting errseage power

d/ d St i As th | , the foll N )
oo eorcgse sompest Lo 12 (ULt exal S L OO T e
step 845: h't@kéﬂ&%é@is%‘lﬁ%&lé% r toQ@leEﬁXQQWQPlﬁmggi\?g,: She glﬁt%gﬁlg{sy ands

and into |l ow voltage islands"to d ease power; tage is becones
too snall, dhaterd ncd usad rauchur counditing switdwelativelagev tiskeanThd fiak nasied ed by
critical paths or nets in a selected high voltage island may be noved into
the hi gh vol? ‘és?‘g’feé??ﬁcanerfﬁ?rS‘?ﬁégs‘é(ﬁ%‘%ﬁ?quéﬁeF(‘i‘ih tacreased peveroved into a

sel ected voltage island based on mnimzing |level shifters. In step 850 of
FIG 10, changes are disallowed that will cause the high voltage islands

al ready defined tdteHutysh thagaleraunatipn of whish hicioassig ¢$qulsdwcgggpb@tdénent

rocess contyj - i t I t ..n0 _chan a reat.e physi cal
B oconnec il bR Il s b G ARI T RGN 6T Gl B of
circuits wi phints arolesegibed ialthndBowingakich BRtigforporaed hdeihMysefotefR: 6  ~ 3

AU G 200g Met hod 800 and 845 are_ equal Ig@appl icable to selecting a seed for
a | ow vol t adBamy|chplg. “AutprpaiedLevatewemkashmiape Frrdoiting Mailtiplel Sepply Wiottagear e

added to th (o) i.sl and. an ritd,cal nets_and circuits are
transferr ed?}ggﬂ%’%}é 411}\%%8\?5? e%é){a’l ss'ﬁtaltJ ea‘.)fl‘gIl%C%é(ﬁlﬂ?Fﬁf@lF&[ s Hﬁﬁrsgf’u‘ﬁ?lcﬁfi di ng
bot h | ogi calSonfbtpoyatEal v.ONE. BUSEI-PTR @larch, 1998); and L. Berman, et al., “Efficient

Techniques for Timing Correction”, Proceeding of the 1990 International Symposium on

Circuits and Systems (May 1990).
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voltage islands is adaptable to a variety of placement algorit h.[IrtH
» accordance with the nethod, a voltage island is chosen and circti AQ&ZOO‘r

added or renoved to the island to best anal yze design criteria. The two
primary criteria augitRa® a3RectRELiHb AR j hcal sconstruction
of the islands _occurls bi@gﬁse ctﬁd; lﬁogllﬂgglgﬁspﬁE%@L%lgrqe?%gn%#rﬁto CRBUSHR ¢ hi n
the island andtichpaths.r Bemblis sgedthathel sin vHtethe Ny Eése BhmBaT bR MEL IO MheQREGEAIS
because circuits are nmoved into (and out of) a physical voltage island. The
best pl aceneRtthprwlibe sciprder astibe bisgiAdigmatisthntthosedelipn ofuld bemade bwi t s and t he
physi cal vol e .l ayout. .conbi.ne to jincrease, performance where necessary and
to decrease EB%?@“’W%&@E"%@B&Q&W? ﬂﬂeﬂérglefté]re IPRONEReN do efticahpathaeif fsd makes
finding thisceamainnatiheshiish HelYehiedaaae - showp, ar & et hods
that provide bot]'h Iogli cal and phy I|¥eca cgﬁésgtaraa}g??%ﬁ(g%@%oﬁ%p&%?%lﬁnds. The
preferred entdeitioentdbe ntae bprlemeiny aibiyent han legehimeeilpurhvskgal and

| ogi cal synt E{gg.i S tﬁ provi&;a ewer |evel shifters and | ess power routing,
but still meSEInEEEsSAssush hbp wlddgeduce therreed fondrpleshofieas. | y, by using an
iterative process for construction of the voltage islands, power usage can

be mnimzed while speed constraints, in particular, are nmet. The
enbodi ments and elahpilébe seled thet multipte innmwe besqhcesented 180 Hodevertfor best

explain the present .invention and its practi.cal plicatjon and to thereby
enabl e t hos eg% LR Sﬁ%tcﬁ%l ‘grqutoé’eﬁ?ﬁk@ﬂ lﬁféléseg%éreilhv’_%ﬁ?ai 1B tep Hoheher |
those ski | | eghldofedttis aM fis &’i&clultxyr\/@iq’l%ré.'s@igrgédhghlets@?or{d%g%%:; %s%ﬁlsncr 'g%tél;tgﬁ f‘gd

exanpl es have been presented for the plrposes o i

ouy. The desteisptondnokagesdows tretHiDS olnotredalviardeidlals) fofeLodngbiapliote siabk,t O
limt the i n%rg{uttijon %ao he precise formdjsclosed. Simlarly, unless

ot herwi se sp& Fpgde aﬁ‘;}” Alon g theauiserkto seteppime ifeoritst arqiictat ed i n t he
drawi ngs or in 27 ~ 3 AUG 200g the text is given as an exanple of a

possi bl e sequence_and @%t as a limtation. Many nodifications and
variations are posi B2 lsvelishifiersgre adsled aheieaicededc B the ssbndwaltagdespar t i ng
from the spig; c Ok i.ng, claims., 28.  ~ 3 AUG, 2004
CLAI M5 A metllri]l er?gr%%éef ggﬁalgét%%ﬁgt%gggg?:%gg%ogan %V%}ta%fﬂ%‘fd' ii"?”c‘(?r‘tta%e to a
first of a phiwudh thayowputuintBge cir@ite hrbthe Bedhivolth @ s16d Etﬂ@se?&gedq;m)%ﬁlqﬁivgs
into a pl urallity of bins; assigning one of the bins to a second ‘of the
plurality of e%lS@%ﬁ@ adderbiodhe lghavolfagq senalsy 16 thesedond voltaghiina fover eeieighj n t o
t he second v, : of claim1l wherein the second

vol t age | evelﬁ)dm{l %ggrsggtté gbjr %%J{B g@%!%?@?tw\%l? PLas fnefillélgﬁ Vgl.tag?ﬁ arﬁfﬁq‘?od of

fl ai Im 1 whereionitt thea lbacoitdgaislah@gEhik @Mele HeSadseSs gbidead, IB@/E{/oftééesctiroMf?A fage
evel . . . .. .
level shifters to feed high voltage circuits but high voltage circuits do not necessarily need

level shifters to feed low voltage circuits,

In step 140, level shifters are removed from the outputs of circuits that no longer
need the level shifters. For example, if a low voltage circuit had an output signal that fed a
high voltage circuit, the output signal for the low voltage circuit would have a level shifter
on it. When the bin containing this low voltage circuit is made into a high or higher

voltage island, the level shifter is no longer needed on the output of the low voltage circuit.
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4. The method of claim2 wherein the step of assigning one of | a
. second of the plurality of voltage | evels conprises the steps R’?:&U@Zﬁm
determning a worst slack path in the set of circuits and assigning a bin

