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WD 2004/ 070773 PCT/ GB2004/ 000434 1 | NTEGRATED CIRCU T
PONER SWTCH CIRCU T SIZI NG AND PLACEMENT TECHNI QUE
wab@4prEsent i nvention generally relates to i nPEGR2@/000434
circuits and nore 5 parti cugarl y to an inproved
integrated circuit design and nethod which wutilizes
vol tage islands in application specific integrated
circuit (ASIC) designs that nmke increasing use of
power suppNTEGRACER [CICREULTe BOWHR) S@ETQHOCIRSYAT r IZIBA@I p
power consunption. g Afadselnciseayrgsal es for
increased circuit density and performance, the need
to reduce power consunption increases in significance
The gyregeni ghers-logtgane@tly neldtes etq ABTHIPAREITHgCStYs) eah more
parttiapadtly toes idheveonsiteBratREOiChit NRisket shdrhdi@od which

utlpl e¥e§olttgge rl%@Qn&so l£n Jﬂpﬂéﬁcﬁsﬁ' %e@@% 199 @&icﬁ@cuﬂé (ASIC)
t ot al ower consu convent | ona

he
des:c‘%“rgcb]?"tt &Fﬁ“aeé‘fl%%t"isx?e"%/%m? 588%]%&% PO PR ges o
contgplt Hieyp vaﬁtrcﬁo%ﬁtuﬁ't?ésonand ei ther charge or discharge

t he capacitance associated with the sw tching nodes.

As &%‘hhé!?o Qc\!ﬁresrﬁﬁf e3e-Sed qupme@eﬁémug@ in‘chx‘ﬁﬁnce, the
of the CII‘CUIt to swit

st
need, K PR Rt O P uHEBRES Thi S BORETrS Hrofcoigmers
strpreeserittiiii=e e cidvensing ﬁlht@@étcra@ﬁbﬂsltﬁeﬁ JEei G@lsymer product
marisad EGihag. dACkE ghepOMET tolSinphOpokchi®mpalet aohlenption.

capaci tance that is switched, the frequency of

tion and to t quar e of
e JRER A e B S aaytwgaﬂdﬁa PO P St ugse ot ive
POW??%FOIHWda‘?BE§1¥Wéa%%§hW tsvitae wtpEerc esd elg}éﬁ?éroélﬁif% or
disdhegpoiter cagich ease sepicesesnt edrbynkhivd terpachbésce Active

powérn‘}é?gf%n{:§ t%é ﬁgm;e:%eéong}ﬂméch%ysﬁﬁi |1ﬁger&fedt$&kp9fvecrhe circulit to

swi%cg\l\g olt

\d The frequen
SO RE s T et ORE STHES BRIy oF ole not
preggptovertiel cinget e dgeqigstaen |3\$en®1b\ﬁ€iil‘d@ﬁs$‘l”3ﬁcfliﬂ@ﬁn Active power
is drepbholdagy tqgenerabiaitahoe twabnd! egytgenerate onequehts of

opefﬁgggaaﬁldngo Rﬂ\é’eéqqugsdft )éhé rbowép éuBFDy Q;roh{’@g?e t B@e r‘@:%egechnology

nor e ensi ve €x cool1n
SR o R L T
genetl@ﬁp@? affhe ewer Theredts seprdsented dyathiceepasr tanaretiepase is
of fatdbStHHeCEdHI@nY et ché GHoRas eSippPE botdmncedda.whi | e at
the sane tine decreases power consunption. The 35
- a]Enventlon escri hed eowsatlsflesthF‘ rowgln
© a "SBT Ut ToR" (Bt He " prisyrEnt of " OpthT ﬁ“flg a%% ?nedfF e
cadiggero SuppYarash incheads éniagivamewphvasnei Bn fppo\iegerology
geneaﬁt'ﬁm agr ad¢ @@ oTodiC Yetersit L oiCt UTRL ASnEtaishiigl doftef |c@inEityl in

tur@@i\‘;gg Lgs %&gi fig- H@E&%Qp&isi@leaﬁa[&{gging, complex cooling

solutions and decreased relliability due to increased temperatures.

Therefore, there is a need for a method and structure that increases
performance, while at the same time decreases power consumption. The
invention described below satisfies these by providing a solution to the

problem of optimum placement of power supply switch circuits.

