 #$YRe3e8E>>?7<BN ECIFICATION Title of the Invention STANDARD
CELL, STANDARD g%mmmmu@;\ND SYSTEM AND METHOD FOR PLACI NG AND ROUTI NG
STANDARD CELLS Backgr oun the invention The present invention relates to
a standard cell fornmE%¥n a semi conductor substrate, a standard cell array

formed on a sem conductor substrate, and a system and a net hddJere 2¢03%ci ng
and routing standard cells. As a |layout design technology for realizing a

LSl (Il arge scaligut ci rcui em uctor substrate with a
hi gh integrati dmllmmmmmm@ﬁr a shoéi’@lﬁ&é%%f& , a standard cell type
LSl design techno Q% I'S dely utilized, in which small unitary circuits
such as an inverter “df an NAND gate are previously prepared as standard

cells, and thgse s dard cells are placed in the formof an array and
i nt er connect eﬁ’f%okgﬂﬁjﬁﬁe@@n Referring to Fig. 18A, a |ayout diagramof a

00 o o AN S AR LD ERAY O, 2,
cell's 105 havi o Ly orT MAITTHENS FORPEAVRINROBEIREF |0 (he

adj acent cell arrays. In the routigpaSPARID GBOLS. there are located an
inter-cell connection 1802 for interconnecting between cells included in

the sane cell array, and an . 24 June 2003 inter-array connection 1803
for interconnecting between cells which are included in different cel

arrays, respeBackgtoundref éi¢ im@dtor-i g. 18B, there is shown a pattern
di agram of the inside of one typical prior art standard cell. The shown

standard cell is aThanptésemtciiventiin rebatengtaara istaredardr célinformad on &i g.
18B, the reference nunber 11 | designates an N-wel|, and the reference
nunber 112 i ns¢migauluctor sybsirates A pdandlardycell array fosmedarce seombendugter

shows an N-type diffused | ayer, and_ the reference nunber 114 denotes a
pol ysi i con. FWestiaeeBdca Syskerarand B H&h@ﬁ Placum apdi rasing sandsed ¢ he

P-type or I\nyge]édiffused | ayer and a first level netal. The reference
nunber 116 i ntftdtes a contact hol e between the polysilicon and the first

St SB3°RCHERE AN TGRS e T
e e R SRS R QL TR g b
transi stor hadefi§itg fruacshandperiddeof {iffeed @hndhad Rell Rgpei L8 s@skipayer

112 is formed. In a P-type substrate region at the outside  of the N-well,
an N-channel tahrolagsiistwiddiguitilized, Sauwhéctasmall dnitary ticaid svicht &2an

N-type diffused layer 113 is fornmed. In the prior art standard cell, all
t he cel | s haviénvertersamkandNANDtgate are previously prepared as standard cells, and
those standard cells are placed in the form of an array and interconnected
to form an LSI
Referring to Fig. 18A, a layout diagram of a standard cell type LSI
is illustrated. A plurality of cell arrays are placed, each of the cell arrays
being formed of a plurality of function cells 106 having the same width
(height in the drawing) and placed in the form of an array. A routing
channel 1801 is reserved between each pair of adjacent cell arrays. In the

routing channél 1801, there are located an inter-cell connection 1802 for

interconnecting between cells included in the same cell array, and an



width (height in Fig. 18B), and the VDD power supply line 120 and the VSS
power supply line 121 having the sane fixed width are | ocated at an upper

end portion and at a | ower end portion of the cell, respectively, as shown
{n Fig. 18B. An area between the pair of power supply lines in the cell is
used to formthe transistors included i2the cell and to | oc&fdune2003

i nterconnections between termnals (contacts) within the cell (called an

24" June zé“gé‘iﬁ%é-n%{ I@nﬁﬁﬁﬁ@y L@Z%‘f&ﬂ?ﬁn&eﬁ’éoa“ﬂ%éﬁig?ﬁh@f%ﬁeﬁﬂﬁﬁéﬁcﬁ 4 :
a.sW.:VI?Iri p]E I 36}% I cholrI]]eg sergﬁkﬁﬁg%rgﬁsgirfggaﬁr;bg‘?lsﬁe&'ge:;daa g(r)]?r:): ?gafgd i ziﬁel I
art standard cel | RYTSTINE @ FiBS NPT Rt RERR SO Rt OTuR D

and a 2-i nputin b P8hEe tgﬁicfaﬂ g??&lfr &t Stdfitlapd 1S €The Whiowit stadidab@¢éell isher e

ari se many enpty areas f rst level netal, the enpty areas could not

be utilized ffanciiba dolt 2066 ¢Havis@andaveaer fhictastdi 1h Fiy. 18B, pRevefesemdd ¥

| i nes extending through all the Standard cells have thé constant w dth) and
it is not somaApet ¢1¢ dRRGNLOS aniNibeldf and eho pyfererfoenmhmbet 148 indicates
accordance with the magnitude of a required power supply current. Under

thi s situati anP-fppankffastdt kayer Apphecrfersncer rumber hb3 ishowilani Datyps No.
JP- A-06- 16901 6 discl oses a standard cell having an enpty area which is
provi ded bet whiffuseddayer, ang phe refenencendumbeir it ldedenofesi sgobyrsshicamd T ch
can be utilized for the jnter-cell connection. Referring to Fig. 19A, there
is shown a mrﬁgwgnaﬁéwm 8l 3 dssignales, Adiacichole; BEtWeRn Bs -V DE OF Nhi <

socond prior Sk ofRuSIP I SR SRR R, PR RO ©
124 i ided b | j f fii . I I d

17l GBS BT 8, el S B, 20

01 L e 1 erpfel ERANEChL AR PP T Ple FERET-FSHRLAY RALLAS

Publ i cat i on Naum#Rr A703d8R8RA1a /DF BBYeraAYdMe fofthbd RAURIAdevEFe

formati on area extending into an out e power supply line.

Referring to fieeal. 19Be idferendesnahtbsp B2 Wdesiphatéea YSSgpamerfsupply dirar d
24 June 2003 4 cell in accordance with this third Erior art. An in-cell

wiring area Ifefnmied of ahiedfidstblvedenetdie IDiheiNeweHol hhdatPehdgsel MOSL2] |
simlarly to the first prior art exanple shown in Fig. 1$B. However, a
devi ce for natiransigtaszhaving deppwncedns a sraimformedhef sbe Enope diffused layesi de

of each power ly line.. Since this, outside. area can be uti]| as..a
Wi ring alroea, 1%%&%@58 ameér}’c&’i’%léumtgmﬁlz@&qubﬁt the OIUFﬁl@Ig _({,fetk]éelg—well,
connection. In dition if the position of the,power. s ly, lines is
et veq o ¥ enanfaL MR wansister RE¥n £iteltes AR dFdintiobielof B¢ &
cell width d 1N t i Qf device fornation area.
Furt h\tlamr nor e, e@i@ﬁe(ggf@gge%?e;gé?ilggpbgﬁdPr \él exam nat i Ion Publ i cation No.
JP- A-05- 055381 pr oppggs Pﬁcﬁtm%@&@ éelt‘,a%ﬂ e NRIROHEYe %H@I%hﬁlé tOfistant

) ere 1s sho a

pattern. Referring to Frg. 19C t wn a wring area diagramo
standard cel | widthadesigHe i Figi 11BBt),huﬁdftﬁervmmgj_dwe:aﬁﬁpplwmétlaodﬂdi the! |
includes only an in-cell wiring area 122 including transistors formed in
the cell and ¥S8 powgrpapbly tinkol2 k bavegt thegsdme Wxed widtii avel lochted dwcacel | .
After a required nunber of standard cells are placed in the formof an
array, a poweuppepend portienpand et a lowerherthpostion nd thedielhl, despectivedyl, am t he
basis of the length of the cell array and a power consunption, is generated
to connect toshewn intlEgdd8B.cAn sreaatwerorthe paeod powier supply lines en ¢he
have an optinmum./|jine w dth, However, the standard cell of the second prior
art are diffieeMtist useshitpnforan tthe Uansisters ingdudeshdn thepeell andido locdtere
restricted to. have a constant cell w dth he staEda.r 'Cellll 0 I&Ethird
prior art is HIEFGQNNECctions betwaen. tarpunals (epnsacts) vithine the ¢g I{¢ ledean The

Standar d cel | gl LS A aHEH B0 sl B E0A (5h ThEolds iR A RSy



since the device formation area is not used for the inter-cell connection,
the wiring density is low Accordingly, a need exists to provide a standard
cell, a standard cell array, and a systemand a nethod for placing and
routing standard cells, which overcones or at |east aneliorates probl ens
associated with existing arrangements. Agother need exists t84JHo%Pa@ a
standard cell, a standard cell array, and a system and a nethod for placing

and routing standard cells, capable of formng an inter-cell_ copnection in
an area bet wedingep rtosbwss%& Ii%ﬁetharmt%monﬁe@@on batwegy cellsa eyelo

TR OB A R T b S B R B e 1o
e 2Pl AR RERs YRR AR BT SR IR
and ot east ONGob! HBRELRLY BUEKSH8Hng Mok PRI beB BRI e

transistor, a,g6FqRf s t rdSedp! ymgfggmbex{wghﬁg&wﬁa%xg $C Ohch PRVGH

supply voltage to the at |east one annel” transi stor, and an I nput

term nal and @¥eptérPaid FaeQUin;ttﬁit NWNU"gai@'Wﬁicﬂ”hﬁé raC§ithleT'I'x‘?-cfeillr Sliripguer

supply termnal is provided a P type diffused |ayer of the at |east one

P-channel tr aglgh@dgh tiaterdriRimainyembey hréat foraherfiguieve]l metdlage empty t he
24 June 2003 second power supply'terimnal is provided at an N-type difTused

layer of the greabeauld ere e atitized! forrthesinsdrocels eppneedond tin additivns ehe
power supply voltage. An input termnal of a first level nmetal and an

out put term npowef supplyilines lestending shrougtstalk the staedardpoells chavendhe and
the output termnal for the function circuit, respectively. According to a
second aspectCc@istape widtheand iihvematos easerte ¢hangeotheiaddth sfatheapawes! |

array includin lurality of, stand rﬂ}cel | s.in accordance ,with the first
aspect of t hehml¥dics 1 anargance dith Hhe magnigidsr ok srquired Pover W
formed on a sem gopduct or substrate and located in the formof an array.
The plurali tyClb‘F Bt-andard cells are located in such a manner that

Ctraiont 1ine,  and Bagt fater S UdhahSe PR AbeEatibnt BrpdlifdydE, °"°
supply vol t agpgﬁﬂmg?t?mfﬁ& -AQVBI 1 AR éiis&ﬁis%@%%t&ﬂ%&t‘&%e‘i?ﬁkf@ggéelg%ﬁf\%}'y,

jsubjstrate an_ ornmed 1n the sem conductor su s_trat e_,
is inserted iafeq Whﬁ:lﬁisaﬁﬂWide&Qidtwééﬁ%\/pé{ve?rsﬁﬁﬂ)ﬁllilﬁhﬂﬁﬁl ARGRICEHA Wirifg
S.

| east one for a predeterm ned nunber of standard ce

area and which can be utilized for the inter-cell connection. Referring to
Fig. 19A, there is shown a wiring area diagram of a standard cell in
accordance with this second prior art. An empty area 123 is provided
between the VDD line 120 of the first level metal and an in-cell wiring
area 122, and another empty area 124 is provided between the VSS line
121 of the first level metal and the in-cell wiring area 122. These empty
arcas 123 and 124 can be utilized for the inter-cell connection so as to
realize an elevated integration density.