havi ng at | east | 4G UL e gne bin. 29 13
BoG 5004 5 “Hhe TG FuS it Dar BoBbabe ﬁggtsoﬁgﬂé"p%‘%%ﬁésesla!aé’ﬁ:aﬁcdeac?ﬁé’ogfr t he
bins to a seudrdngdstivhneCpéuitsabdytty nafved alts agdedi@ish o £0fRId peSI {iftge St ep of
assiging a bi ing a predeterm ned nunber of low switching circuits as

h . M . . .
t he one bi n.seg.ote%él Wtlagher yeltagp Ains iBerogse pequURandyeorsp epkefocas si zgiyacnghlmnet of
the bins to a f the plurali . vol tage | evel onprises the step
of easlsi gni ngézrialgtlgW&D\%i%%vegOgtroiél}eetsgfeﬁﬁegl?al tﬁﬁlﬁﬂgarsf’d?f’w?ﬁ @fﬁﬁ%gfﬁ?%hﬁ@}%ﬂ rcuits
as the one Wijgher Toltage Bt€aEhb gicbut a&|rﬁéx%ﬁhtw’9?§\9ér%ft§§ b§1}1)e8ec$ 2s@SSi gni ng
one of the bins to a second of the plurality of voltage I'evel s conprises
the step of wsgistni.nigermaseancgendyi or iasredseehelsupmandih@binGbecfageyret hod of claim

2 wherein the step of assigning one of the bins to a second of the .
plurality of voltage |levels conprises the steps of determning a |ocation

where many |ate [Rdf@isingaowes BEG. arid «a866010 MG, & 16N Rawkibes d4e14596aLi on as
the one bin. 30 @ 13 ~U G 2004 o . o
particularly. Step 145 in this example is written such that the selected bin is high or
higher voltage and some surrounding bins are lower voltage. Differences between this
situation and the opposite situation, which is when the selected bin is lower voltage and
some of the surrounding bins are higher voltage, will be discussed after the description of

FIG. 2. It should be noted that, even though steps are shown in a particular order in

methods 145 and 100, the steps do not necessarily have to be performed in this order.

After each step or operation of method 145, the circuits can be checked to see if
they violate timing limits, violate any bin capacities, or violate any congestion limits on cut
lines between bins. If so, the operation can be rejected. Timing limits may be violated due
to increased loading on nets brought about by changes in wire length caused by the circuit
movement. Bin capacities can be violated if too many circuits are placed into a bin, such
that the circuits and connecting wiring simply cannot fit into the area of the bin. Note that
different semiconductor technologies may have different area requirements for circuitry.
Congestion limits may be violated if there are too many wires because of too many data
paths going into the bin. If there are too many data paths going into a bin, the bin will not
be wire-able. In method 145, circuit movements may also include cloning of circuits to

reduce the impact on net length.

Stll referring to FIG. 2, method 145 begins when non-critical circuits are moved

from the selected bin to lower power adjacent bins (step 210). Critical paths need to meet
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9. The nethod of claim2 wherein the step of assigning one of t?e% bAUT%m
second of the plurality of voltage |evels conprises the steps of ¢ J LUV
determining a plurality of critical paths, determ ning an anmount of del ay

i mprovenent f.@k. 8% i i circuits i.n the critical paths if the
circuits in each b?ﬁn@regugégg%ng%aeng at“é*%?fi”é’@é‘b%ﬁ"@‘?ﬂ fodpet imdrgeeyi TieP3 bi n
havi ng a | ar ges¢m getfaynsiamheoy QBENSs b &lond f the critical paths if
circuits in this bin are .assggneg 10 the S§E§E§9§§I#{'§gen eSe\‘}Vjé‘fol,il Péﬁﬁa ©

assi gni ng t hicgtigiln Aawntdigicalrngrcivi iv.a dOuit Theismet hodefcathadh Nebyhereln t he

step of assi %nénag one of the bins to a second of the plurality of voltage
| evel s conpr FE8¥" PRENSE 8 5uodt Indedribioph Ritth gStep B0 lowetsgtowkaby moping det efifbaied

amount of in e Lng J.atches and assigning this bin as the one
Bime 11, Thoemerisee e b e e BB e o e aphopetoriser b,
until predet epmrcrige] citduite bicanaved t6Beir it ) iessbaning an additional
bin to the second voltage | evel; assi gnplhﬁsgqf:()??g%%% lﬁot%%]llgfn% t?%g?eéﬁﬁlaﬂ?'onal
bin to the sERVRYCIHNE aydesdorted biaht mmvdongingtbit eaphts ARe fell bRl PEiWEen a
bi n assi gned; {0 ngg ﬁlecond voltage | evel and a bin assigned to the fll rst

vol t age level®” 38R ot hod of ol ai m 11 wherein the step of noving at

| east one circuit between a bin assigned to the second voltage | evel and a
bin assigned to tRﬁ fi rﬁ&vol tacé;e level 31 ~ 3 ~U G 200 conprises the
step of noving at gdiionaliym siep 23siit paspibln te prsifarerais Hy ginede tieculithénh $ecaBded

vol t age | evebintipaidrdi ' he first valtage level. | 3. The nethod
of claiml 1 l\llxlhertgiré;ﬂe?Rgég‘%%%%g?&%o%‘l”ﬁ&h%&e “ésaom'lor e dho rumber pElevden a bi n

assi gned to shifers eonet, nolxtfge nhigveal prossdui Bi bahed he first.
vol tage |l evel conprises the step of Tovi ng .atyﬁtl)eg%?to one ’%?%f%ﬁlllcte dF?"éﬂI’ﬁ% bi n
assi gned to & H@*S8¥AUN-GYiRrergdureds, dfrapl Adgdsithne’s Shigroadiven, Cdigpitirsieny®! t age
level . 14. The claim.11 wherein the predetermned criteria

conprise ninim S;r?%é@gvﬁm%rlgéﬁjglﬁéc%owoéatﬁgb%fe%%‘?’f?g'ngbt?‘ﬁdﬁ%‘te%ﬁem flow Braphhe

met hod of clabutd bd cosetieted frbehdsee BEAIERH-BRRa 1M, LEL fd xi mi zi ng
perf ormance subject to a power constraint. 16, nhl’k’gh{r?gopﬁg‘g&é?& %ﬁm tage

Wherein the &R g’ﬁit isefed by Pigiith ¢n etherden tveltagettinsrant fi@nothe nbih-Brifi €] ER&iS §¢ ad

vol t age | evel, js _the step of addin | evel shifter to an input of
one of the gelreg%?]tggd %ﬁﬁ hoﬁlgcqnﬁ% AEnEY 9“%%5?}& W FEWPHptieuld bo defersnined.

boundary sepall airéuig thidd ereqd ehebildt Tor @B RN ;8 in%ﬁ- el hat, I s assigned to
the first vgetqag:e | evel . 17.(3 The met hod 1ofq o S:P%m‘?&él@l\}\/%hﬁgf)wn(s rig 8Bﬂjd
C

vol tage | ev ngpgat Movingdhese R or Seedind teageitd 10 iejacentay Gdigt BRsSt ep of

moving at | ireuit from a.bi igned to 32
9 QA 8RS ¢ the nlimberof Ravgl-s%?ﬁersg required at the bin inputs. Essentially,

this procedure attempts to create the least number of signals transitioning from low voltage

to high voltage and minimizes wire length. The flow graph is one way of determining

which circuits should be moved to low voltage.