The invention provides an integrated circuit structure as claimed in claim

1 and corresponding method of claim 6.
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40 WD 2004/ 070773 PCT/ GB2004/ 000434 2 The invention

W Il be better understood fromthe foll ow ng detail ed
waele®enird on of preferred enbodi nents of the | PUEGBR@®A/000434

with reference to the drawings, in which: 5 Fig. 1is

an integrated circuit which |?ncl udes an nunber of

isolated blocks; Fig. 2 is a power switch circuit

incorporated into the integrated circuit wring; 10

Ththgver;’zlgmml DS BLERS eﬁd&eey&f f&&atthdeﬂilqbﬁlﬁgheetalled
deﬁgrl fo%ngi] 9e§5¥fmg embog%ﬁ%] éjE F 1nvgn{§% 'Q1HH grﬁ erence to

rvarious w ines;
the Reawingfs|igt & fof rom dri ve d| st ance to effect ive area;

15 Fig. 5 shows a Voltage Island with Uniform Random
righ0¥i G BhaGREBAteaF 8% ui 6 +Aidh ArshoNs bhensbEH UL Eolated
blowﬁl ch can include a nunber of logic core areas within

the' voltage island; and 20 Fig. 8 is a flowhart

showi ng how t he i nventi on matches the size of the
FigpoWwelrs swdveheswvittohtdiecwl dtihcofpcgpeedint@rt@epoweprated circuit
wirddges. The power chal | enges posed by advanced

technol ogi es force system designers 25 to nmake

. choi ces concerning devices, structures and voltage
Fig. ey eth®vF Gt SEREeS Pgnﬂrvﬁﬁ§h?ﬁe‘§epéFES dES;i ﬁﬁaﬁgonﬁlﬁp between
volpreyidous genewaiuond;ivk atigeafiemn ot orzalioudhwddils mpese lines;

not int egrat ed on the sane chip, so these choices
Fiq oyl o o CAPAE B SUBbOFED o e tom b A

(SoQ) enabl i ng technol ogy drive si ngI e chip 30
Fig.nmpleopatatodnsie Wiemd titadUti mral Rayipn dact e sPlizoepower

di stribution and performance optim zation fail to
Fi g‘%r Oéll dg '%h% I ec)ﬁl bé’r!ru ¥1L11:(‘:)e]c ¥LO| tage amiudt eChLE]nQo Q9¥¢ logic core

optim zation. he"previ ousfy&sm egratea sol ut1 on.
areﬁlé\/\‘ﬁélrtht”éctm?o}’%]dﬁaé‘g Hilorde 2@4ch seni conductor chip into

i ndi vi dual 35 functional blocks (voltage islands) as
rig€XPl i peth Jubn£aPendiing hbwcnPalbhtiAPRAdGaki @R MUDRE the

10/ 065 EJgOl an 197/5)%5 gOZ These vol tage | |sI ands of '

owef S re ower
P ﬁe‘%b can nave pomer C CterIStICS unlque

fromthe rest of the design and W|th the invention,
TheC aowdre chyptlienpge poast bydidiginyed technologies force system designers

to make choices concerning devices, structures and voltage levels for the
functions they are designing. In previous generations, large functional
blocks were not integrated on the same chip, so these choices could be
made independently for each block. High levels of integration supported
by system-on-a-chip (SoC) enabling technology drive single chip
implementations, where traditional approaches to power distribution and -
performance optimization fail to provide the flexibility of voltage and

technology optimization of the previously disintegrated solution.

Newer technologies divide each semiconductor chip into individual
functional blocks (voltage islands) as explained in copending U.S. Patent
Application Number 10/065,201 and 10/065,202. These voltage islands of
the SoC design can have power characteristics unique from the rest of the

design and, with the invention, can be optimized accordingly.