In addition, Japanese Patent Application Pre-examination
Publication No. JP-A-03-062551 discloses a standard cell having a device
formation area extending into an outside of the power supply line.

Referring to Fig. 19B, there is shown a wiring area diagram of a standard



According to a third aspect of the present invention, there is provided a
standard cell placement and routing processing systemconprising a library
file which stores information of various standard cells in accordance with
the first aspect of the present invention, a circuit connection information
file which stores circuit connection information of an LS| t&4Wenei@@s oped,
a constraint information file which storks constraint information
concerning the placenent and the routing, a paraneter file which stores

par anet er i nicetlnidx aeeprdapre dvinly thispded psigspicy Von dagellawaring asgark Hy

}‘requency Iof &tggg‘dfl to be v\ebﬁe Pf@/agatﬁghééggj st esé%féwt e d| ffused

ayer, a pla

pl acenent and,the routi of st andard el ected in agcordance vuth the
% 3

B reurt conndust BRAT A KERITIE SHOoM (RdIgs A8H-t TEONRER AREVIGe

fil b til f f h b t
oo malion fa!rééﬁida O”tr%i b3ma chATE 1176 Cxignas fole, i owtdss OF AR aftmstay

outi ng and FEPPELIGE, hytai’étiftﬁgﬁ o R A R
Phent on. a[‘%e‘{té’“‘%g%taoé?%e% PR ol iftep AL SofeEiGm? T ARIURNERCC

for execut | nGRnPlfoaRIBe RS ah g’ e@éﬂgcﬁ’ﬁé’s feblaRdRiised Tor WiPthe

standard cel | acenen routing proc g systemin accordance wt

the third aspedls, Qﬁlstlgl&s%lést@free Ry &sttd SibsthhgalesIl avidelp @eterdningd ¥ fhe St
step of reading out the circuit connection infornmation fromthe circuit
connecti on i r¥igs ofthedelvidecformanparckast ep of reading out fromthe cell
library file, standard cells corresponding to the read-out circuit
connection i nf or miurthermode) ofapameset Heaterd d-ApplisatiodarPresekaminatiom
plurality of standard cell arrays, each of the plurality of standard cell
arrays incl udiublicatiora¥p. i A-(5s05 5381 cmrmsesCelqtand@@r cell havingawy a
pr edet er mi ned nunber of standards cells, and th agéiérd cells included in
each of the HQWVES iSWPPdY Bt“é@%‘%@eelﬁle Fillgs t) l.gg afBere 1% shovn 2

manner that re ective bou dar t.hin th tand d ce;{Jr?
each st andar d¥ ‘i‘g AFAS! agirgmap gaftﬂt“a ‘egyltlpa?'t}fﬂ fig \V aﬂBF “&ﬂbw a
third step ofpgautng fhgfatname SelCa6Red 5 AT IRIChIE Shiring DEbHIES 1 1

t he standard array, in accor ance w cl'T CUl conne i on

i nformation,; a ehh gt X4AQCH |

W ring area opcﬁdr}gﬁrgﬁgﬁ(ﬁgs fé’mﬂ'ltl'lﬁlhn lt%hgﬂastgéﬂgaé céel nﬁﬁa?aﬁayrl:g {)am ng
a power SUPP'dbddéler@ biebweeH! rfifindls iﬂ‘Qh&“dlegAfK&aa réq ﬁitfeﬁhnﬁirﬂiéroéf
form ng a contact hol/e at an overl appi ng portion between the power supply
line and the standardseplkyareephiced! imothd formi 6f laaeahrhyyarf hisupphe line
standard cell in the standard cell array, or alternative extending a
pover supply patternovhiciehas aflinsewiddydetetminnd on tbe\bemssmétheylengﬂmﬁ the t o

t he power suppli; | i ne when the power supgl y term nal does not overlap the
pover supply $&lharranand,anpowsi mw\ane phadt Sralesated 10 GRneChgRi pech

portion between and t he r su | i ne of.the

0T fused | ayenangatd BEHSC  EhBReVes. o0 APt Sugbhdin Fas Havs: 28 ptimutn
resi stance of ﬁ%ﬁwggner supply line of the diffused |layer is not greater
than a predet% esi stance value stored in the constraint information

cel | s when it 1 diORRverniCHtaird RRIFPIRE sccBif MONER AT QAN 1
pover SUPPI Y bhfhipd houilth 48 AAVEE shp ARECnd MR (EIGICRERUS YR g

resi stance v then returm ng t out ep; an an el ght

step of routigsndafOteltARidtR! €Phé @tzﬂfd’a?@%%ﬂt oPthd fhxt@?rﬁiraél@% diffedd]t 86 ay
and signal lines between the standard cell arrays wh it is discrimnated

in the sixth spgmizéahet Wwidthesf thenmewef stlb phyptiver Twepstantane cefl bfiehe
diffused layer is not greater than the predeterm ned resi stance val ue.
Speci fi cal | y, faurth priamairt sarerestricted doulive a constant cell width. In addition,




a first sub-step of reading out fromthe cell library file, the standard
cells corresponding to the read-out circuit connection information) and
| ocating the read-out standard cells into a plurality of 24 June 2003
standard cell arrays in such a manner that respective well boundary |ines
within the standard cells in each standatd cell array are al 2§dete @d03 one
straight line in a plan view, a second sub-step of inserting the at |east

one substrate ntact cell .for every a predetermn number qof standards .
cor1s T euredREHaGhe oS e hdReBi Gt B Ao NGy By PRl afly i
cell arrays; a third sub-step of calculating a power supply line width on
the basis dPWinformation incl udi ng the nunber of the standard cells and the
ki nds of the standard cells included the standard cell array, the power
supply vol t age, afictordieglyperreed reyisty oqurencle;a stafidsnd tchllsaiistasdag asll array, and a
calculating the wwdth of a routing channel required from the power supply

line width,sybleg miranettbd $opRtink f@Stoudng stngndl cdlig! Whichaswbréothést bhat least
sub-step of discrimnating whether or not the routing is possible, with

reference t&éﬁéﬂ%@pr’éb%ﬁs%@c?ﬂedﬁitﬁ gﬁﬁg@%&@e&gd&nf ormation file, and

returning to t I'Tst sub-step en t outi-ng I's not possible, and on

the ot her hand, c eting th econd, ste n the routi.ng,i S possj bl e.
Furt hermor o s he KRR A s R RN iisc SBndthF 2t 06 alelits B b B Frsfeme
power supply term nals of the standard cells jncluded in the standard cel
array; a se®dnd methodfap rdacing sud; IuHBE iSRTdardecalds @Pabletof Frming ragc frer-cell

power supply term nal overlaps the power supply line; a third sub-step of
ext endi ng tdoangamenn supysiabetwaes agfowdnsuptily fins eud an in-cell wiring area and also capable

of ensuring the power supply line has an optimum line width, without a restriction requiring a

constant cell width.

Summary

According to a first aspect of the present invention, there is provided a standard cell
comprising a function circuit including at least one P-channel transistor and at least one N-
channel transistor; a first power supply terminal for supplying a first power supply voltage to
the at least one P-channel transistor, a second power supply terminal for supplying a second
power supply voltage to the at least one N-channel transistor, and an input terminal and an
output terminal for the function circuit. The first power supply terminal is provided at a P-
type diffused layer of the at least one P-channel transistor supplied with the first power supply

voltage, and the



| ayer fromthe extracted power supply termnal to the power supply line
when the extracted power supply term nal does not overlap the power 24
June 2003 10 supply line, so that the power supply line of the diffused
| ayer overlaps the power supply line; and a fourth sub-step of fornmng a
‘contact hole at an overlappi ng portion Between the extract ed4dier20@ppl y

bt op et ABER BRIy el iyt 38O PR BBy Ly
L mdtP i ofle es&%%ffy)nlﬁ?%fiavq_%kl?ﬁgh%Ji%fﬁiéghﬂﬂs@i% e !*?f?@ﬁeﬁowp ’
t erm nal do%gppﬁ Rth)\eﬁtea%%ap g‘ﬂ@“@b‘%‘?‘%&ﬁ‘%ﬁ’; Iai r@?& F%%e%ﬁﬂle@?\(ﬁl,d t%ﬂng vuetnt h

step can i ngLpdenaR off fiet fgﬁgmé&apm)étaﬂ% ‘ﬁ%ﬂhﬂ@ ﬂléih@@i‘ﬂ iathi 6 dhgcomes
gt t sup of

a hindrance 1'n reducin e resistance o e power ply Tine fornme

the di ffUse%dt?ﬁ?'teﬁrﬁidmtfo_grtﬁéltfﬁhcﬁbﬁ'tiidiﬁt,%ﬁ%&tﬁf yned resistance val ue;
a second sub-step of renoving the signal |ine which becones the hindrance,

and providing a tAcooglingote & secomdngpecn@fbgienpessdeinviensiod, ett@dre nigt al
and a second | evel netal at an end position to ich the renoved signal
line was corprectided asthradarticall swinys irdudingliasphiralitiaof yandatdheellsrinnot
the resistance of the power supply line formed of the diffused |ayer
shortened asaadesdarstiivithithe Herst eapectl ofother presentyimaientions said pbaradity aifer
than the predeterm ned resistance value, and returning to the first
sub- st ep whettandard ecllstbaing fosmgdean ¢ semmondvcton sulsteate andi loealpdtiance

ot ar cat or AREHOTT e agadr rf AP BLILE O RRn A e TsAElgagt 1 S8 ot

oopect ol MR Ml R B PR 7 DBt Pt e
aligned on one straight line, and a substrate contact cell for connecting a
first power supply voltage and a second power supply voltage to the
semiconductor substrate and a well formed in the semiconductor
substrate, respectively, is inserted into the standard cell array at
predetermined intervals, at least one for a predetermined number of
standard cells.