Step 210 may also preferably move high switching circuits out of the bin, High
switching circuits are those circuits that switch a relatively high amount of times. This
relatively high amount of switching burns more power. Thus, a way of reducing power is

to remove high switching circuits from high voltage bins to lower voltage bins. Note that
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~ 0,AUG 200g the second voltage level to a bin assigned to the4fir
© voltage | evel conprises the step of noving at | east one high sd£3c2ﬂ$@ 2004
circuit fromthe second voltage level to the first voltage |evel, and

wher ei n t he iathelc@asits 888 &itl kst GRIcRiGl b brel only 1£. 0t 1s in a
non-critical path. 18. The ng?ﬁgﬁ’g?CQ?QEQ?ﬁHQFW‘%ﬁ@fﬁﬁﬁﬁg&gﬁ%%ggydﬁgﬁ ng
at | east onéiepyanuf thepetedegnswitdhing assitgned to the second vol tage | evel and
a bin assigned to the first voltage | evel conprises the step of selecting
the at |least one circuit based on criteria of mnimzing | evel shifters.

19. The method oflnetepi2n0Lif thahseleied bishBostiRRvRiiRMING ééuy'(ﬁykz@i—ﬂ%‘é reuit
between a bin assigned to the second voltage | evel a 5 a'bin assigned to

the first vdhenlgw Yodipes ciccaiis gl by obipusstofhencimass pribesdatediten satbnsideakd age

| evel to neef. a gr%ﬂgt [ m %g i ni.um si ze. 20. The nmethod of claim 19
wher ei n t he Reedwea/on fsé%’eﬂ‘l 'vg}m‘i”? tymexe g thisqasnenwoyld peaferorials de cheseal |
and wher ei n ¢ gnishiad i | - ircuint between.a bin i gned
to the secor&d v%llﬁt gdgg@}hg@g?@ dafﬁea@ gsh%f?eﬁﬁgcggﬁlgsnrg@fﬁ% begausg }ﬁr%%et“%ﬂ?% %?&gjsﬁeevel

further conplingespuththasheep lewef shifters. nhiabtep @AGHPIO Ak e Wb ARG Ber CUiI t
froma surr undi%% QEn @fsigned to the first voltage level into the first
bin. 21. The W&t Frsgd Y adding mraretrinsd beihe arealgstsdnthevogheayatageval. Tssgr eat er

than the firg I - in.the step, of ving at |east one
circuit et vasn @ RARILEY Eizg BREEREEL Dud Ryt R relhei e et

assi gned t o thaterdiniswer\ohiealias hR\eated3 the Migher Pkt LRQA U EH&PW%B{IP rises
the step of noving at |east one surrounding circuit into the first bin, the

at | east on&mdel coeiHtianyreaiovedifromisies setpeied ban. sAlternativeiyntyishitep @ashagned to the
first voltaggu: .bei.ng.fed by critical paths in the first bin. 22.
The net hod ggd%gg&ms‘%&%‘rn&%ﬁs ?r R& %IFBW%’?% HERFIAIQ tag selestedibing nEhigj r cui t

bet ween a bhﬁnaﬁgggmadngenha@wﬁgg&@@quhB@gﬁm&ﬁ%ﬁ{ and a bin assigned to

the first voltage level "conprises the step of selecting tile at |east one
circuit based on criteria of mnimzing | evel shifters. 23. The method of

i ased S ! I | . : ¥ bi
claim 11 wher ei nitiesséed o d%ﬂoﬂ&oﬁ%ﬁlgagﬁ%ﬁuﬁ&g gSI%)aé:ﬁI&sR%pgﬁ[tov_\eﬁ&P fast in

assigned to the second voltage |evel he
vol tage | evétterwnpidnsiesmadhes st eletiet abubd-eriica ciaduits G@%t bebi robbd SHidep 24. The

reLod o, gLk MBS G RS fmL 0 L 23, one G et veer
vol'tage | eveltiaPoimhits Bvd ffn tvd Rlep®29 P thch SRRkl MGG L B Lottade
bins that feed critical circuits in the selected bin are moved into the selected bin (step 230).
Thus, if the critical circuits in the selected bin are still not meeting timing limitétions, the
qircuits feeding these critical circuits are moved from low power to high power. This
should speed the critical path and improve timing. Level shifters, if any, will be moved

from the outputs of the newly added circuits to the inputs of the newly added circuits.

In step 235, if the selected bin falls below minimum capacity, then low voltage
cireuits fed by outputs of the critical circuits in the selected bin will be added to the
selected bin. Step 235 is similar to step 240. Circuits to move in this manner would

preferentially be chosen to minimize the number of level shifter additions required. Step
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13 AU G 200g 35 25. A nethod perforned on a design for a sem cprdygt 004
chi Q t he mgt hod conprising the steps of: assigning a set of cfﬁbNgZO a
first of a plurality of voltage levels; selecting a seed circuit fromthe

set of ci rcURSSattehis @lcnd HenBitsASRstL 1R ¢ SP0RePhy Ll%‘ Al Vo'tage
gﬁa ed el BY

| evel s; and creating a first voltage I aroun

¢ritedabiets R ei volthgebine Tang wheh Urgelckey B{n d éizélEéé%@sr sntwhfin the
The et hod o wheeb net%ﬁd of claim25 wherein the second vol'tage

T Ie\r/;t Ygl f gggleltcﬁ\éﬁlmtth@ g a%g%wa}l@aé@éts lpaq that arpan IOMeprrmerms aé acdxigdltcbrtIQSd
tin sec nd volta and aroun

sore of the BB g reRh PR Sne R BB e e Bonibf ageed eve

and noving at |east one circuit between the second voltage island and the

[ ' 29. The
first voltage isl rder t meet predetermned criteria,
met hod of ciaim 2’58&73 aelB 't P eﬁnﬁﬁy ?eﬁ@a%io makggeos e adipentibins Bt ween

the second vatdagseihshfRE 8Rdr Elﬁese{?bt%é binY o a?l% #n% N p%ﬂégxgg/%{t%g%:qrggﬁ%

predeterm ned criterra conprises t tep of erg
circuit. fed by outputs of the critical circuits in the selected bin will be added to the selected bin.

Again, circuits to move in this manner would preferentially be chosen to minimize the

number of level shifter additions required.

In step 255, it is determined as to whether all criteria are met for this bin. Such
criteria will primarily be performance and power criteria, according to the performance and
power criteria set for the chip design. Additionally, other criteria may be checked, such as
over- or under-capacity, routing or location specifications, etc. Ifall criteria are not met
(step 255 = NO), method 145 is performed again; if all criteria are met (step 255 = YES),
the method ends in step 250. It should be noted that even though performance and power
criteria could be met prior to step 255, method 145 may be performed multiple times to
reduce power to the maximum extent while still meeting the other criteria. The lowest
power configuration that meets the other criteria (and, in particular, the performance

criteria) would then be the best solution.