An SoC architecture based on Voltage Islands uses additional design
components such as power switches to distribute and manage power. ASIC

designs are making increasing use of power supply switching techniques to
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40 An SoC architecture based on Voltage |slands uses
addi tional design conponents such as power sw tches

W oodiost7rd but e and manage power. ASIC  desi gnsPEI/€B2004/000434
maki ng increasing use of power supply switching
techni ques to WD 2004/ 070773 PCT/ GB2004/ 000434 3
control chip power consunption. Thus, power can be
conserved by switching off certain voltage islands

cont\é\gil_enLﬁh]tlBrg waelz‘:te%olns oiﬁ.loglmsl‘gfugv weg ncanlr g% Iecqr;gﬁ?lafoefd by SWltChll’lg )

of £ pemﬁrlnsu@ﬁlayeswlﬁ’é?‘ﬁ wReR (F&Fi’sareSl%%)e Eheci Yecnath?n v Povides =

soluEiguire ihs powsleanot noegmat etlacinentidt WAt ROV SPﬂ%]lYuagltCh

circ@dipunber of isol ated bl ocks, one of which is |abel ed
"Voltage I sl and” 10. The power supply of the

circuitry within the boundary of the box
Mors gp¢afedRFvontiEerefRPHISGH biTeRB" %dhcljorculg ‘g:%lnth BT agotuee

a nudpet et ﬁ)@d@lteévbltochs,l(@ngm'fcwh:tcmis Fheledddoptage Island” 10.
The %%\%&:F 'sl%bﬂﬁaoft hies cpaddiedlathexanpl @uleser olbeshe bbre 10 is
:Lsolf)z'eg % % ﬁmalnlagrf oE@lea cﬁ?ﬁggaln% Q&I‘L:'rgbfé@loylt_/}@ g8kdr switch

t t
cireafit Fel | EOJWGPH? rPft H%SqréP*'aﬂrﬂﬂl W%&n e pL!L egé&lbes
the Gelind Poweonnetid fgomiar eirde ampbewﬂaf Ié@\n Cteé% Yel| phropgh the
powglaéwlﬂcrl@ ted Uk reRt - ORRAEIdoy a1Thues 1s twd thin |t§nee:b(s[i|aoqit

t he advant
HOWSySFy ¢ St89 ﬁ%g?o etl} }po‘é%\[/\%er%ggl\?\% ¥71§¥V| :LtBChérﬁgpodvér is§itch cell

11 o i RsPEREE: TRESFGP 0T a7 B 3 b &8 [ c806lkages of
powdrOkuptiet ewiidhing, tihelisbantexd yodﬁsep@\;\}e‘:rlpéw ROWRT C%{ql[tgh circuits

in éa%gubél%ggp%ﬁiaﬁg{zrghgpﬁﬁqm déedrivas iedestolitrageor
I r
det%'ﬁHP'Bbﬁlq %%i qun antit §7e§ &Jl%gf?vﬁélﬁs %Eré&’“a}l@ h:helr

&5t Borat’ed i nto i ntegrated circuit
plaggmephgfor MaxifidsvehtanplielobheRigHest |evel of netal

shown (M) provides unswitched current to the power
Flg&f@ Hehy, &ist Q%&erﬂ%ﬁt@l@%&c&i’ﬂ he hlnc];ipﬁﬂMﬁBJiIJe&oSW’deGhaetdad

current, tothe voltaelsl d h def |
Clrﬁ'ﬁ‘tt Wl‘TJé’sgers h\i%ﬂﬁeltst g?(%ginplgfe r&é‘tgg shown {(Mx)

ro‘g;ﬁqsemsmgﬁgla%ir tcyrneﬁnttﬁ% t?S Wrs%c cHESRT t'r E]I?e power switch
11 kigHited doytuhace cwighh or thhefoértﬁwnﬁlmdovwmli’@ Wrﬁé*rlymg
metéi""ﬂa%wg N&Uf‘%tnti%é ol fn, eint bedxa6a5€, TRAGurpawe casadittghof the

powiané 837\}5? a?gtlg] 1osﬁ A E‘ir]?e?}“ntlﬁgmﬁl:ﬁyor Aot Lon 9%0@&!&@ the

remal nd
swit¢enguf Pt ok apadBi SFReY PRe- (ﬁaFHo%"dJﬁélesr"ﬁ‘%?%ICﬁﬁ h"’!sf limited |

curdEity eapdnys tiyhea poweronswf twbhcleld availalle wal ¥htl, aé‘a d‘é’ie
remgﬂgc{egngnlbéi avaifdraple «30-HR eachietal thewvelbhodohal metal lines

dr:l.?' er | %%d%vsv!a ns%?% hc%reifqts Q(?.[eﬁfg% tsgigﬁuariot:urf@ﬁge@ available
on (eq@'} an‘g@l d—@@ﬁl If properly designed, curren %ens:&e/ does not
exceed the capacity of the metal wire and voltage drop (voltage drop
increases with distance driven) is the limiting factor to how far from the

power switch cell a circuit can be driven.