According to a third aspect of the present invention, there is
provided a standard cell placement and routing processing system
comprising a library file which stores information of various standard
cells in accordance with the first aspect of the present invention, a circuit
connection information file which stores circuit connection information
of an LSI to be developed, a constraint information file which stores
constraint information concerning the placement and the routing, a
parameter file which stores parameter information including a power
supply voltage and an operating frequency of the LSI to be developed and

a sheet resistance of the diffused layer, a placement and routing system



pl acenent and routing of standard cells by using a standard cell placenent
and routing processing systemin accordance with the third aspect of the
present invention, the nethod conprising: a first step of reading out the
circuit connection information fromthe circuit connection information
file; a second step of reading out fromthe cell library fil @4 Jspagaesd
cells corresponding to the read-out circiéit connection information) and
provisionally locating the read-out standard cells into a plurality of
provi si onal fonedacakinglthe plaegment andi the stemgdf diarddird gellsesglectedsinonal
standard cell array into a plurality of cell groups each including not
great er thanagcprdatutee withetheneitmat gfongteghichar dnbeimationi e rthel ousuid
adj acent to one another; a fourth _step of _selecting one cell group to be
processed, fCORNEREOPI Informagiosy fde |bygubm@éf,lgamffpfmﬂtlgne§0@a ﬂl@uﬁbmgy
signal lines hetween the standard cel]ls wthin the one sel ected cel roup,
i ngaccordancéﬂ\% ttRet RANESAY INOFALN Jﬂei ARGr nklG PRIRMGEEER I@ecif’r{dnag—

connecti on i nf orﬂgt i on si xth tracti a contour o

file: f.
e aa drbuteuyand disaly appius e diselehng 4 Bk dal fid Acesalt,
i g 1AL b ! e RIgrAgI
e o sovnliE pigRRent pid, 6t touing, A8, s fefBAly &%@Eﬁﬂé??ﬁ%&r&tﬂ of
fi e TP her ; ;
ei ghth st eﬁugg’%ﬁ%aﬁg'@“ég‘%‘t‘ 8 FAciblt Q%%??Q‘&@ﬁgasﬁfgéeﬁ‘% portion between the
pover supply | ne gnbefifigy RANAY [GUER! 24peel B fhe el dIdhERT bdee!is

within the standard cel . one sel group, or alternatively,
extendi ng a pRYRided!BPdtandARE cefl pheefidnt UsrD rbatieg hetiod Fer BR¥AItISERP! Y

termnal to the power supply |ine when the power supply
placement and routing of standard cells by using the standard cell
placement and routing processing system in accordance with the third
aspect of the present invention, the method comprising:

a first step of reading out the circuit connection information from
the circuit connection information file;

a second step of reading out from the cell library file, standard cells
corresponding to the read-out circuit connection information, and
locating the read-out standard cells into a plurality of standard cell arrays,
each of the plurality of standard cell arrays including at least one
substrate contact cell inserted for every a predetermined number of
standards cells, and the standard cells included in each of the plurality of
standard cell arrays being arranged in such a manner that respective well
boundary lines within the standard cells in each standard cell array are
aligned on one straight line in a plan view;

a third step of routing signal lines between the standard cells
included in the standard cell array, in accordance with the circuit

connection information;



| 2 24 June 2003 term nal does not overlap the power supply line, and then,
formng a contact hole at an overl apping portion between the power supply
line and the power supply line of the diffused layer; a ninth step of

di scrim nati ng whether or not the resistance of the power supply line of
the diffused layer is not greater than a predeterm ned resi sRddure 28031e
stored in the constraint information filee; a tenth step of re-routing the
signal lines between the standard cells when it is discrimnated in the
ninth step that thdousdi stepnek estrachingporentauppl ¢ wirkeg @rea 1of thersigaal

| ayer is greater than the predeterm ned resjstance value, and then,

ret urning tolings withimthg signdard eeld\asrayh andeplasingip Rawen snlndinghat e or
not the processi.g f all.the cell groups has been conpleted, when it is
di scri ni nat e@UtH gtﬂfo nVH1RE 8f€4:hat the resi stance of the power supply

'V%Pﬁe,"f ?Eﬂet nen, - PobithAfRp o3 %ﬁéﬁ?ﬁ%@%@%ﬁgeﬁt%ﬁ%&%@?@i‘ﬁﬂ@f& 1‘;0%2??:]6
br ovisi onal fgﬁ%gﬁﬁﬁﬁ%Pﬁ%&a%ffigﬁzﬁpnp“%siéﬁ@%t‘&%hé*gﬁe%tv.{hsﬁﬁﬁiﬁ%niﬁggﬁﬂ@ o
i cort m nat edi NP HOIGRE, BAARCIND sERldartl CUPUPIRERIERIARP YR AMOSR 0] '°

groups has be#férﬁ&ﬁ%l?t, %ﬁterﬁiliﬁgiga:%@@e% Bu%%@@[sigg dfﬁh@&ﬁﬂ'ﬁ@é&llig?g frBRPERS | Ve

power supply i1 nes of "the cell ups pr above to for power

supply line gfszémuﬁp@ndﬁhﬁnﬁpké the rpotve8applyt Huetwhsh thetmpwer son;y' ng a

not - connected i nterconnection in the standard cell array and signal Tines
bet ween the stanéiealddoes Inciroesrdap the powee supplptline, abdeahen) foeming es and

advant ages of the present
contact hole at an overlapping portion between the power supply line and
the power supply line of the diffused layer;

a sixth step of discriminating whether or not the resistance of the
power supply line of the diffused layer is not greater than a
predetermined resistance value stored in the constraint information file;

a seventh step of re-routing the signal lines between the standard
cells when it is discriminated in the sixth step that the resistance of the
power supply line of the diffused layer is greater than the predetermined
resistance value, and then, returning to the fourth step; and

an eighth step of routing a not-connected interconnection in the
standard cell array and signal lines between the standard cell arrays when
it is discriminated in the sixth step that the resistance of the power supply
line of the diffused layer is not greater than the predetermined resistance
value.

Specifically, the second step can include:

a first sub-step of reading out from the cell library file, the
standard cells corresponding to the read-out circuit connection

information, and locating the read-out standard cells into a plurality of



I nvention wll be apparent fromthe foll ow ng description of preferred 13
24 June 2003 enbodi nents of the invention with reference to the

acconpanyi ng drawi ngs. Brief description of the drawings Figs. 1 Aand 1 B
are pattern diagrans of an inverter cell which is one enbodi nent of the
standard cell in accordance with the pragent invention; Fig)2424ne2G03
pattern diagramof a 2-input NOR cell which is one enbodi nent of the
standard cell in accordance with the present invention; Fig. 2Bis a
pattern di agstandafd aell-arnqst irtNSER @etnlannbi thati respeetieariweall beundarfy tines
standard cell in accordance with the present invention, Fig. 3Ais a
pattern di agwathinfthe stendpdveells inesadky swadardusethasrayorre @lagartd @snonef t he
standard cell in accordance with the present invention; Fig. 3Bis a
pattern di agftargbt ligesigpg plan ¥ig¥nt act cel | which is one enbodi nent of the

standard cell in accordancg with _the present invention; . Fig 4 is a
constructional di%éﬁ%ﬁﬁgﬁu ‘%S?E)@(gégﬁ‘fffém@y&ee% felﬁsb(a’@%rs&}hﬂt(?gtevﬁ(?ﬂfa%ﬁeu

Chart of onelaBeYArCRterHuneLHBTPEr Dl -Reanidn el preachcgndaifedll ' "
| nvention f Ozrirrgly,a £ régmaprlce]lter & {)Pu%aﬁgyagg Yahdard cell arrays;

a third sub-step of calculating a power supply line width on the
basis of information including the number of the standard cells and the
kinds of the standard cells included the standard cell array, the power
supply voltage, and the operating frequency;

a fourth sub-step of calculating the width of a routing channel
required from the power supply line width, the number of signal lines,
and signal paths; and

a fifth sub-step of discriminating whether or not the routing is
possible, with reference to a chip size stored in the constraint information
file, and returning to the first sub-step when the routing is not possible,
and on the other hand, completing the second step when the routing is
possible.

Furthermore, the fifth step can include:

a first sub-step of extracting the power supply (erminals of the
standard cells included in the standard cell array;

a second sub-step of discriminating whether or not the extracted
power supply terminal overlaps the power supply line;

a third sub-step of extending the power supply line of the diffused
layer from the extracted power supply terminal to the power supply line

when the extracted power supply terminal does not overlap the power



cells; Fig. 6 is a circuit diagramof a circuit used for illustration; Fig.
7 is a flow chart of the details of the processing in the step 502 shown in
Fig. 5, Fig. 8 is a pattern diagram when the processing of the step 502 is
conpl et ed,; 14 24 June 2003 Fig. 9 is a pattern diagram when the

processing of the step 503 is conpleted; 1I%)i g. 10 is a flow ckhdenep?0Q3ne
details of the processing in the step 505 <show in Fig. 5; Fig. 11 is a

pattern di agram when the processing of the step 505 is conpleted; Fig. 12
is a flow chaupphyf linee sdethat Ithe gfoweresypplyeline f the diffusedelaysooveinlaps i n
Fig. 5, Figs. 13A, 13B, 13C and 13D are | ayout diagrans at various steps in
t he pl acenenthepewessuppldy pinecesd; Fig. 14 is a pattern di agram when the
processing of the step S08 is co% ted; Fig. 15 is_a flow chart_ of .another
embodi ment of t heantQWidh sub-sée aE@@IW&rﬂtCﬁélt%ﬁteb@}ﬁ at R AVESHRRRIAL

pl aci ng and rout.ing, standard cells; la%s 16A, 16B and. 1C are | ayout

di agrans of WFlggsbggwpe@r gxtracted power supply terminal and the power

supply line when it is discriminated in the second sub-step that the
extracted power supply terminal overlaps the power supply line, or
alternatively at an overlapping portion between the power supply line and
the power supply line of the diffused layer when it is discriminated in the
second sub-step that the extracted power supply terminal does not overlap
the power supply line.

In addition, the seventh step can include:

a first sub-step of detecting a signal line which becomes a hindrance
in reducing the resistance of the power supply line formed of the diffused
layer to not greater than the predetermined resistance value;

a second sub-step of removing the signal line which becomes the
hindrance, and providing a through-hole for connecting between the first
level metal and a second level metal at an end position to which the
removed signal line was connected; and

a third sub-step of discriminating whether or not the resistance of
the power supply line formed of the diffused layer shortened as the result
of the removal of the signal line is not greater than the predetermined
resistance value, and returning to the first sub-step when the resistance is
greater than the predetermined resistance value, or alternatively
completing the seventh step when the resistance is not greater than the
predetermined resistance value.