It should be noted that method 145 may contain all of the steps shown in FIG. 2 or
may only contain some of the steps shown. For example, only step 210 might be used for
method 145. Preferably, all steps would be used, as this provides the most performance at
the least amount of power. Additionally, if any of the steps of method 145 increases
congestion beyond a predetermined level, circuits can be moved between bins to reduce the

congestion.
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\ . . f V.
~~ ~ AWK 2 r 36 30. The nethod of claim 28 wherein the step o 1 DU4
| east one c?it.);cuit bet ween the second voltage island and the fi rs] nﬂc{]\[pggz

i i t predetermned criteria conprises the step of
T oang The or | oot ane thod of claim 28 wherein the

[ he at |le Lreuit. ., The el
glagglnggvz)l teage i s@%}hﬁaggjt% 51?10‘?’1}15] 1‘ﬁla?r & Wﬁ%@%&ﬁ?‘?@ﬂlfh@ ;@Cmféﬁd b;?fiSt ?Rg
. i Y i . . _ y | eripiscal .
2t Toast one elpourt pan o Gt sl T, MY Lkt PR ™ ool Sedcona
vol t age i sl athd adBgent bins anehigbet voftagy| ﬁigﬂibaSM\/a@ﬁl@lﬁ s}!i@ﬁt%?ﬁ@l@tﬁgﬂﬂgigm 33
i i i inimzj ower subject to a performanc ons . .
The. met hod oF " eCE Ao NoRls] 1 Howepen ot Sem? H6id T o bBL GOTRILS o

imzi ; ' a_power constraint. 34, The net hod of
Gl ai m 25 ahorly arTRRe BBl Ebed Bl B o el i s Binok e sSedshiinyan age
sl and i nto el betpuveicingemal sk aborithie bRl TutRIARONIA V0L 1R8]y pl.ohe
than the first voltage, and wherein the at Ieast.pn_ circul C
Cirouit. 35 T0Fhe FoeRotes 230 and? 2B Easenthly, mnmﬂicsnmums’r@orﬁ&ﬁpmﬁﬁmgr .
iterating, up il the redeterm&ned crllterla are met, the steps of selecting
a seed ci rCU|éhefr|p8W161itﬁ85 YEMQEd yte theilewer powsr bini ng the seed circuit _toI a |
second of the plurality of voltage |levels, creating a first voltage islan g
around the seed cjrcuit, and moving at |east one circuit between the s_ecog
vol tage island arf¢ "4 i&Prlidp of mpHioddge. stept xcbfimettoddép it gerforatd predatiensine

criteria. 100 continues until the criteria have been met or until the method does not converge.

Generally, the latter is set as a time limit: if the method exceeds a particular time, then it is
assumed that the method is not converging to a solution. This could hdppen, for example,

if too low of power criteria are chosen for too high of performance criteria.

Turning now to FIGS. 3 through 7 in addition to FIGS. 1 and 2, FIGS. 3 through 7
show an exemplary section of a chip design. FIG. 3 shows a completely unplaced chip
design, as such a design would exist in step 105 of method 100. FIGS. 4 though 7 show

the same chip design at various stages of the placement process of methods 100 and 145.

InFIG. 3, a completely unplaced chip design is shown. Unplaced chip design 300
comprises various inputs 310, 311, 3 12,313, 314,315, and 316 and an output 320.
Unplaced chip design 300 also comprises a number of circuits: several NAND gates 331,
332, logic blocks 340 and 330, a number of inverters 350,351,352, 353, 354, and 355,
and a NOR gate 360. Unplaced chip design 300 is described by a netlist.

In FIG. 4, a partially placed design 400 is shown. Only some of the
interconnections are shown. Partially placed design 400 is shown after steps 110 and 120

of method 100. Each bin has been set to low voltage, thereby creating low voltage
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~ ~, ~1U G 200g 37 36. The.nethod of claim 35 wherein one of the ge A
Ci rcw ts is selected next to an existing voltage island assi gneds' § Arhéo 2004
second voltage level, wherein an additional voltage island is created

around the obaviskeds £10 fidi420. BOndRen 7 sephiaes Addivol; QRals 45}Ud42%xéﬁtstet?920
voltage islands are rrerg:zd to create a | arger voltage island

met hod of cl apmaégﬂﬂﬂyn $is bétwns welp bohisedtie tratd mept paisemnansbjativeshe detuct

vol tage islands t.0 f beneath a m mcapaC|t 38. The nethod of claim
37 whgr ein t REVEYH r\?%‘“-l%g’@n Vgltqﬁegﬂ@% rﬁ’élﬁmi%]ét? megtothes desigreobegiiresher ei n

th thod f i f ] critica
Girout s i nt arpre saTBEpRRaLs BRedl R dIG7 BER Y B 4Bl
cl ai m 37 wheamsd nets hw&mrmlbbaﬂﬁry%dﬂ gher than the first voltage, and

wherein the method further conprises the step of noving an adjacent | ow
switching circuit into the one voltage island. 40. A program product

conprising: (A) aIerI@lét%490@1%@6@1121@&%1?&6‘9}1%}]1'\}3&? M E/g‘ ay 'sﬁﬁu'h%st ?%9”

tool, the integrated circuit design to assi ghi ng CI'rcur t
first of a phllipafeiia yeof not alet Gpp 128veN©), spaist 5 10 wa e@clebas smghafou@ JGHIL S

into a pluralit f_Dbi ning one of the bins to a second of the
pl ural i 5 of V&P %{%1(8 BF’e{}Z)I(égosglrfgc}aégi’f’érhe%uwlmﬂ@ﬁlﬂéd Wi stifliardowhveltageedibi Allt o
t he second v v h; | earing, _
program 41. 8_%_ egg}gglrgg%e&%a u%%lg&]?) h@??%ﬁ% uﬁer@l n" ?Sﬁgﬂa éﬁgFH‘&Earl ng
medi a conpr i semge biobedabket e dhamodt 2ireth tsemnn@@a@fmm(q%%a&fsmb ?H tms%%au
wherein the signal bearing nedia conprises transm ssion nedia.

design (step 130 of method 100). Level shifters 470, 480, and 490 were added to nets 370,

370 and 440, respectively, to shift these signals to higher voltage (step 135). Level shifters

were not added to net 460 and path 370 as it leaves inverter 353 and travels to inverter 354

because these are high voltage signals. These signals should be able to drive low voltage

circuits. In step 140, no level shifters were removed.

The partially placed design 400 can be checked after any of these steps to
determine if power, performance, and other criteria are met. In the case of bin or high
voltage island 5 10: net congestion is fairly high; inputs 310 through 314 require quite a bit

- of wiring on one side of the bin. Additionally, a non-critical circuit (NAND gate 332) and
non-critical nets 450, 440, ahd 460 are 1n the high voltage bin 510. Moreover, it can be
assumed that critical path 370 either does not meet timing requirements, meaning that

slack 1s negative.