Figure 3 shows a series of curves depicting the relationship between
voltage drop and maximum drive distance for a given load of various width
metal lines on a single periodicity (illustrated as Wa, Wb and Wc). Wwa is
the narrowest line and Wc is the widest line in Figure 3. The curves
represent a particular power pattern and load, but generally voltage drop
increases with distance driven. The invention matches the size of the
power switch to provide just the current supported by the power bus width

available. Thus, by knowing the wiring length, width and load, the
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increases with distance driven) is the limting factor
to how far fromthe power switch cell a circuit can
wheoodoioren. 35 Figure 3 shows a series of cur vBGI/GB2004/000434

depicting the rel ationship between voltage drop and

maxi mum dri ve di stance for agiven | oad of various

width netal lines on a single periodicity

(iIIustrated as V\a W and W). Wa is the narrowest
currreét raé’ggﬁ?ltaglest at ledge ORNE‘eSQ K| fﬂeg%xﬁeﬁbu;ré‘@ cQHrBéeS

aparticu ttern and zrf\ elsland is
caloglén'-eeredm | thmzegvé a%@owem sw%%a%%@%% V8T 51%h
selditbyetn ndheh ichvertiromtnadivedtddre s¥atrehifo tthe Poﬁ)’ﬁﬁe‘%‘“’ltCh

cirMA T &Q oL Q18 @ME dRuwks %sgfﬁitﬁuéésﬁt&taz) Sﬂ]ﬁtlﬁ OtHee dl]imlyqtnutnherea
avai l a nowi ng t he
overge Wgn’g‘; ESYP el%‘ & WEGFR™ &1 % et 2004/ 070773
PCT/ GBZOO4/ 000434 4 current and voI tage that will be
The HEESEIENtOP]l dde@epower tizuseserc ani iz cellscul diieda vPRgage island
is éépégd&ft Bgech%oté@:rcu§¥\h; Gheid hhe itshenyvolrhage fest iardsumport
areats %lée%g%grle%o E]F] celip is %ur rt%_?t C%Qﬁa o gL deg@%{: RieNghe power

lC rCléI dj t OV\BF l‘f’te effective
busvm*¢dﬂhl‘@§sur%§ FHELAE (R PR A2t o BT R T8

sup&&\toaﬁéh bd PMREr switdhicay kel poproxgmatRideaefaf pet@m of radius
equap_t %ge%qhaQImtﬁnhgrﬁ@V\@fstﬁﬂ&é CE;'RO\GI@' IIlstL‘Irb| »n. a vohiragé shows

I sl ndent o} he ne ha
the |a8ﬁ tl-?ﬁe re fec’t i ve ({S]r& dl%lcgtr?é’g R:Eyeflye&bi\;é Bpga o) half

ort area of
che cHnnFiont PG FySE AEpFR SFEAHES GREPGH: 6F °F HE %he S gtrive
devhis dii teickv esthe Foslat bguhar or Ghogondtrqedaet related to the
nmnlgjérs%lfllpé'!:tdlloﬂevetlg%v%ﬁi&g@ Y@r pSHEP Qi kraineai@f aadpower

geoté%%g?: h{%t %nsﬁ%g pr %I nal vent gu% ?s Catptp%.%b@te E@Qh&' Sgesign style

i mum drivée di stance shown jin #’%rdetga
in Wiiglr shel P3Resrent t He 2t PAIFE| SHHT6R Fr6HT nedRP i ar TV
serdi&haneerka. effective area. One half the dinmension of

a side of the effective support area is the effective
Flg‘élgep%ﬁ\éllé%’% di Oa{t n%ee Is ?rhd Wll:l’ia nQEg' Qallléomd§§d;1g:n]?lacement and

net al eve ) a
powax/aqomamzéup@r BT atl%te\m%%&nieaﬁ %Fﬁ&rtlﬂas th egé?tiﬁ%n &

volt&fatiiremsihibp. wilheodcuvent itha vaweapgpisiegablfeon o-rafy the

embggﬁtllegt@ sc‘él\élc@s ’dh@ MI@BIJI&Q% @iz@f@m s@ftch. pawet, stket ch-
cLrcult _can ser