According to a fifth aspect of the present invention, there is

provided a standard cell placement and routing method for executing a



Fig. 16D is a |layout diagramof the standard cell array constituted of
various cell groups; Fig. 17 is a pattern di agram when the processing of
the step 1508 is conpleted; Fig. 18A is a |layout diagramof a standard cell
type LSI; Fig. 18Bis a pattern diagramof a first prior art standard cell
exanpl e; and Figs. 19A, 19B and 19C are wiring area di agr ans24funrseddidd,
third and fourth prior art standard cel lllexanpl es. 15 Detail ed
description of the invention 24 June 2003 Referring to Figs. 1 A and 1 B,
there are shplacementeamd dowtimg ot scindand icellsyeusiagld stahdatd cell phecement

enbodi nent of the standard cell in accordance with the present invention.
Fig. 1 A ill asdrengmgprocassmpiystem easterdanchi withrnthertherd aspentiof he1. |1 n
Fig. 1A, the reference nunber 111 designates an N-well, and the reference

nunber 112 i paesentdsventonythe micthad eampisdng: The ref erence number 113
shows an N-type diffused |ayer, and the reference nunher 114 denotes a
pol ysilicon. The adiitetier Huigading oyt dBei R soangeendnlomnatior fig@n t he

P-type or N-type.diffused | ayer and a first level metal. The reference
number 116 i ABE CHICHL GORRGFLIMN meF@aB@Pvféf&h the polysilicon and the first

: Efvi'r eg‘iéaLunEQ? BISSCHBALER OF FoRdnEco T A HRE oAl rl%frabﬁé?%i Hrnduy f?ﬁser a
Fayer - in theoRtanindibg 9G° BRI TEAR:Sul BBl flinkPBhaftinhy FalSrindiof andh”
Cermnal |1 Bt pERaLly Ricdtdd URE ey andand Sl in@e pREAMNED Of o

the source ofnh{fiShalhatanghrdVE8l targyst stor. Similarly, in a P-type
substrate region at the outside of the Nwell, an N-channel MOS transi stor

having a source apdttdrdirseep cfdem;dmg; thd provisidealdstahidart ceHy&ray lidgtd 2
formed, and the VSS termnal 119 is Tornmed on the N-type diffused |ayer 113

whi ch consti tpluesityhef sellr %ﬂ)up‘s ¢duh Mhadbdinme noM@seatearthas tao predéterrRinddannel
MOS transistor and the N channel MOS transistor are connected by the first
| evel netal mimbexiof standand gells ivdhighlare 1ecated asljacent dorgrei anathegn
inverter. Fig. 1 Billustrates only the P-type diffused | ayer, t{ue N-type
di ffused | ayer and foiathisten of selecting anesqeihgrqup ko be piacessegl, fromsthsis

plurality of cell groups;

a fifth step of routing signal lines between the standard cells within
the one selected cell group, in accordance with the circuit connection
information from the circuit connection information file;

a sixth step of extracting a contour of a wiring area of the signal
lines within the one selected cell group, to register a power supply line
inhibit area in the constraint information file;

a seventh step of placing a power supply line along the outside of
the power supply line inhibit area within the one selected cell group;

an eighth step of forming a contact hole at an overlapping portion
between the power supply line and thc power supply terminal of the
diffused layer within the standard cell in the one selected cell group, or
alternatively, extending a power supply line of the diffused layer from the

power supply terminal to the power supply line when the power supply



24 June 2003 1G the VDD terminal 118 of the diffused | ayer, the VSS
termnal 119 of the diffused |ayer, an input termnal IN of the first |evel
netal, and an output terminal OUT of the first level netal. The standard
cell in accordance with the present invention is characterized by having
the VDD ternminal 118 of the diffused |layer, the VSS tern nal 24U9n®20@he

di ffused layer, the input terminal IN of the first |evel netal, and the
output termnal OUT of the first level netal, w thout having a netal
connection |iteemligsl doSWRst 6veilhy thengowen duplst Bndanfdodieh, iformgagralance
with the present invention) since the power supply termnal is constituted
of the diffusashthaykole ithen stvaridppihgcpbitidrs betweas tiee poover Imeppid/
nmetal line through a wiring conductor formed of the diffused [ayer, with
the result tthe pawessupplydmee ofisks diffasechlgy@rasite resistance is inserted
bet ween the power supply netal line and the transistor. However, with a
recent advanced nét ainthi stepieledfsermmgtingcwhetheyyor aot ithemeastance ef the
which is formed by depo iting afﬂe alﬂéi%aniu§1(Ti),on a surface of a
diffused regi R@WERd SEBRVEr lingg athdhgediftusedadplgri it onet (ghsaies stharci e,
and a cobalt siljcide which is fornmed b epositing a.net cohal t. (Co) on
a surface of Rregeferuipg rréﬁisbqﬂc&n@qgﬁ regi’r‘i’gt Ihdgaant H@ngﬁtlpﬂt@%&:obalt

esi Stante of the IRASUP PLferoRiBe b iaRaints Peliedhthe ingRef 66
'3_2 pr act ?;'mb BB R Rl eR 3 e mifi Shp RN Ee s Bl AETSAPH "
cert i accor TR B flc, RSBl Ko i el WF the b A o

of a 2-input NANPas& valie3 anhi®Bn! fet@Afin BAHE TRfth S@éop-t he standard cell in

accordance with the present invention. These standard cells have a pair of
24 June 2003 17 i nputleventh sedpsof distrimmhatiNg. whetier dredatr therprocessthg foBA,

there is shown a pattern diagramof a Low power inverter cell 104 ichis
one enbodi nenall dhet ¢ell Yrenparhsckeén iconguleted]awhenvittis diseriprinatedt in the
invention. Fig. 3Bis a pattern diagramof a substrate contact cell 105

whi ch is one aitbdierethatdherpsistangadribeqwer supplydintat thavdiffusadelayeesent
invention. In these figures, elenments corresponding to tg&ie shown in Figs.

| A and 1 B ar® BoWereatéicthan the, predetarpungd fesistanesdvalues andthemn rgfuming
omtted for sjmplification of, description.since averaged person skilled
" the art catp ot e fadit BEE, sl R6r ol GF REQRChES Aok Vet

I nci dental ly, te contact cell 105 is for fixing the potential of
the N-well Eémaamé%’gtenti al of the P-type substrate to the VDD

potential and the A/St%él?&xe%%{f'of r l;la%fﬂé "tﬁbyprﬁiswfﬁt‘%@%ﬁiﬁ%eﬂAarr&ﬁ’

2A, 2B, 3A and 3B, the standard ce I N accof dance Wt e present

i nvention cancémipsedlofoihleyprbvisiohally loehicd aaadhal bells,avith cbrrésgpotidinge! |
widths. Referring to Fig. 4, there iS5 showm a constructional diagramof a
standard cel | cgll azoupsipracesseduibove, whateitss iisaystinacdrinahecldeanh step h
the present invention for performng the placenent and routing by using the
standard cel | thattheprocessmg fou alh théecPraroaps hias\beenicompleted; t o design an
LSI. The design system conprises a placenent and routing system 401 for
perform ng the pl agé&histaendh stap of intaccannectipgtrespeesive pewersuppbelines of
connections and the power supply ljin s§ acell library file ,4Q2 including
the standard B Ic6Tk BEORPS PrRFessed AboYe toformen powén gugply ding derithe
connection infor ponnsfile 403 . for a circuit connection information of the
LSl to be devé&%@%@@cﬁué%ﬁ%¥véﬁqn information filc 404 storing various
constraints concerpi e r i i / . 1g
24 une 2003 di spl Ayoapsan sEFFERbuRAE 4 Bd-hHpeft MBetipBHERIDn 1 the
various infor ' -pf! 4 : Nnadd C 0 |

{erper at ur e r SASGArd cBf HFa And i ARG St R R BAIATLEEYS...  (ype
di ffused | ayer and rdeHS 4 IO J ut
and i spl ay appar at g o A GHERTIELS] RedthIe add 4aVERCERS AL prelted

pl acement  andifivstitiow waDbeV apparent FROHP s féﬂﬁvﬁﬁg' Aesdriftibn lofop@lefrod

i nput/out put and di splay apparatus 405 to control The execution of the

pl acenent and routing. Now, the placenment and routing nethod executed in
the placenent and routing system401 will be described in detail. Fig. 5is
a flow chart of the placenent and routing nethod in accordance wth the
present invention. In a step 501, a circuit connection information which
represents a circuit of the LSI by small circuits corresponding to cel
functions and connection information between the small circuits, is picked
up fromthe circuit connection information file 403 and is inputted to the

e AN A —



circuit connection information inputted in the step 501. An input term nal
of a |low power inverter 604 is connected to a termnal A, and an out put
termnal of the | ow power inverter 602 is connected through a connection
line AL to one input termnal of a 2-input NAND circuit 603. The ot her
input termnal of the 2-input NAND circuit 603 is connected 24Juna 2003 nal
B, and an output term nal of the 2-inpuﬂ3NAND circuit 603 is connected

t hrough a connection line A2 to one input termnal of a 2-input NOR circuit
602. The ot hembarhimentsr of nthe anvehton- wiputrefleRmier ¢oi thes @GR companyiagt ed
to a termnal C _and an output term nal of the 2-input 19 24 June 2003
NOR circuit doawingsonnect ed through a connection line A3 to an input
termnal of an inverter 601. An output termnal of the inverter is
connected to a terminal D. Here, the inverter 60l, the 2-input NOR circuit
602, the 2-input. HAND cjrcuit b03 and the | ow power inverter 604 are one
smal | circui Bf)rmf&%émtm of the\drawit@sspond to the inverter cell 101, the

2-input NOR cel | |02, 2:input NAND cel.l 103 and the | ' t
cel 104, r eapect Pyl Arid, 18 dke Srs ingcaims B8 e Pt B BGM & 1 P

and the r eadott CORIBIARCbF eSrtaRBdnd Geul BRI dRRER, Wi e prkbCcry
cell array, Rﬁglﬁhﬁ$dard cells are placed in such a manner that a boundary
line of the ? 111 in the respective standard cells are aligned on one

straight [ine in Fig.' 2R ¥4 ﬁv‘%atlfé - diagranf of | £ 2-mipak INORO tellowhiéh §8tote s of
the processing in the step 502 showmm™Tn Fig. 5. In a step 701 ) a

provi sional RhAssdipentGftde sthnd4id &R aéédrddnésd witle thedpfbsenit ifventions Ui t

connection information is determ ned on the basis of the nunber of

i nterconnection | Figs2Beisvweatfche diagtdm Giff £ 2-inpur NANDreetl wHigh ik agrrent
constraint fromthe constraint information file 404. Then, the standard

cel I s correspmbbdignent dfrthesstamdardi cedliint aceordaneawithuthd poesenhinvegition;
library file 402, and the small circuits are replaced by the read-out,
standard cells, r&$pedd e patterntdisgrasnafl alew payer iverteeceld| whiahy iy and
the nunber of cells ipncluded.in the cell array are adjusted nd the

posi tions of q%epﬁgﬁgmmspg r staggdard cgl lﬁe?%‘i‘?ﬁ%ﬁbﬂgiwlgh Prestter
that a boundar¥ |i.ne of the Newell |1 | in the respective standard cells
are aligned SHVEH 0%’traight line in a plan view Thus, a provisional cell