FIGS. 5 and 6 should be referred to during the following description of the
sequence of steps of method 145 of FIG. 2. Because bin 510 is not optimized, in step 210
of method 145, input 314, circuit 332, and nets 440, 460, and 450 are moved into low
voltage bin/island 520. Level shifter 490 is no longer needed and is removed. In step 220,
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~ 3 ~! U G 2004 43. The program product of claim40 wherein the 6o
voltage level is greater than the first voltage level. 44. The pr g)r&i’ﬁ 2004
product of claim40 wherein the second voltage level is less than the first

vol tage | evaho sckicd Vi isHoP BEAMRRANIR bofiLice AL 48, WAL FALYS, %&gﬂ%gr at ed

circuit design tool assigns one of t a lity of

vol t age | evelrsuibyhate besnmmonedg IRste®p 30, chiliad kir@ats!s 5it And BEo %Imo%d GitS ﬁféiht s and

assigning a bin having at least one circuit in the worst slack path™as the

one bin, ~46.vol#ge iv/eindra1Br daved shiBer €10ais mo ddigeieedich butevel siiifgrea0ag circui t
desi gn t ool Sj gns_one of the ttﬁi ns tg a second of the plurality of voltage
| evel s by asag?%intl ﬁ%crféasﬁmelvoh%ﬁ ?jnaetpf’%(gdet ernmined number of | ow switching
circuits as the one bin. 47. The program product of claim44 wherein the
integrated circuit design éool assigns one of the bins to a second of the
plurality of vol £2Y&" #srsriermsncy sulegmpregletermingd ravEmed IP?@@@X@BW,HE@SZL 18
f hi ' | I CUl the one. bin. 3 : ~ ~ U~ 2a :
q_ﬁgb S;ogramlb%?% ﬁqggqotﬂ%%wﬁ?g%& ﬁ%@?@lﬁl}?et‘)ﬁ eniaﬁfee@fta?épdve@?rr ggthed JdS o t ool
assi gns oneasb bk headbittBerh@ adpréReeMche@nutnBer dHiitieah iotder R}(asgé?{ag?'@&th vels by
assigning a randombin as the one bin. 49.. The program product clal m43

i, S A St skt a1 15,
nmany | ate pgfaﬁgmggn\&}gfﬁéglgaﬁqﬁégsg@‘?d ﬁﬁl aéi%B}Oﬁ thElihd ade. plts dteraing dyovgle one
bi n. method 145, the result is placed design 700 of FIG. 7. It should be noted that the

placement of in FIG. 6 of critical path 370 has made the slack in this path positive.

Because it meets timing requirements, the path 370 is no longer critical in FIG. 7.

However, any changes to this path should be check to determine compliance with timing,

In step 210, critical circuit 350 was moved from high voltage bin/island 510 to low voltage

bin/island 520. This result has the lowest number of level shifters and the lowest power,

while still meeting the performance criterié. During this iterative process, critical circuits

351, 352, etc. were also have been moved from bin 510 to bin 520. However, performance

was not met. Thus, placed design 700 meets performance and power criteria. If power is

less of a criteria, then circuit 350 and perhaps circuit 340 might be added to high voltage

bin 510 (assuming that capacity requirements are not violated).

After step 145, additional bins will be selected and optimized in steps 125 through
145, until the entire design is optimized. In the simple example of FIG. 7, bin 520 could
be assigned to high voltage. This would provide a performance improvement. However,
the power will also increase. Because placed design 700 meets both performance and
power requirements, step 125 will indicate that all criteria are met. In step 150, the -
placement is finalized and the netlist and placement information are output. What results

is the placed, optimized design (step 160).
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50., The ‘program product claim43 wherein the integrated circuit ;ilgiie&m t ool
assigns one of the bins to a second of the plurality of voltage | HG}QDOI,.
determining a plurality of critical paths, determ ning an anmount of del ay

i nprovenent for e j i ircuits.in the critical paths if the
cirrPcui ts in each g\iq%hg(?é;ldgga\élhgggg"atyg&lstoﬁlédg%&?ﬁaawp sYeOoPegaions sighiasg a bi i |

havi ng a | ar gesingdaldeynfiering MRS ﬁ;rglea;ed{%z%kggcﬁc%{ 8%9& ggliis riaé%go I gnz%lt_l gs i f

circuits in this bin are assigned to the s ol tage f

assi gni ng t hiBemBiiep pesfarmed duringainethod 145 mhedmepgwaqbymﬁi%im%(mg@ N 40
wherein the ieﬂ}ne r.at e[cj CLrhCE‘idt I;&si gn tool assigns one of the binsto a
second of th& BITFERRALGVeLTnlies)  BddGr &\aepastiafly rdesed demgm 000 dinprishrat hipgs a
predet er m negodRWM 1 ' Lrectly.feedi tches and assigning this
bin as the on(e)@dbglan.1 4(82‘0 éeﬁag{eiﬁ%h{a %&O%O“%? gl?ﬂg%ﬁisé?%ml&&acpx undeay m 40
wherei n the ifMegeavedtvel shifttrd 1055ndN 06001 @5 S; L4k.onal bin to the
second vol tag)gvl evel , assi]%gs circuits within t]ﬁégslgg@?@ﬁgkgaltagﬁ?rﬁmtt ®the

second vol t alf¥eF ¥oage ohhm 180 dasthathighensaltagnef g 11020, twible e B&hiflerbioR s @?ési gned
i.gned to the first voltage |evel

to the secon vel an uy, as
until predet g’re\rﬁ?g%g?‘!Pg%‘ﬁ?%"%&‘é???gf‘glo%gel%@lﬁﬁ%@ﬁwwmm 1055 mhphoo 52
wher ei n the behededt Bt thd paitibllardehingidgl BGhe NOUGS Ffé azinﬁe%glts&?éf}? éé reul t

between a bin assigned to the second voltage leve grieer -t o
the first voldadedy spen chificatpathnignt abs beasiadenemetrtish _requlggh@,rtpg,ppl 31 gned
to the second voltage level to a bin assigned to the Tirst voltage Tevel.
54. The program product of claimb52 wherein the integrated circuit design

tool noves at | eadigholags bic 020 betpreninduldil 0 @&ss sgeEAN

vol tage | evejro @nd cfl (g:%n assbiagned t omtﬁhem?}lr st vol t%gg@llﬁe’ag%&%? @ggi ﬁOJSat
least one ci I8 $2% B logisitocksl 5 Grrad output hedls downebltagd biad@3b exaprided a bin
assigned to i fit t . program product of claim52
wherein the pg‘gtsjeli)[ef{r}r]irér%h I???’tlléél}!giogléﬁgﬁ’@ﬁﬁeﬂp%?f@jj_lﬁ&%@r 16%ibj Wient o a
per f or mance mehsd 43 nins ob e p'EhﬁllpWé&Hésﬁgrpﬂ}@@}it %fde?én%in%h%t‘{ﬁé%?é lrgnétﬂe

redeterm ned criteria conprise
P ehappens to E)e ﬁlgfl (prraPmcularly the nets 1093 and 1094) and level shifter 1055 may be
removed. To support this, inverter G1 1070 and inverter G2 1075 are cloned to become
inverter G1 Clone 1097 and inverter G2 Clone 1096 (see FIG. 9). This reduces line length

as the line length is now net 1091. Additionally, as level shifter 1055 is no longer needed

the number of level shifters are reduced.