a a
B G & GBI VoI EAgE) Brata ol T %ﬁeo?%@cﬁgﬁ%ofﬁr ohe
powkp Gius M%Jemelawbuﬁmﬁelasﬁwanﬁ%n TR SP0° then
diveakodheendl tdet arsmhme sréd éyc e @nt\reza@@itqkmspatg@eglp@ area to
detEE;‘ n V"‘:ké R o@npc;mgg HBWeh @SQ%eeﬁé@m rhé SsmoblBnent evenly

dleré ﬂuteﬁhg}e Spgt!veerCts%lgctr]le lpcl%ggg ralcgggs 'héevdfi%’&é 1%%1&9 tr}taklng

sure the drive distance does not exceed x or y in Figure 5 (x and y are

the maximum power switch serviceable area for the given power bus width

and distribution).

In other words, as shown in Figure 8, the embodiment matches the size of
the power switches to the width of one or more power buses supplying power
to the voltage island 800. The matching process 800 matches the gize of
the power switches to the current and voltage that will be provided by the
power buses. The embodiment then determines the size of the serviceable
area to which each of the power switches can provide power 802. The
serviceable area is dependent upon power bus current, voltage drop, and
distribution. Next, the embodiment places the power switches within the

voltage island according to the size of the gserviceable area of each of
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25 enbodi nent determ nes the maxi num power sw tch
drive distance for the power bus w dth and

waele@snidim i on as shown above. The enbodi ment tPENGB2004/000434
di vides the voltage island area by the power sw tch
serviceable area to determme the nunber of power
swtch cells needed. The enbodi nent evenly
di stri butes the power svvitch circuits across the

the \égli”telg%géé‘gh X g(%é{m kﬁ% 8 g’llfrg %1'}6 gk(é \éﬁbgdl%teﬁl@(?ﬁvg@@ss the

X _and d%/r arte a culate the
voltupgRi FRLTPRP VRSP %wtberﬁlgér% ST r e & For e fie
numfg@wef dousr wdtthesaneeddidst ri bution). I n ot her vvor ds as
shovvn in Figure 8, the enbodi nent matches the size of

5 the .power sw tch N AW L fa %, cuch a
Howepv&%r gnés psoxder SW.’.L %9 &Qn% W dst QOQ 197Q§s %sm}ﬁ h as

ower

he e |

the ggge Jhe h%’%g@hf’?iijﬂ }5% s 81(56‘3‘%1 cﬁ‘é“% ?( SI' zgl%ufre ?aove @
volpwetsisniit chtesneo thifccur plevenentd hevitdagel A&t K PO 6@"1“9
dlm&[sqghgqﬂbp)@ t hﬁlrsﬂov‘@f{e Q%&ﬁmeﬁ@%gﬁﬂﬁ)@ﬂtﬁﬁﬁhebh@ﬂ voltage

rgnes, siZ f S I n r maximum
dro% 6? %‘Qf tSHltC <21 8ol ﬁgzgt LY &%@Qin’rae tatﬁéfé honhigd

OWEr SW tches ‘can I QVI The
powel) sgre’f,c\ﬂ éiéa\m élsaqfaélgel ? élep%%‘?é{’éﬁ? kﬁﬁo?,ffeﬁg %ﬁe voltage island
pow€tiuendistyohttage frophe and-cagiesparitber itdnot Nlél?t iskopgd 802. The

are&@%oghgﬂ_%&l@k%?@@s t be JFEO\é@Etr%WtédZerSmV\zihTeh&aﬁtlhfbevoltage 1sland N

vol tage I.s accordln e 5 0l
ared 1, FEEafes a(r%ea Ccéfelch o‘_f? e\L7§0 2004 07077%@C chen evz 1yd -
dlspgnu@cr@l&/waswﬂshtcr?élﬁo%@%vﬁh@cﬂ%“s °gf% AP gapeled U in
rigSpECcisbi cabhbyin,t hiee enbotiimeentcadiviates tive seyoiceales area and
thelmgg il @w@y stvb@:h%ls ze0ba senvt ceabb ectar eagitcOcore 60 area (by

div%_&w\/u!é]?t elﬁ)%lh?e corr“e'I areg boJ tR%aﬁ)&ze?%&%%%e@@?@@le 5area) 806.