Stably tix the pot 3t P55 PAHER Aitktpt o alBbudle ortie bt VHRR ' s,
pot ent i al andedh ik hiS PN schhdardGeIP9) G0Lorlangh wilE (% BREEHRRIIRE L O

the VSS potenti a t |l east one substrate contact ce 57s inserted for
every a predetermmgd ugber consteatlionah dihgrdthowf sa Qirdlcessinlg sysRym &P
that a standard cell array is formed. In a Sstep 703 succeeding to the step
702, an opti raccopdawce svilplthe | presemd iverftion éar iplatiagdand! roetingastangard

cal cul ated by considering a heat generation caused by an el ectric power
consunption a€llsan el ectromi gration resistance, which are obtained on the
basi s of the nunber, of cells _and the kipnds of cells included in the, .
standard cel | arri‘g}g- as wepl flow ehag,ef i one rembodiment o L‘ibcfi‘@ﬁﬂ@‘ﬂlem

paraneter file 4 i ncl.udi t he sheet resistance .of the first |evel

metal . the pdieSOTdames il the gereseRb tayantinn gr Mlacing 239 rantng LaBgard: i ng
tenperature.(%ﬁﬁn, in a step 704, a routing channel required between each
pai r of adjac *standard cell arrays is calculated fromthe opti num power
supply line obtai kn.t.he; cedi 203; . signal |ines
bet ween cel | s, ro{}gg' gir%na{z;glrggﬁh@,gh%%tﬁ%Cg\rﬁgg{thd%? %?gpﬁéug{ﬁg ling areas
wi thin the standanggcel; t 114 ' yge of
the LSI is esti ma{Feig' ? rl(%JrﬁE{j1 pﬁgyg?gﬁggre@%cﬁt?ﬂ%? rf geébgﬁ%gstgﬁ}eg Irrgﬁl%eicﬁﬂgﬂ c%%%nel S
t hus obtainedﬂxﬁ@ﬁiﬁQﬁgpgpared with a vertical size and a horizontal size
of the chip stored in The constraint information file 404. If the estimated
chip size does notFiged isnatputtdrn diapidimalhenabe gindcesinpuf denitep 502 ¢s of
the chip, the processing returns to the step 701 so that a conmand is

i nput ted t hr ccghnpldted; nput / out put and di spl ay apparatus 405 to increase or
decrease the nunber of cell arrays for relocation. If the estimted chip
size neets 21 24 June 2003 with the vertical size and the horizontal size
of the chip, the step 502 is conpleted, and the processing goes to a step
503 Fig. 8 is a pattern diagramof a portion of the standard cell array
when the processing of the step 502 is conpleted. The inverter cell 101,
the 2-input NOR cell 102, the 2-input NAND cell 103 and the | ow power
inverter cell 104, which correspond to the inverter 601, the 2-input NOR
circuit 602, the 2-input NAND circuit 603 and the | ow power inverter 604




In a step 503, the routing of signal lines in each standard cell array is
carried out in accordance with the circuit connection information stored in
the circuit connection information file 403. Fig. 9 is a pattern di agram of
the sane portion of the standard cell array when the processing of the step
503 is conpleted. In accordance with the,gircuit connection %ﬁgvmﬁquaFig.

6) the terminal Ais connected to the input termnal of the | ow power
inverter cell 104 through an interconnection line 901 of the first |evel
‘metal . The out putFigerdrisral patternhdiagoampehen thevpracessiogl of litetstep 50Brisct ed
to one input termnal of the 2-input NAND cell 103 through an

i nt er connect f@mpletad; 901 (A 1) of the first level netal. The terrtiirlal B
is connected to the ot her ipput fermpngl of the 2-input NAND cell |03

t hrough an inter cBHheld ilHA pweCE@@ @] ?hehéeﬁalrssp? |t€wroce&sanganethzo&39pzz
metal . The osbggh ternigal f the 2-input NAND cell 103 is connected to one
input termn Oﬁﬁbué-i&pﬁt NOR cell 102 through an interconnection |ine
901 (A2) of the first,Jevel netal,. The o ut, termnal of .the 2-i t. NOR
cel1 (105 s connekitod t & Rinatef tiadins Waft bné Broteing peihe ofep 264 is

t hrough an inéﬁ{gqp ection line 901 (A3) of the first level netal. The

out put t er mi HAPOF*the inverter cell 101 is connected to the termnal D

t hrough an interc ecs i i i I . otk the
step 903 1's compl bt i fIo8F oRaft 6f the Beldilbe i FopfEisihe i WE kb
a contour of mrghla,g‘,@[@ﬁ wgthin the standard cell array is extracted, and
a power supply line 1s o%atbd at the outside of the contour. Referring to
Fig. 11 which is Rigatit3gni3Bads@mnd 133 saneyeer diapramls dthearkdinsiepd cel |
array when the processing of a step 505 is conpl eted, a VDD power supply
line 1101 (f ou theclptdceimentemanuwingprddessyt |1 evel netal) is located at an
upper outside of the netal signal lines of the first |level netal within the
cell array in theFjg.aH W ewpattemn diagsenpohen the poogessing of the3teyf 608dd of
for exanple the first level netal) is |located at a | ower outside of the
metal signal compdeteds the first level netal within the cell array in the

pl an vi ew. Then, {he acessin oes to the step, 5Q5, in {ch the power
termnals of each &'elf dfed 21)91‘% Y qfoa%&eﬁﬂﬁboguaswom sr.nea? 1190 js
a flowchart _qf the details of the processing in the step 505. |In a, step
o0t "one. st afcadiied WA preve P eRERRCarBlacife e e shhdiaf
array is exteéﬁged. In a step 1002, whether or not the extracted VDD

term nal 118 overlaps the VDD power supply line 1101, is discrimnated. If

the extracted VDDpjgy nigpl v 81 VA cPAWE o f SRS i (iﬁgg, t he
processi ng goes to %rsrﬂep 11%%% G\PMt:raldg o%lgglr‘ %aa d, ifOft he %Z%dlggr\l né 2003

extracted VDD ter Figlal 6D al¢ggoutodiagysnl @fotﬁ@emwa@rm\sﬁraxsmfnﬂonsti'tutedllol,
the processing gocs to a step 1003, I'n which a power supply Line fornmed of
a P-type dif ofisediduwsyesll gteigps;Fig. i 1) for supplying the VDD voltage is
extended fromthe VDD term nal 118 towards the VDD power supply line 1101,
and al so the N weFigphl i®ppaticrexhiagrasy whensther pracgssing qfotherstepdiSOB isi ne
formed of a P—%¥qe i ffused layer 1103, so that the power supply line
formed of thé&O II?Egtdiffused | ayer 1103 extending fromthe VDD terninal

iéﬁpf’éfreh?‘pfhéhﬁrﬁ?@ifﬁ%‘éégfé%bﬁdﬁé%g{éﬁ#s@éﬁa%#e?ﬁ@%ﬁ% 1004, "2 .

1 . . ' .

first 1evel metal 1 8RS FRRNARTBidaah" nt°E ity corlaf aff Gtandid c80° 1

gsgr?:n t he gQQ?ﬂﬁ@?éP@upply line 1101 and the VDD term nal 118 or at an
ppi ng portio et ween the VDD power supply line 1101 and the power

supply Iine form%‘mgi. 198, '1’9%9&1#9‘@ ‘é?@%i'rﬁﬁﬁg%@@ggﬁﬁs%ﬂ‘?&ﬁoﬁﬁi@ir@p%’

whet her or not a processing r connecti ng termnals to the
VDD power suppldyfdurtle p#ib? lart gtandaed c@ﬂr@;ﬁﬁﬁ;@s_ is discrimnated. If the
connecting processing for all the VDD termhals 118 has not yet been

conpl eted, the processing returns to the step 1001. ~n the other hand, if

t he connecting processing for all the VDD term nals 118 has been conpl et ed)
the processing goes to the connecting processing for the VSS term nals 119.
Thi s connecting processing for the VSS termnals 119 is simlar to the
above nmentioned connecting processing for the VDD termnals 118, and

t herefore, can be easily understood fromthe above description fromthe
steps 1001 to 1005 by replacing the VDD term nal 118, the VDD~power supply
line 1101 and the power supply line forned of the P-type diffused | ayer
1103, with the 24 24 June 2003 VSS term nal 119, the VSS power supply

| ine 1102 and a power supply line forned of an N-type diffused | ayer 1l 04,
respectively. If the connecting processing for all the VDD termnals 118

"~~~ 1 o o A A N o, o o . o .




1102 and the power supply line fornmed of the N-type diffused |ayer 1104
25 24 June 2003 for the purpose for connecting the VSS power supply |ine
1102 to the VSS terminal | 19 that does not overlap the VSS power supply
line 1102. In the step 506) whether or not the resistance of the power
supply line formed of the P-type diffused layer 1103 and t he24o840er2088ppl y
line formed of the N-type diffused Iayel1 1104 is in a permtted |imt, is
ascertai ned. For this purpose, the respective sheet resistance of the
P-type diffused | ayer and the N-type diffused |ayer are read out fromthe
par amet er fiDeth?Gf/d@Swlptm pbthe tnyeséional ue is calcul ated fromthe width
and the length of _the diffused | ayer constituting the power supply |ine,
and i s conpared vReleraingefonFigs dick ands| Bt there argl showen patigrn diagramsontt rai n

L e 613 b . AR
vo e L BRSPS RSB oA O
e 55,01 (SESHINNG Ak DREIgesSs 18 ocs, Lo = step 0T I fre,
pover SUbPLY, Lneh FRLTER, O HIErsi unitel o uagecsharibmnaidme,
oo 7, ESRRSETRul e 25RERE o P ape amSytte Thenslotige |
resi stance opuiber({13 showdef) NP er diffRidyldyene ahdriiedregérénee miunbesed

| ayer not greater than the perm sSible resistance value, is detected. In a

succeedi ng s{ g denodtes 4 polgditivah. ITirerdferened mimbéel 15 designatey a conealct
becom ng the bottle neck is renoved, and a through-hole for connecting to a
second | evel halet hetween thatetyprt on Nodgpe idoffused WnyarhamhaHfisstdevél ntegal.
renoved signal |ine was connected, At the sane tinme, the correspondi ng
pover suppl yThengetgrenge mumber el kb mdigatesna apntpetdiole hetwess thes 2c