The previous methods were described using PDS, or placement driven synthesis.

There are other placement tools and methods. The present invention is applicable to any

placement environment that proceeds through successive refinement of the locations of the
circuits on the design and in which the placement process may be interrupted to make
changes in placement of the logic. The following discussion centers on a placement tool
and methodology is a simulated annealing placer. As stated in the Overview section, such

a placement tool operates by analogy with the physical anncaling of a crystal, making

many trial changes to the placement.
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maxj m zi ng performance subject to a power constraint. 41 ~ 31At:J N}E@O@pq_
[

57. The program product of claimb52 wherein the integrated ci r cut't

tool noves at | east one circuit between a bin assigned to the second

vol tage |evel andpgnipRoRSsFaned. s fié\gre Ehdvila I\Ef}lgtltlil%)ﬁg@? hg%g@g%ntzl%igqclgpgg

the at | east one circuit based onh cri ria o

58. The progihasrgronsnictiaf oftotage SRS @sihﬁ%téﬁﬁgﬂﬁ?gga Gl ' gMiLgdgsi gn
t ool noves ét |.east one circuit between a bin assigne tche second
vol t age | evel00dh¥ery sl sxwiedind d0f,gentrelly onlp tifferintageill lR\idouted Gadse a

first bin asgi the s d voltage |level to neet a predeterm ned

m ni mum si zyhggsﬂ?ﬁ%’% tﬁ%eél?oglrcﬁbgr (9\315’(96 f disPussinsE mgh be dereliciad tose oo toF1G.

vol t age | evel fof SorfiFRRbEr than the first voltage | evel, and wherein the
integrated circuit design tool noves at | east one circuit between a bin
assigned to the second voltage |l evel and a bin assigned to the first

vol tage | evel fur, - | t |least. one lowswitching circuit froma
surrounding .bin (%r{s%g{]fgf%énd t\é{‘{]er(%le]%?el twgtm?}l&?‘géb’é] R0 qf meghodrf90f A BIPSbi | | .
60. The progyaempsuollusthadisealfemRB& YREURIERS (he. yal.tage |evel i
greater than the first voltage |evel, and wher eihﬁ?(t%ﬁ«%%ilntt%eaéeragtc%lk%\étil?sc 't
desi gn t ool SHeweigd apnaabing plaegmeent Fystani dods ebivese birs. lih Btep830,9R8EhdF t he second

vol tage | ev nd. a bin.assigned to the first voltage |evel further by
nmovi ng at | g)g%tl?lgglﬁé ‘%%“??%ﬁ?f&q’rf’g“%aeffeﬁwg SHRtkestsetipnsrastthpdesign He rmtmbleast

one surroundhf@li6s pRYétherld B} i; 1di in signed to.the first

vol tage | evel andg gei ng fggd&gsys 1%?‘?{@5&%9}5@3 hgg\fegagteﬁzg ngiagﬁfw}tsﬂ? beingz  AUG

2Q04 61. Thewgyedirsamller bautte sofalledt atcommndbibvdiape fsh@disBb e ThRLAGHE CUi t

desi gn t ool nmvaﬁs at .| ealzt one circuit between a bin assigned to the second

vol tage | evEPTHH goucalips PRSI BEPORSS to Fimish prgttongiling dee dopuetencgaranses t he

step of sel ggysidalcdRBudion! B Sita rikq%@isrcuit based on criteria of m nim zing
A . AU ?. AuYl . ‘

|l evel shifters. 43 . CALAL AL LA L AYRY. A@

In step 830, a circuit is selected as a “seed” circuit. As previously discussed, it is
preferable to initially set all circuits to low voltage. The seed circuit is then assigned to
high voltage and a high voltage island is created around the seed circuit. The size of the
high voltage island can increase or decrease depending on the number of circuits in the
island. It is possible to preferentially choose, as the seed circuit, a circuit that is close to an
existing high voltage island. Therefore, moving the seed circuit physically adjacent to the
existing high voltage island will increase the size of the existing high voltage island.

Thus, instead of having bins where the entire bin is selected as a voltage island, method

800 selects a circuit and creates the voltage island around the circuit.

In step 845, circuits are moved between areas (between islands) to improve speed
and decrease power and congestion. Step 845 is disclosed more particularly in FIG. 11 as
method 845, and is similar to steps 230 through 255 of FIG. 2. For step 930, critical

circuits in low voltage islands that feed critical circuits in the selected island are moved
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to the higher power selected island, and the non-critical circuits are removed from the

selected island.

Additionally, in step 935, it may be necessary to make room in adjacent islands for
circuits being moved out of the selected island. To allow this to happen, low voltage
circuits fed by outputs of the critical circuits in the selected 1sland will be added to the

selected island. Again, circuits to move in this manner would preferentially be chosen to

minimize the number of such level shifter additions required.

In step 955, it is determined as to whether all criteria are met for this island. Such
criteria will primarily be performance and power criteria, according to the performance and
power criteria set for the chip design. Additionally, other criteria may be checked, such as
over- or under-capacity, routing or location specifications, etc. If all criteria are not met
(step 955 = NO), method 845 is performed again; if all criteria are met (step 955 = YES),
the method ends in step 950. It should be noted that even though performance and power

criteria could be met prior to step 955, method 945 may be performed multiple times to
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] ca] ca] ca] ca] ¢ aU})c a] ca] ca] cal ca] ca] cal] caJcal=. ca] ca] cal

) o Lo btk kol i b ghe

o R A a2 Bt O e
9 ‘() - Ot1"710% & ()-!)!10%t& ()--1f110% t¢ () & ()- 0

rlO/d_fL’\%\l: éOtlo&/ft& (1)E3fl 1 10% &'(%)-! "109WN () - -t 19% & ()--S10% & () -

y! ?I/.O% & ()- - $vk@ld elsobomot st 1BRHES foey @thil h88thP &ddidioda@frcuits to the

10%t& ()- Z@sla%%%t f%e gs)le;nsd%glle]s'? g{lﬁagla(p)réferred capacity. If steps 930 and 935 do not add
enough circuits to the island (either because the critical input cone is small or because the
circuit movement required to achieve physical adjacency violates other constraints), other
nearby critical circuits may be selected, assigned to high voltage, and moved into the
island. Steps 930 and 935 can then be continued on the inputs and outputs of the newly

added circuits.

Note that, as discussed in reference to method 145 of F IG. 2, other actions may be
taken to meet predetermined criteria in step 845. For instance, buffering or cloning may be
used to improve speed, decrease power and/or decrease congestion. As further examples,
the following optimizations (discussed in reference to method 145) may also be used in
step 845: high switching circuits may be moved out of high voltage islands and into low
voltage islands to decrease power, if a voltage island becomes too small, circuits in a
surrounding, low voltage island that are fed by critical paths or nets in a selected high
voltage island may be moved into the high voltage island (improves speed); circuits may

be moved into a selected voltage island based on minimizing level shifters.