orm power acement 1s n% V\%¥S qumber
Thepegriphent §hrrh aélsocattﬁ% @8%“(5’!“5& P56 e i man
of b&ke&ﬂdwr&ﬁr ciabtﬁﬁlpds eveklguptor® shewsdas afoFragere sitands shown

in \M: m 889” I\%né fs% E’lﬂ'eégﬁﬁe%e %%EP%V@t!:I@QﬁQC@JQrSGf@ the core
hav dlﬂEﬂS i ons . First, the enbodl t ain
redlet e vRES L ey BT BB GPBTFTAN ThE st ERF S e 8007

ninNexdes the cerbodiensntedet@rnpoes b chaxitrut sl epgiggpate power

supBN( teh, o1 la\é@aéj|o§t@n§§o&fc @ors&jovi ceabl e area) for the
tage i1sland power bus distribution for the

non-core portion 61 of the island, 802, Tr%% distance
If the shegher coFe(@STeBoRsP SHFEPT CEILT FB SCATE, ?rl"e
or ¥6| f1ageistshaadetasen the wake vatehehés noreater ¢hgy twice the

eff@[:w?ﬁre gp?veeﬁp%ng@n@xt Be Y edddy £ dbrSlhir bdrdreswithe @awerare
addf% Ti_-_ci éhe 6£5xt§62 ad 1t3.ona? ower% aireeaa&i qgg!l.@ d Qn' eﬁcample of

Frent - cal at es thC
sucBervireablRs AFEADENTS B RENDEF BIoMs6ubr L0F RBL o0 dxive
distepeedneedaakl ey tbe tdrepbogioo cbrddbd.carkpoiby switch cells Ca
adcﬂldw di ng.tdhe Loghe %ﬁ@l@{aqac&ﬁst he PaWera1suy title periphery of
thes?_gl}llgljeq:eglclle o%rt%aé) 1og:Lc core, as explained above. This technigue can
be further supplemented by increasing the power bus width within the core
area thereby increasing the size of the power switches and the power

switch serviceable area.

The embodiment produces structures shown in Figures 5-7 that include at
least one voltage island 10 and a pattern of power switches 11 within the
voltage island. The pattern 11 balances the power switches according to
the size of the serviceable area to which each of the power switches can
provide power. Power buses MX-1, MX-2 are connected to the power switches

11. As explained above, the size of the power switches 11 are matched to
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The enbodi nent then allocates (positions, distributes,

etc.) this nunber of power switch circuits evenly
w@bkong7a7ne si des of the core 60, as shown 20 iPCT/GBR004/000434

808. More specifically, the power switch circuits for

the core area C are positi orfed al ong the | onger sides

of the core 60. This mnimzes the distance between

t he power switches to ensure adequate power supply to

theak:{lrﬁn%aéﬁ_d)fvoiﬁh%el OHCw Ol 8eb68-0v28ed ﬁoyt he pbdd @us&DMR. The
s1ze QP rl:%t ol rplgx%%.eds ta\Mcg ewl’ltllg:ﬁ eacLng t\f{g do(n'e}_l esmg.ltéﬁgsn %gn
(y ? ance ]‘bet E%

prog'ﬁé%tﬁ@wef HigndeRgneent fgon etftheE%%ev @f otrfiev%mtﬁrsﬁw&ef Bpd the
povelr 2y widddi t Tlomal lpowerpswi-t efitckéd aae @ ladoedsericeable

ardaNendx tsﬁQilengév\teirogﬁthcQvae I ABUSRSH AR vaY ainkabl®er A power
swicggg)l e7o<£ruﬁ,]isucrt]:hgxg I a QPV\%e vg%t 8hesst1and Vlgerﬁogg ﬂh% size of

e su 8d°drive i'stance increa
Serwc?%epiﬂbﬁiortl on of additional power switch cells Ca
added. Pl acenment of the additional cells is again
As %Qﬁg 15hﬁ19@1%g Ith%Ea{ Of tnd hehonger csi decnfaet heBgl &f logic

b Thi h
corfeLI ¥% aﬁ:)l('lp}l% %29118\/?6 l!SSSh'.:O%% {%qcu;farg%?) XAPL%].’llIl d:hﬁ