Z‘r’ggi Zg' L RSnEB%?ﬁ@s?%h%&e gh‘?%fffrglé ;Té’we'&f‘%é@%ﬁh«?%ﬁ 9@#5?&% Eéﬁaﬁ?sl?é‘w%i be
remved. T Bt ri%f%@i@&r%ﬁefmﬂcﬁ‘én@flé# 138k GIPTi Al ve,
osul 1 of tnelgREdsee JEHd KARF TSR MOl L IO YR s VRS, .
val ue of thet&ﬁﬁi:ng’l*t(ﬁfjtlﬁ’@Wftxéé'Qﬁfﬁiﬁslgﬂrl[ﬁyleﬁ o Y N-GfEIRN] 18 hep-gedmi] ed

with the permss e resistante val ue. the resistance vafue is greater
than the per MIOS bhasikes Bivinge yairde anidg dpspchafieiof die/PAypediffusedt ep
120l . To the contrary, if the resistance value is not greater than the

per m ssi bl e tagrst Hhae foahned, anddhe VDadterminfabrl i8ies {drimed oai thedP-typeer
supply line fornmed of the diffused |ayer having the resistance greater than
t he perni ssi Biffusedilayemdd 2vwhich coastibites dhessowrae of therPrehannelMd3Bng i s

repeated for other power .supply |Iines fornmed of the diffused |ayer having
the resi stan&'@né’rsé%‘;-eg?mﬁéﬁf) HB apk‘rmp@ﬁu&s&raﬁ%%lpara& gautside; of theok-

o |5 AL ot ob I BT LSRR X LR SR T e of
rect stance Vol ShAchribd ISCIP] £ 9Pkt AP LSS Bhrbi 118 S
the processi 'i'ggg%sm{ ﬂ)@g\g-gfrﬁ% tﬁgl HS‘%(E 14 fif%ﬁgﬁmdd%ttﬁﬁfé@lﬂ?gsgiu‘?g% gtfhat

have not yet n connec e —cel array, are genera

signal 1ines (k¢ N-eRBAREL MOBa ARG Stor NeTHd PIdiRirthef MOSafr%\ﬁQ@torTz{H{ﬁ thd e

pl acement and routing processing is conpleted. Figs. 13A, 13B, 13C and 13D
are | ayout dichanasMOBugaiigitionaré Renhattdapn s firstevengidtalon] 7 andhhie
standard cell array at various steps in the placenent and routing process.
Fi g. 13A showentadthodetl 1§, 3grasrovdustitutdgdanlimer@p03 the step 503 shown in
Fig. 5 is conpleted. The standard cell array conprises a plurality of
function cells 10PigaviBgiltistfatesrinlyi thesP-appe ediffusedt: llagengtlee Netypkei t y
of power suppLy termnals formed of the diffused |ayer, and at |east one

i nput t er mi ndliffused dagenangthe fustlavel metahshowm imEig.i kAt FigvdB shows, and
at | east one substrate contact cell 105 provided for every a predeterm ned
nunber of function cells. These function cells and the at |east one
substrate contact cell are placed in the formof an array in such a manner
that the boundary line of the NNwell in the respective standard cells are
aligned on one straight line in a plan view. In addition, interconnections
901 forned of the first level nmetal are placed for the inter-cel
connection. Furthernore, an area of the incell wring and the inter-cel

T o YA Y b1 - . - .




Fig. 13C shows a | ayout di agram when the step 1202 shown in Fig. 12 is
conpleted in the course of the re-routing processing of the step 507. The
power supply line 1103a forned of the P-type diffused |ayer and the VDD
power supply line 1101 are renoved, and the interconnections 90la and 901b
of the first level metal which becone a bottle neck in reduddniyne 208324
June 2003 the resistance of the power supply line 1103a forned of the
P-type diffused | ayer, are renoved. Furthernore, through-holes 1302 are

| ocated at et WODttermsnalf 1 thefithe shffuseddayemshoWSS tarmimd 1bl9 Bf ghe 13D
shows a | ayout diagram when the step SQ8 shown_in Fig. 5 is conpleted. The
VDD power sugibfused; layen,1an inputrterminaletN of thedistdeyelangtal aand @ns pwiput

i nhibit area 13Qla, and i pl?ce f the renoyed i nterconnections 901 a and
901 b of t helermigal QWY ofghal st gl cishalet | Desstandardeel] weatsprdance)

netal, the through-hol es 1302 and .the interconnections 901 he first

| evel drret ?I ‘é’r‘&‘ al?r REGFEHS lpﬁﬁfltm?lﬁési aéiil%t@ﬁlﬁf@a&?b Vi (58? \?blié%@mé@ t heI
f’i:tni' %iogb ?Ef%éé”taf@"&ﬁ_@s%ﬂ@%ﬁai#@ﬁzé&oaegwfaiﬁhé %_3‘3@%@?@13%&8%&@%‘6%
it CThe | TRELIERRGA I8, AL d6e 1SF ovel anPiad End B o R BaPBRISOR By 14
5o ol AEACRA SR e ol ok SORRERR e BT oty

inter-array connection is t'erconnec

first |evel gghﬁkdﬁ%&ending fromthe termnal C, a through-hole 1302 forned
at an opposite e of the interconnection |ine 901 for connecting between
the first level nRithe srdab® celconscdordahce®iidh the@préestntrinoemech, sincki ne
1303 of the second |evel netal extending fromthe through-hole 1302 to the
ot her input th® pdweheupplpptdrntiaal cisl consttutaddod ther diffnsed! laye3p2héor med
at the position of the second input IN2 for connecting between the first

| evel netal staddahd ceHcisnebnreoied e apowensapplhametal gﬁnnanhrmlgh acwinngt ed
to the other input IN2 of the 2-input NOR cell, 102. As nentioned above, by
form ng the sondueton fosmedaef the Biffused dayare with the raswlé that jtisd8csBance

with the present jnvention, and routi.n 29 24 June 2003 the signal Lines
Bhdl tho powe PRSI AR Aaedits AESstaBpen daserieck Bewioon b mawer Swppidigera "y

is possible t.0 p [ i i i W th
no hi ndr ance,il%gn%&? ?h?@gaé}sg%%ﬁbg@ﬁ%?e? b%};g{ §1t %@%&f gflﬁa%%&! ﬁ@étﬁyﬁgﬁagﬁppl y
line (of net ri WelWsi T r I I n
addi ti on, thgb%g%/lfgcmgyb%ﬁtga%rﬂ égg% %?ﬁ‘@?ﬁlﬁ%i@@gﬂa gﬁplﬁ%{gtﬁy gnnel .
Therefore, aghd] fithhiupg (ANOhtY sepfacBeof galifftaed Iegicﬁ{ Ah8%drfvertifig the
there is shown a flow chart” of anot her enbodi nent of the nmethod I n
accordance wnhdtal bearings aito titanéunhi licide; apdac cobalesilicide twinghsis fogmed
cells. This second enbodinent is different fromthe first enbodiment in

t hat, bef or e biyodepasitinigea arétal aobait, (Ce) bnga supfaceanthaidiffusdd mggioplandal i ty

of cells of not greater than _a predeterm ned nunber are fornmed, and in each
cel | group, ©eaverieg the metdrenhnll ifoasabalksilieids; haysppsen reduces intgl aced

L Ry R iR LA S
orovi i onal | Pesatbesttfe RALCHTG, TheGHEpre of S, PRSP 1ol iuinipteg dbe (e
Consi ot i ng ofaenitgetistcr 8 SulekehdpRh bR hiksh Bitdrafbe Pocared
s possi bl e to nols ik 1 FIETRAR IO badehrdiaotant O 8 2B 1,

to the cell QORPEH TR WhicH Cone Bfthddimen OF the StdfidArd iceHl ifi dcedkdance
connection information in the circuit connection information file 403.
Thereafter, twRhpthecpsesent iaveftibnt oFag sPBPisla0fatterh Waghane o &2-inguoup
is extracted. Then, in a step 1505, the standard cells included in 30 24
June 2003 t heNANDaceHd 168 Iwlichups aoree rerabodithent oof tthe standard beelt yind02,
and placed on the basis of a provisional placenent information. In

addi ti on, at dceesdanmeewithitherpresentanvantionelThése stamidatd colls hawve a pairofcel |
connection is executed. Next, the processing goes into a step |506) in

whi ch a power supply



line inhibit area surrounded by an imaginary |line along the contour of an
area of signal lines within the cell group is extracted, and then, stored
in the constraint information file. In a step 1507, an optimumw dth of a
power supply line (formed of metal) is calculated on the basis of the
Information stored in the constraint inforymtion file 404 andft dune 3RBanet er
file 406, to generate a power supply line at the outside of the inhibit
area. The power supply line may extend in a straight line but may be bent
to extend al immttteememals diNl and AN i Alsdi referrars (T heg.chAT theretibshpmaressi ng
goes into a step 1508, in which the power supply termnals of the standard
celI's incl udpdttennt deagram gf cauplaaw epowatedneerteo ¢¢ld POdewkighpliy bDhaes.
When the power supply term nal overlaps the power supply line, a contact

holj e |h s genefHY ilmené@fdb@rslﬁwﬁrd@:@;bm ﬁ¢@de@@?\é‘éﬁl th%prﬁmgﬁ IRYBIGN.| i ne
t yt . t t not
ove | e et bobppiplerhdivsarned otibera ol by hons:
poversupp Y EmbRdifyE é&ﬁsfsw@aaa)qe?ﬁmaac?@ﬁpé%twm fhe Pgesgeﬁm&rlﬂﬁorat ar
the poner Sulibete FgtBed vty EBHRSpTHEMe! 1d, e RS Fighod Abpnd ot
the resistangg %{ﬁé Bfvell tHe"Garh W@feréH@é’h?iane’P? afi éygﬂaﬂétiéﬂg%ﬁﬁ ﬂ)@)ﬁfi{itted

om e IS In a permssi mt, IS

extending fr power supply ternina e 1

di scri m nat eg, Efmbpﬁic%ﬁ%hséﬁH.E?cxiigtion%‘ngél aﬁ“@@ex%%?é 1[%&@?1?] es\%ilfll%kﬁrigathe

perm ssi bl e val ue, e processing goes into a step (

processing siapi | @nt anteestanav heset feldqwesi Rwithd nol 2hursh&x egxpR@altivn.
re-routing. If the step 1510 is conpleted, the processing returns to the
step 1 SO5. Yheidehhdly,ahe subsgrateofortadt t¢ié 106vierfos dinihy the pesentialtdfethe
diffused layer is in the permssible limt, nanely, not ﬂreater than the
perm ssi bl e WNrwael] 1ild arxd denpotentiad of ithe R-typepsabstnatattodhd YD ipogential
processing for the cell %roup concerned has been conpl eted, and the
processi ng gé8d that\bSY poteptials respectivebhe step 1511, whether or not the

I d i [ | | h )
Compl ot ed, 15 di s&s SRR a0 LIEF e 1B adbritit Sanand ol e SHHSBEISEHS ifor

Il th | has . t been. leted, ;th [ t t
the step 150ACCOANGE BHIEIS BraSert i ARt cenchive, Rt ALY  acesFnt 688 ng
for all the q%%tggm%ﬁsciﬁgff%%gsfgﬁﬁgﬁbgd the processing goes into a step