In step 850 of FIG. 10, changes are disallowed that will cause the high voltage
islands already defined to become physically disconnected. The finishing placement
process continues, but with the rule that no changes can create physical disconnection

between high voltage islands. The exact X,Y placement of circuits within voltage islands

is also determined in this step.
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In summary, the method of providing both logical and physical construction of

voltage islands is adaptable to a variety of placement algorithms. In accordance with the
method, a voltage island is chosen and circuits are added or removed to the 1sland to best
analyze design criteria. The two primary criteria are power and performance criteria.
Logical construction of the islands occurs because the logical structure is maintained
within the island and on surrounding islands. The physical construction occurs because
circuits are moved into (and out of) a physical voltage island. The best placement occurs
when the logical relationship of the circuits and the physical voltage layout combine to
increase performance where necessary and to decrease power where necessary. The

lterative nature of the method makes finding this combination relatively easy.

What has been shown are methods that provide both logical and physical
construction of voltage islands. The preferred embodiments of the present invention
combine both physical and 1ogica1 synthesis to provide fewer level shifters and less power
routing, but still meet timing and other requirements. Additionally, by using an iterative

process for construction of the voltage islands, power usage can be minimized while speed

constraints, in particular, are met.

The embodiments and examples set forth herein were presented in order to best
explain the present invention and its practical application and to thereby enable those
skilled in the art to make and use the invention. However, those skilled in the art will
recognize that the foregoing description and examples have been presented for the
purposes of illustration and example only. The description as set forth is not intended to
be exhaustive or to limit the invention to the precise form disclosed. Similarly, unless

otherwise specified, any sequence of steps of the method indicated in the drawings or in
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U&' () -466666688: ~_@! 10%& ()-S910%&' ()-2Z! Yt!109%&' ()-$10%& ()-m 10 1U31A[5[G12)004

1086510%& ()-!, (! 10%& () - gSY40%: ()-S! 10%& ()- ?@BODDFaBj =!y! 1 10%& ()-fS
z109& ()- ° CLAIMS \ .

109% () - &@1 10%& ()-! @1 109 ()-3' ! 109% () - F\ H"H_H HaHoHHI bC! f & ! 109%& () - f |
109% ()- 9%0%& ()-m 10 10

106" 109%& ()-y! ! 109% () -1 JK* L=LL4AMIEbC! @ 109%&’ () - 10%&’ () -

S 109 ()- S10%: ()- Sy& 10%& ()-,10%& ()- 4M MVPPPPPPXmbCl 0$10% & ()- 10 10
10" 9610%&' ()1~ @r% 1 0o roripOegs (e -ste@ of: . .

s10%& () - PR UOVEYFYGYHYVYz| "P1l %r10%&' ()- 10 10

10" 1%&110% & ()-s!:110% & ()-!& 10% & ()-F 110% & ()- VYYY[\ U er} A27P1l %
Y@"y1l0% & (apsig@d 0%et&1 Crendls $o a first of a plurality of voltage levels:

10%/& ()-11fTOM10% / & ()--y&0% & ()-yF ! 10% &'%)- Ze~""kanaoapaqgaa) cbC %ryF

10%& () - %%)QIO{%OQQI{gYhelS%[( of circuits into a plurality of bins;

assigning one of the bins to a second of the plurality of voltage levels; and

assigning circuits within the one bin to the second voltage level.

2. The method of claim 1 wherein the second voltage level is greater than the first

voltage level.

3. The method of claim 1 wherein the second voltage level is less than the first

voltage level.

4. The method of claim 2 wherein the step of assigning one of the bins to a second of
the plurality of voltage levels comprises the steps of determining a worst slack path
in the set of circuits and assigning a bin having at least one circuit in the worst

slack path as the one bin.
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6. The method of claim 3 wherein the step of assigning one of the bins to a second of
the plurality of voltage levels comprises the step of assigning a bin having a

predetermined number of high switching circuits as the one bin.

7..  The method of claim 1 wherein the step of assigning one of the bins to a second of
the plurality of voltage levels comprises the step of assigning a random bin as the *

one bin.

8. The method of claim 2 wherein the step of assigning one of the bins to a second of
the plurality of voltage levels comprises the steps of determining a location where

many late paths converge and assigning a bin having the location as the one bin.
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the plurality of voltage levels comprises the steps of determining a plurahty of

critical paths, determining an amount of delay improvement for each bin having
circuits in the critical paths if the circuits in each bin are assigned to the second
voltage, determining a bin having a largest delay improvement to at least one of the
critical paths if circuits in this bin are assigned to the second voltage level, and

assigning this bin as the one bin.

10. The method of claim 1 wherein the step of assigning one of the bins to a second of
the plurality of voltage levels comprises the steps of determining a bin that has a
predetermined amount of inputs directly feeding latches and assigning this bin as

the one bin.

11. The method of claim 1 further comprising the step of:

iterating, until predetermined criteria are met, the steps of:
assigning an additional bin to the second voltage level;
assigning circuits within the additional bin to the second voltage level; and

moving at least one circuit between a bin assigned to the second voltage level and a

bin assigned to the first voltage level.

12, The method of claim 11 wherein the step of moving at least one circuit between a

bin assigned to the second voltage level and a bin assigned to the first voltage level
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13, The method of claim 11 wherein the step of moving at least one circuit between a
bin assigned to the second voltage level and a bin assigned to the first voltage level
comprises the step of moving at least one circuit from a bin assigned to the second

voltage level to a bin assigned to the first voltage level.

14. The method of claim 11 wherein the predetermined criteria comprise minimizing

power subject to a performance constraint.

15. The method of claim 11 wherein the predetermined criteria comprise maximizing

performance subject to a power constraint.

16.  The method of claim | wherein the step of assigning circuits within the one bin to
the second voltage level comprises the step of adding a level shifter to an input of
one of the circuits within the one bin, wherein the input crosses a boundary

separating the one bin from an adjacent bin that is assigned to the first voltage

level.

17. The method of claim 12 wherein the second voltage level is greater than the first

voltage level, wherein the step of moving at least one circuit from a bin assigned to
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18. The method of claim 11 wherein the step of moving at least one circuit between a
bin assigned to the second voltage level and a bin assigned to the first voltage level
comprises the step of selecting the at least one circuit based on criteria of

minimizing level shifters.

19. The method of claim 11 wherein the step of moving at least one circuit between a
bin assigned to the second voltage level and a bin assigned to the first voltage level
causes a first bin assigned to the second voltage level to meet a predetermined

MINimum size.

20.  The method of claim 19 wherein the second voltage level is greater than the first
voltage level, and wherein the step of moving at least one circuit between a bin
assigned to the second voltage level and a bin assigned to the first voltage level
further comprises the step. of moving at least one low switching circuit from a

surrounding bin assigned to the first voltage level into the first bin.

21. The method of claim 19 wherein the second voltage level is greater than the first
voltage level, and wherein the step of moving at least one circuit between a bin

assigned to the second voltage level and a bin assigned to the first voltage level
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22. The method of claim 19 wherein the step of moving at least one circuit between a
bin assigned to the second voltage level and a bin assigned to the first voltage level
comprises the step of selecting the at least one circuit based on criteria of

minimizing level shifters.