supp creasi bus wi
vo]«iaaﬂﬁ.wlﬁﬁ% cér%lb aFeR Pﬁe?@b?Wﬁ*FcF‘@é?Pﬁ@ {heakiiFergiitioned
aldnbetligowerirgwky cifedogind cohe apeaver 3% Swbiclroseraregeadsnerally
conhr-€8e r-ghgar@?[@@q{awm P GG Sa St bECL 8 SarsN@Whder pair of
s:u.<§I gur Sapscé)wa gshzcggglal%\?\g?oastltl%n%es goil% ’}:Ilrtxoelhtlgxg%e%xj ékc@!&d of the
Logjg| ?%fgfear%a}Saﬁa mth]élzﬁaF’fl%rdr‘rsi"’lmﬁaP%ﬁW@ég THEBneps explained
abael. t ches according to 40 the size of the serviceable

area to which each of the povver switches can provide

'I‘l'n.tosowaesr sh Ié’ovve oxpeu S%% odlm Nt (ilea(:r %mcr(l)ensnglg q%a}ﬁ%tg~'8¥ power
POWET "SW ai ne ove,

vt %«k@rrwﬁ%é\gd oS at EHBEL 6 V¥ 0647070773 Placement
to RER1MGEBR2004d Q0034 of Goovke sitrienteland Poiteaget tdrmtirimdnl by

pouk® PEOVLAed QﬂdtrJ}@cﬁQ\’@BwQuégﬁs&%ticﬂle size of the

servi ceable area to which each the power sw tches
~can provide power is dependent ugon the size of the
Fumsgger O ReiessSERdR tdre 1S piePe BHS tHIRIER vRRHERY §P gt
difFewett swed<hesvingyeéiftaratigepwsemeeddabliehin argarehhegitage
is13Ral écﬁ{ldpl%/\@rrea%@dt §a§a§at€ﬁ/ Shl@%e@%@ttié& oAWHRr &fitch

Sw tches. i.s e ar ea the valt.a
1d £
cellcls?l B P iR 3e8 dbmt‘_ﬁeassl %Ee%& J;ers F)V\V/er % re]C Yar e QthlSAsOu create

an dReEYeP |dﬁSFLT1§>HFI=_‘§l 6t amnfey, S"tlﬁéhs‘terlﬂjétacﬂrés%efﬁel Ytage igland.
In nhebercioftd ofi coretd wWerenareas flaht howgbemshiye gride¢ 6OLy. In

thé %VéM%pI%r@l %relvtmygl Wt bidd the peviddaage dvshanGhisfribute
power svgl ylpceo.l. s 1n lg g\ﬁLzeéV\J@etg(::Lgr?ss o(f the )vo.ll.tagPeOSIfan%ngo result in
an uneven distribution across the voltage island. Therefore, this allows
each area of the voltage island to be treated according to its specific
needs, thereby only utilizing power switch cells where needed. This
minimizes the number of power switch cells that are used in the design and

also reduces power consumption.
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al ong the periphery of logic core areas. The |ogic
core areas generally conprise rectangles having a

wo oovgero7pai r of sides and a shorter pair of sSPCUEEB200AO00434
power swi tches are p03|t|oned along the |onger sides
of the 15 logic core areas td mninize the distance
bet ween swi tches, as explained above. Thus, as shown
above, the enbodi ment determ nes the quantity of power
switch cells required and pravigles a techni que for
anal ysis and placenent 20 to minimze the nunber of
power switch cells. Placenent is driven by power bus

1. deshyrinaearaghd ciircuidoweruons LippPr &R 9Furt her, the
power switch cells can be distributed unevenly so that
difienent. %sa\%l@ggé/ i3 f kggent power needs) within
a given vol tage i sland coul d be treated
separately. Hi gher densities of power switch cells
cout cPaseepsl aferPvich wisgsevMiRghepriPoreratfenstand, Mirein said
WO Ub &k tef£ aiz@ afidesU BeME Dodkess tsivi bitels O @irdpaner swi Bthe of the

cel éér\aeggﬁ% the Yglxhﬁgﬁ éa%ha@ﬁ said rbotwla@ gwlwmst )SaleprOVJ_de

cor e S ongq pos nnect %e%o 53 ¥l ower

t hep?i’(fér a Eelf:tcﬁf“%rm%% PPT ¢8R De “UsEd"t D

evesirirclpst mhptaia goe ﬁemrofswﬂtdcﬁow Yl dhep ot P?%‘Hled to the

I egt@isndfaridheomabt agati willande toaotr &3l by | saidappudneheres .