1512. In the y placed cells in the provisional

cell array are r e!ﬂéféﬁﬁl%:gyg{%gﬁ,;tﬂeke 95 QHRWIP 'ROESSREL tIBHHL d’i'&‘gtﬁ'?]ﬁbSF l% In

a next step 1513, the po I nes are connected between e cell
groups. Ther egdridard dell plastaient ahd, routing provessing¥ystdmadh deeveddie with been
connected within the cell array, are generated, and signal lines are
connect ed betthegresdnt inventiend orepérfarmimgs thelplacemdre qridhcewmeng bgndsingut i ng
processing is conpleted. Figs. 16A, 16B and 16C are | ayout diagrans of
various cel | the standardgehisan accordande withuthe present inventigs. solgnto desigand
16C incl udes a rality of function cells 100 and one substrate contact
cell 105 whi &} g closely placed in such a manner that the boundary |ine

f the Nowell i ti t andar d cel | i d. trai ght
ine i a pl an vi SHE AESERMYSIEMSG GRPHSSS % RIACGRISNS Y EPLIAE SHNAT 40 i g

V0 pover  sufaFpetforti, hE bi ARSI b e Aile b PuefREIL A" o
@ agram of - reiReEHbls RdCine BBwielupply 3R, o) 1y P22 RN

shown in Figsh n fil Fiesl 71 AS t ) f |l
group when tﬁeeés%\g%aéx?ﬁ%l@%?ﬁtéﬁg ggbg%Slo%\’ iI?’g%%ri)IQe@t’e%A T%%\A?er%ﬁgggtgl y

l'ine inhibit comeeclidflinfennatiendfife @03afdhi Cir@ft icdnheb8oh nfbeinadidh of
confined to surround the internal wiring area. The VDD power supply line
1101 is pl acdheiliShtdbetddvelopsd; udnsteaiat pmforidiomfitc 404tstoaagofarides
inhibit area 1301 in a plan view, and the VSS power supply line 1102 is

pl aced in a henstiaonts conectnéngl theoplaceinentcamd routingdanoinputfoutpint kind ar ea
130l in a plan view. Because of the bent power supply lines) a further high
Wi ring density can be realized, and al so, the power supply |ine formed of
the diffused | ayer for connecting between the power supply term nal and the
power supply line (fornmed of netal) can be shortened in conparison with the
pattern diagram shown in Fig. 11. Therefore, the nunber of the power supply
lines forned of the diffused |ayer having the resistance greater than the
perm ssi bl e value, which are detected in the step 1509, can be reduced,
with the result that efficiency of the placenent and routing can be

e . o S - o, .



within the cell, as a routing channel. As a result, a high wiring density
can be realized. In addition, it is possible to set the width of the power
supply line (of netal) to an appropriate width for each standard cel

array. The invention has thus been shown and described with reference to
the specific enmbodi ments. However, it shquld be noted that t2Helynecddoit
invention is in no way limted to the details of the illustrated structures
“but changes and nodifications may be nmade within the scope of the appended
cl aims. BMMIQynapFﬁﬁb&u@LAﬂﬂs: afid A paeavheter fik 140®ngwOrAMgVaribusction
circuit including at [east one P-channel transistor and at |east one
N-channel trimfermiation mdludatg pnveperatipgl freqeemdynain foperatmgp|teinpgratuire r st
power supply voltage to said at |east one P-channel transistor, a second
power suppl yrangeyisnahedtoressstpprgiofga £-sppo ddffpsed lagenmy Nbypaghffusedai d

at | east one N-channel transistor, and an input term nal .and an out put
ternmnal forlaygrdandinariws éntescoRneien anetad diayers.r sthe dnput/oufputyand
termnal is Qroyided at a P- e diffused | ayer. of sai t |east one P
channel trandisplay appaiates 445 kFaé‘aiddSI?IFWsEhepg\Aéﬁ(’fé’uBBayﬁ\FolfP%‘é,0 tBesai d
second power supply termnal. is provided at an N.type diffused, | ayer of

s at | easPIASRERtc AR (BRtingS AoV arots SomiiBands {dans B dnBBtis She
supply vol tage, . an rein an . input termn i I l..oet al . and an
out put ¢ er m i igRtELF pRA RS, dnda s B ool The eREGIST sl b

and sai d out ' aid function circuit, respectively. 2. A

st andard ceIﬁHnggéﬁkﬁgiﬁ%ﬁhgga plurality of standard cells forned on a

sem conduct or SUbRIGHA! he3PcbARR Gd Al FRARATexBBURL BY theARfeRfertal d

standard cells conprising a power supply term nal of use ayer, an
i nput term nghd @buing! sygterh el wiltr) déveeibed iAlddail. term nal of said first

| evel netal, wherein said plurality of standard cells are located in such a
manner that respeBig.vé isehl flooudary ofi thes pladementsand sdwtit@rdetiedd $nar e
accordance with the present invention.

In a step 501, a circuit connection information which represents a
circuit of the LSI by small circuits corresponding to cell functions and
connection information between the small circuits, is picked up from the
circuit connection information file 403 and is inputted to the placement
and routing system 401

Fig. 6 is a circuit diagram of a circuit cxample represented by the
circuit connection information inputted in the step 501. An input
terminal of a low power inverter 604 is connected to a terminal A, and an
output terminal of the low power inverter 602 is connected through a
connection line Al to one input terminal of a 2-input NAND circuit 603.
The other input terminal of the 2-input NAND circuit 603 is connected to
a terminal B, and an output terminal of the 2-input NAND circuit 603 is
connected through a connection line A2 to one input terminal of a 2-input

NOR circuit 602. The other input terminal of the 2-input NOR circuit

602 is connected to a terminal C, and an output terminal of the 2-input



aligned on one straight line, and a substrate contact cell for 35 24 June
2003 connecting a first power supply voltage and a second power supply
voltage to said sem conductor substrate and a well fornmed in said

sem conductor substrate, respectively, is inserted into said standard cel
array at predetermined intervals, at |eagt one for a predet e2diluned2Gi3nber
of standard cells. 3. A standard cell placenent and routing processing
systemconprising a library file which stores information of various

st andard cel NORagincwit 60 thcennpetedehraughvie cosngpion distenddato an imput

di ffused layer, an_input termnal of a first |evel metal and an output
terninal of tefmingl rek aneveveriet £01.a Air Qutput dprBERaloRt| theodnkesteh 15 | e

shlch Stores, cLeul EoMEtion, 1oL o8, Of Bt Si SueodeuelonEh o
h I . i . f whj ¢h
oo A0S, IRV BB IR Sy AT L0 ) PR BB, o
i LS . i i i ,
el LS o BB Eal e VEShe R BRGSoPshid RGN,
standard cel 1St oo O LGS, e % bl NAND efROSSitPe o
, by utrfizing

i nformation éb%%ﬁi\/gﬂ& %ﬁryolf illeﬁge(?wgyconst raint information file and
r ut

said paranmeter file, "and an I ng Ut put”and di spl ay appar at us for

di splaying a histp{y 5@61515@2[ §§#Jdtard’fcell§%oﬂle%§6fiﬂﬂig the BRcaRWonneclol for
externally inputting a contfol command to control said placenent and
routing syst gifiorfatiors igrdad dutefronpithe e@tintibeary fide!t402y amt oleel réad-out
executing a placenment and routing of standard cells by using a standard

cel | pl acenestandazd cellseafd@3senticd rfoutéach peldcasay.nglnsgackemelhaotaycdhpri ses
a library file which stores informati on of various standard_cells each of
whi ch conpri stndargsgbls aradirged én sighia srangesthata dgungdpey lingof thsulN-

termnal of a fjrst .leyel netal and an output term nal of said fif.st .level
roral o o r ol 123 indbEiRpiciie: e selfa Alunal on dnecatght fint in

connection infqgrmation of an LSI to be devel oped, a constraint information
file which sfdF88 W6Wstraint information concerning the placenent and the

routing, a parane i: i - i [ L i a
power supply voltggé Zﬁg%%ﬁﬁ%%gbéb?%§§?B§%@ggggﬁgkpégﬁﬁghgﬁe?%ﬂﬁéqgéggloped
and a sheet i < S g i f I r %g§ﬁ5 fﬁ&? i

system for e§§§’59%gﬁﬁﬁgigfgg hghgﬁgﬁggpﬁgygébpﬁﬁgkggls AN AT ééﬁ*%Qﬂ

sel ected in gheosHiallc @ittt includictc in ttheobRaid @dnnetaominfinidtesn sigi d
circuit connection information file, by utilizing information from said
library fil edeseriminednen rthe rhasinbb thatnwmbérd bE intedcemmnetticn dimes drethicen, and
an input/output and display apparatus for displaying a history and a_result
of the pl acethet smadl tdiscwidstand) anpraxamiéyt plasgment gomstiaint dresntthel

command to control, said place t and routing syste the nethod
conprising: &opsHainty ation s fs@%uﬁgm oSTHBGARA colieRRTESPORdINgRat i on

oM 21 87 R AR S LMD e 5, RS Al i Bl
o oo e gl e S ST ARG
sLanderd el mgnidonaty i ¥ R4S G0 SHREHAREnbEP LRSSy

cells includgf 4@ &af '&rﬁil)' tﬁf}é;atﬁdﬁis\‘!é(ﬁ'iﬁd’ tied \A&%l%ﬁ[tﬁ?s' 8f $8é lred G SstREd 4D

arranged in such a nanne espective 24 June 2003 boundary

lines wthindelig sreadetarflie] i sich @amanatatgar £ beahdasy liak off theaNLgiefld on

one straight line in a plan view, a third step of routing signal |ines
between the stidniiaithe aespectivecitadddrd celsiate dlgmbal on anid straight linein a
accordance with said circuit connection information;, a fourth step of
extracting a plantwiew. oThas,vd provgsamah cell arpiylisscompleted.



lines within said standard cell array, and placing a power supply line at
the outside of said wiring area; a fifth step of formng a contact hol e at
an overl appi ng portion between said power supply line and said power supply
termnal of said diffused |layer within said standard cell in said standard
cell array, or alternatively, extendingéﬁhfomer suppl y |i ne 24fJupai2f03

di ffused | ayer fromsaid power supply t inal to said power supply line
when said power supply term nal does not overlap said power supply line,