23. The method of claim 11 wherein the step of moving at least one circuit between a
bin assigned to the second voltage level and a bin assigned to the first voltage level

comprises the step of buffering at least one circuit.

24. The method of claim 11 wherein the step of moving at least one circuit between a
bin assigned to the second voltage level and a bin assigned to the first voltage level

comprises the step of cloning at least one circuit.
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assigning a set of circuits to a first of a plurality of voltage levels;
selecting a seed circuit from the set of circuits;
assigning the seed to a second of the plurality of voltage levels; and

creating a first voltage island around the seed circuit.

26. The method of claim 25 wherein the second voltage level is greater than the first

voltage level.

217. The method of claim 25 wherein the second voltage level is less than the first

voltage level.

28. The method of claim 25 further comprising the steps of creating a second voltage
island around some of the set of circuits that are assigned to the first voltage level and
moving at least one circuit between the second voltage island and the first voltage island

in order to meet predetermined criteria.

29. The method of claim 28 wherein the step of moving at least one circuit between
the second voltage island and the first voltage island in order to meet predetermined

criteria comprises the step of buffering the at least one circuit.
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30. The method of claim 28 wherein the step of moving at least one circuit between

the second voltage island and the first voltage island in order to meet predetermined

criteria comprises the step of cloning the at least one circuit.

31. The method of claim 28 wherein the second voltage is higher than the first
voltage, wherein the at least one circuit is a high switching circuit that is non-critical, and
wherein the at least one circuit is moved from the first voltage island to the second

voltage island.

32. The method of claim 28 wherein the predetermined criteria comprise minimizing

power subject to a performance constraint.

33. The method of claim 28 wherein the predetermined criteria comprise

maximizing performance subject to a power constraint,

34. The method of claim 28 wherein the at least one circuit is moved from the
second voltage island into the first voltage island, wherein the second voltage is higher

than the first voltage, and wherein the at least one circuit is a critical circuit.

35. The method of claim 28 further comprising the step of iterating, until the
predetermined criteria are met, the steps of selecting a seed circuit from the set of circuits,
assigning the seed circuit to a second of the plurality of voltage levels, creating a first
\;oltage island around the seed circuit, and moving at least one circuit between the second

voltage island and the first voltage island in order to meet predetermined criteria.
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36. The method of claim 35 wherein one of the seed circuits is selected next to an

existing voltage island assigned to the second voltage level, wherein an additional voltage
island is created around the one seed circuit, and wherein the additional and existing

voltage islands are merged to create a larger voltage island.

37. The method of claim 35 wherein the step of iterating causes one of the first

voltage islands to fall beneath a minimum capacity.

38. The method of claim 37 wherein the second voltage is higher than the first
voltage, and wherein the method further comprises the step of moving an adjacent critical

circuits into the one voltage island.
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39, The method of claim 37 wherein the second voltage is higher than the first voltage,
and wherein the method further comprises the step of moving an adjacent low

switching circuit into the one voltage island. {

40. A program product comprising;

(A) a computer program including a integrated circuit design tool, the integrated
circuit design tool aésigning a set of circuits to a first of a plurality of voltage
levels, partitioning the set of circuits into a plurality of bins, assigning one of the
bins to a second of the plurality of voltage levels, and assigning circuits within the

one bin to the second voltage level;

(B) signal bearing media bearing computer program.

41. The program product of claim 40 wherein the signal bearing media comprises
recordable media.
42. The program product of claim 40 wherein the signal bearing media comprises

transmission media.
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the first voltage level.

44.  The program product of claim 40 wherein the second voltage level is less than the

first voltage level.

45. The program product of claim 43 wherein the integrated circuit design tool assigns
one of the bins to a second of the plurality of voltage levels by determining a worst
slack path in the set of circuits and assigning a bin having at least one circuit in the

worst slack path as the one bin,

46.  The program product of claim 43 wherein the integrated circuit design tool assigns
one of the bins to a second of the plurality of voltage levels by assigning a bin

having a predetermined number of low switching circuits as the one bin.

47. The program product of claim 44 wherein the integrated circuit design tool assigns
one of the bins to a second of the plurality of voltage levels by assigning a bin

having a predetermined number of high switching circuits as the one bin.
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bin as the one bin.

49.  The program product claim 43 wherein the imtegrated circuit design tool assigns
one of the bins to a second of the plurality of voltage levels by determining a
location where many late paths converge and assigning a bin having the location as

the one bin.

50.  The program product claim 43 wherein the integrated circuit design tool assigns
one of the bins to a second of the plurality of voltage levels by determining a
plurality of critical paths, determining an amount of delay improvement for each
bin having circuits in the critical paths if the circuits in each bin are assigned to the
second voltage, determining a bin having a largest delay improvement to at least
one of the critical paths if circuits in this bin are assigned to the second voltage

level, and assigning this bin as the one bin.

51.  The program product of claim 40 wherein the integrated circuit design tool assigns
one of the bins to a second of the plurality of voltage levels by determining a bin
that has a predetermined amount of inputs directly feeding latches and assigning

this bin as the one b,
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53. The program product of claim 52 wherein the integrated circuit design tool moves
at least one circuit between a bin assigned to the second voltage level and a bin
assigned to the first voltage level by moving at least one circuit from a bin assigned

to the second voltage level to a bin assigned to the first voltage level.

54.  The program product of claim 52 wherein the integrated circuit design tool moves
at least one circuit between a bin assigned to the second voltage level and a bin
assigned to the first voltage level by moving at least one circuit from a bin assigned

to the second voltage level to a bin assigned to the first voltage level.

55. The program product of claim 52 wherein the predetermined criteria comprise

minimizing power subject to a performance constraint.

56.  The program product of claim 52 wherein the predetermined criteria comprise

maximizing performance subject to a power constraint.
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57.  The program product of claim 52 wherein the integrated circuit design tool moves
at least one circuit between a bin assigned to the second voltage level and a bin
assigned to the first voltage level by selecting the at least one circuit based on

criteria of minimizing level shifters.

58. The program product of claim 52 wherein the integrated circuit design tool moves
at least one circuit between a bin assigned to the second voltage level and a bin
assigned to the first voltage level to cause a first bin assigned to the second voltage

level to meet a predetermined minimum size.

59. . The program product of claim 58 wherein the second voltage level is greater than
the first voltage level, and wherein the integrated circuit design tool moves at least
one circuit between a bin assigned to the second voltage level and a bin assigned to
the first voltage level further by moving at least one low switching circuit from a

surrounding bin assigned to the first voltage level into the first bin.

60.  The program product of claim 58 wherein the second voltage level is greater than
the first voltage level, and wherein the integrated circuit design tool moves at least
one circuit between a bin assigned to the second voltage level and a bin assigned to
the first voltage level further by moving at least one surrounding circuit into the
first bin, the at Jeast one surrounding circuit being in a surrounding bin assigned to

the first voltage level and being fed by critical paths in the first bin.
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The program product of claim 58 wherein the integrated circuit design tool moves
at least one circuit between a bin assigned to the second voltage level and a bin
assigned to the first voltage level comprises the step of selecting the at least one

circuit based on criteria of minimizing level shifters.
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