distribution across the voltage island. Therefore, A

his allows each area_of the,v ta e is e

tr eated " HETYr 8 Wy ° ?%mi ts ‘GFEETY %&%‘ needs% aC?‘ﬁesreert‘)’lCea ly area
to whilth Aenl Powetd sarecivéeiies Qe PECTidedRer e ThY §ependent upon
said Bizd zeSsdidepsusrberitehepower switch cells that are

used in the design and 35 also reduces power

consunption. W) 2004/ 070773 PCT/.GB2Q04/ 000434

3. CLAFRS SHTUCERRS | Ty 8B éirsae%ﬁgc et FAEEU? %he nuHF?bleg i HgPower
swigches |isastuadneo vkt aipe PS|tHEmsdvolande alsgand érlﬁl%efd ﬁﬁm@rld size
of SWi-tchesimdrbin said voltage island, wherein said

pattern bal ances said power smﬁtches according to the

size of the serviceable rea ch each of, said

4. powdtS STFETHEE TaR™hrGF %‘W}er P rgporisifs Logic core
aré@@n’mtl@pn@al@omta’gasje@aé@nﬁ@éf%‘dl Pogl’soalpdo‘-b(?@oé‘? power switches
is Yokt ehmed aheseine baeipseze oaf 1edicdcponereswi t ches are

mat ched to the current and voltage that wll be

prOV|ded by said 2. e structure i_n

B oFi FURRT R PTG SRR L S S CFETiee
reqt@nmkﬁsc haeimsha ofongar Pepovel sidpe ehess chATRToRRHe ofotistes, and
whéﬁéiﬂEﬁ&iﬂdgﬁﬂhpU§mﬂpower switches is positioned along the longer sides

of said logic core areas.

6. A method of positioning power switches in a voltage island of an

integrated circuit structure, said method comprising:

matching the size of said power switches to the width of one or more

power buses supplying power to said voltage island; and

placing said power switches within said voltage island according to

the size of the serviceable area of each of said power switches.

7. The method of claim 6, wherein said matching step matches said size
of said power switches to the current and voltage that will be provided by

sald power buses.



said size of said power switches. 3. The structure in

any preceding claim wherein the nunber of power
waeMooneEs3 i s equal to the area of the voltage PGI/aB004/000434

di vided by said size 20 of serviceable area. 4. The

structure in any preceding cl&im further conpri si ng

| ogic core areas within said voltage island, wherein

a group of said power switches is positioned al ong
g. t hemperkphar yn Qﬁaln@(}j GrCPl §harL&aSsaizb p5ac1_El@epJde'el§§t:|Ui‘ceudes
alloca%].naI m A'J:’ou\l\lho%r %!3:{]6[ %%ngr ls%gl:ghe%o%fon%r eRs p%gm{ér €of logic

gl €€ havi des and a shorter

COngaRF RS Wét?kﬂé‘ssaléanﬁo Rﬁﬁ@rﬁjﬁmgal d group of power

switches is positioned along the |onger sides of said
9. | 00t GOFRHAELA8ain0,67 & rgetme@ﬁ $08i tdaBi Ag-epaveis
comz)vfrmlgé:r}eegtén%lés g'x%lv!LQ%ed Il pé.)lr %@ s:.dlggeg{dage%oc}:ltgl‘_:lﬂatlr of

ture, “sai r|S|ngt natc:% % size
sidse. sHddViRRER St %Hé’§af"b“9’t RE SAdt FrooP On&CBPT Myr&hes
posioners lsas@Irsup pifybenprpewarches adahd thel tengeri sidendet Sald
1lokRdcpleact&g . sai d power switches within said voltage
i sland according to the size of the serviceable area
of each of said power switches. 40 7. The met hod of
claim®6, wherein said matching step matches said size
of said power switches to the current and vol tage that
will be provided by said power buses. WO 2004/ 070773
PCT/ GB2004/ 000434 8 8. The nethod in claim6 or 7,
wherei n said placing process includes allocating a
group of said power switches along the periphery of
logic core areas within said voltage island. 5 9. The
method in claim6, 7 or 8 wherein said |logic core
areas conprise rectangles having a | onger pair of
sides and a shorter pair of sides, and wherein said
al l ocating of said group of power switches positions
said group of power sw tches along the |onger sides of
said logic core areas.