“and then, form ngna sext siep 103, Gnadrden t0\eaBlgPRx NHe poténtpal GetheeRnwedli d
power supply line and said power supply line of said diffused |ayer; a

sixth step af eicicstaridmti ogll vibetie VDD pattetitiel aadi sisenwe stdblgafid thewer
supply line of said diffused |ayer is not greater than a predeterm ned

resi stance \patertiataf det Priypaisdbstoatst todthetVESfotentialoat {édse pne substrateh st ep
of re-routing said si %nal_ | ines between said standard cells when it is

di scri m nat esnitactsesltl 180xishinsegpdtfioatevene a peideteameisieds ngabdr pdweallssimppl y
line of said diffused | ayer is greater than said predeterm ned resistance
val ue, and ttheprovisignal ¢qll asrayase thanatsmryiaéé;ceéﬁmaﬁ isifgrmpdst ep of

ti t- ted | ti [ j t andar d | | d
S gnal 1 nes. bet NBerSEa: 1 SUFeRRGE &9 il L0%neh ARAWTPRYET AiREDed i n
id sixth st t.hat ~th j st f i d 8 24 J. 200 I
e ot i SEF rROBLOST Sy SRR Sla® S PR ueg ¥y BhudtBRoRORReR PP
st A q . . : wh . . N
reststance valialiy, \SREAREC v, SmR140, R SpBVA B R bR, “BRA A P, |
standard celdgcapiigtpaaA! Rbib@ncBe WRAN Atk GbIfiHbd GRMIRCHACR of the
i nformation, an o€ating sald read-out standard cells into a plurality of

standard celdumbepys cells St REHICHT EEK iﬁcﬂﬁlﬁé&tih‘tﬂe Wﬂdz{?&%@@@é&aﬂ nes

within the standard cells in each standard cell array are aligned on” one

strai ght |ing welbk 48 ®arivueWnfarmacondreddd out efeoni thegRiramdesdild 406) east
one substrate contact cell for every a predeterm ned nunber of standards

cells in eadhchidingathe sleddt msisignce of cheffiest desel thashlyrthei powef sapphdar d
cell arrays; a third sub-step of cal culating a power supply Iine width on
the basis ofvaligge; theioperatieg deequgnchie and the opsrating teMPAEIHEE.cel | s and t he

Then, in a step 704, a routing channel required between each pair
of adjacent standard cell arrays is calculated from the optimum power
supply line obtained in the preceding step 703, the number of signal lines
between cells, rough signal paths, and the width of wiring enabling areas
within the standard cell array.

Thereafter, in a step 705, the chip size of the LSI is estimated from
the standard cell arrays and the routing channels thus obtained, and is
compared with a vertical size and a horizontal size of the chip stored in
the constraint information file 404. If the estimated chip size does not
meet with the vertical size and the horizontal size of the chip, the
processing returns to the step 701 so that a command is inputted through
the input/output and display apparatus 405 to increase or decrease the

number of cell arrays for relocation. If the estimated chip size meets



ki nds of the standard cells included said standard cell array, said power
-supply voltage, and said operating frequency; a fourth sub-step of
calculating the wwdth of a routing channel required fromsaid power supply
line width, the nunber of signal |ines, and signal paths; and a fifth
‘sub-step of discriminating whether or ng% the routing is po24iJuhe2008t h
reference to a chip size stored in said bonstraint informtion file, and
returning to said first sub-step when the routing is not possible, and on

Lhe other hajih eRIrEichginPhd YRE HRAAIRA WHENF Bfe BRI G didpPURSIP!

6. A nethod clained in wher el n sal step |

June 2003 a doniglictd] bmdl @i [Sﬁ)_c@%ﬁﬁggble@@o%adt Boger supply terninals of
said standard cells included in said standard cell array; a second sub-step

of discrininatinFiph8ties patteratdinpeamxéf agicdionove ths wemldartiecell natay

overl aps said power supply line; a third sub-step of extending said power
suppl y | i ne whers dhe pio¢ésssregl of aherstdp 60 sai abmpleted.t dchepmmvertesugadl Y01,
termnal to said power supply |ine when said extracted power supply
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respective standard cells have different widths, respectively, the standard
cell array shown in Fig. 8 has an upper boundary or contour line and a
lower boundary or contour line, both of which are bumpy or unstraight.

In a step 503, the routing of signal lines in each standard cell array
is carried out in accordance with the circuit connection information
stored in the circuit connection information file 403. Fig. 9 is a pattern
diagram of the same portion of the standard cell array when the
processing of the step 503 is completed. In accordance with the circuit
connection shown in Fig. 6, the terminal A is connected to the input
terminal of the low power inverter cell 104 through an interconnection
line 901 of the first level metal. The output terminal of the low power
inverter cell 104 is connected to one input terminal of the 2-input NAND
cell 103 through an interconnection line 901 (A1) of the first level metal.

The terminal B is connected to the other input terminal of the 2-input

NAND cell 103 through an interconnection line 901 of the first level
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within the cell array in the plan view.

Then, the processing goes to the step 505, in which the power
terminals of each cell are connected to the power supply lines. Fig. 10 is
a flow chart of the details of the processing in the step 505. In a step
1001, one standard cell VDD terminal 118 included in the standard cell
array is extracted. In a step 1002, whether or not the extracted VDD
terminal 118 overlaps the VDD power supply line 1101, is discriminated.
If the extracted VDD terminal 118 overlaps the VDD power supply line
1101, the processing goes to a step 1004. On the other hand, if the
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greater than said predeterm ned resistance value, and then, returning to
said fourth step hihthe step §008 essomtget pattedn 1 10 foriteponnpsting betweey et
been conpleted; a twelfth step of replacing said provisional standard cell
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the VDD terminals 118 to the VDD power supply line 1101 has been
completed, is discriminated. If the connecting processing for all the VDD
terminals 118 has not yet been completed, the processing returns to the
step 1001. On the other hand, if the connecting processing for all the
VDD terminals 118 has been completed, the processing goes to the
connecting processing for the VSS terminals 119. This connecting
processing for the VSS terminals 119 is similar to the above mentioned
connecting processing for the VDD terminals 118, and thercfore, can be
easily understood from the above description from the steps 1001 to 1005
by replacing the VDD terminal 118, the VDD power supply line 1101 and
the power supply line formed of the P-type diffused layer 1103, with the
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96( 10% (& ()PlypeOdiffiifed Hayer 1103 for the purpose for connecting the VDD
power supply line 1101 to the VDD terminal 118 that does not overlap

the VDD power supply line 1101. Similarly, the contact hole 1105 is
formed at the overlapping portion between the VSS terminal 119 and the
VSS power supply line 1102. In the VSS terminal 119 that does not
overlap the VSS power supply line 1102, the power supply line formed of
the N-type diffused layer 1104 is formed to extend from the VSS terminal
119 to the VSS power supply line 1102, and the contact hole 1105 is
formed at the overlapping portion between the VSS power supply line

1102 and the power supply line formed of the N-type diffused layer 1104
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In the step 506, whether or not the resistance of the power supply
line formed of the P-type diffused layer 1103 and the power supply line
formed of the N-type diffused layer 1104 is in a permitted limit, is
ascertained. For this purpose, the respective sheet resistance of the P-type
diffused layer and the N-type diffused layer are read out from the
parameter file 406, and the resistance value is calculated from the width
and the length of the diffused layer constituting the power supply line,
and is compared with a permissible resistance value stored in the
constrain information film 404. If the resistance of all the power supply
lines formed of the diffused layer is not greater than the permissible
resistance value, the processing goes to a step 508. If the resistance of at
least one power supply line formed of the diffused layer is greater than
the permissible resistance value, the processing goes to a step 507.

In the step 507, a re-routing is carricd out for making the resistance
of all the power supply lines formed of the diffused layer not greater than
the permissible resistance value. Fig. 12 is a flow chart of the details of
the re-routing processing in the step 507. In a step 1201, the signal line
formed of the first level metal which becomes a bottle neck in reducing
the resistance of the (first-aimed) power supply line formed of the
diffused layer not greater than the permissible resistance value, is
detected. In a succeeding step 1202, the signal line formed of the first
level metal becoming the bottle neck is removed, and a through-hole for
connecting to a second level metal is located at a position to which each
end of the removed signal line was connected. At the same time, the

corresponding power supply line of the first level metal and the power
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@ () reduced by removing the signal line formed of the first level metal, are
removed. In a step 1203 succeeding to the step 1202, the size of the
power supply line formed of the diffused layer which can be shortened as
the result of the processing in the step 1202, is estimated, and the
resistance value of the estimated power supply line is calculated and then
compared with the permissible resistance value. If the resistance value is
greater than the permissible resistance value, the processing returns to the
step 1201. To the contrary, if the resistance value is not greater than the
permissible resistance value, the re-routing for the (first-aimed) power
supply line formed of the diffused layer having the resistance greater than
the permissible resistance value, is completed, and a similar processing is
repeated for other power supply lines formed of the diffused layer having
the resistance greater than the permissible resistance value. If the re-
routing is completed for all the power supply lines formed of the diffused
layer having the resistance greater than the permissible resistance value,
since all the power supply lines formed of the diffused layer have a
resistance not greater than the permissible resistance value, the processing
goes to a step 508.

In the step 508, interconnections that have not yet been connected
within the cell array, are generated, and signal lines are connected
between the standard cell arrays. Thus, the placement and routing
processing is completed.

Figs. 13A, 13B, 13C and 13D are layout diagrams illustrating the
interconnection condition in the standard cell array at various steps in the

placement and routing process. Fig. 13A shows a layout diagram when
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comprises a plurality of function cells 100 having different widths and
each including a plurality of power supply terminals formed of the
diffused layer, and at least one input terminal and one output terminal
formed of the first level metal, and at least one substrate contact cell 105
provided for every a predetermined number of function cells. These
function cells and the at least one substrate contact cell are placed in the
form of an array in such a manner that the boundary line of the N-well in
the respective standard cells are aligned on one straight line in a plan
view. In addition, interconnections 901 formed of the first level metal
are placed for the inter-cell connection. Furthermore, an area of the in-
cell wiring and the inter-cell connections (formed of the first level metal)
within the standard cell array, is confined as an inhibit area 1301 for
inhibiting placement of the power supply line (formed of the first level
metal).

Fig. 13B shows a layout diagram when the step 505 shown in Fig. 5
i1s completed. The VDD power supply line 1101 and the VSS power
supply line 1102 (both of which are formed of the first level metal) are
located at the outside of the inhibit area 1301, and the power supply line
1103a formed of the P-type diffused layer is provided. Here, assume that
the power supply line 1103a formed of the P-type diffused layer has a
resistance greater than the permissible resistance value.

Fig. 13C shows a layout diagram when the step 1202 shown in Fig.
12 is completed in the course of the re-routing processing of the step 507.
The power supply line 1103a formed of the P-type diffused layer and the
VDD power supply line 1101 are removed, and the interconnections 901a

and 901b of the first level metal which become a bottle neck in reducing
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diffused layer, are removed. Furthermore, through-holes 1302 are
located at end positions of the interconnections 901a and 901b.

Fig. 13D shows a layout diagram when the step 508 shown in Fig. 5
is completed. The VDD power supply line 1101 is re-placed at the
outside of a modified inhibit area 1301a, and in place of the removed
interconnections 901a and 901b of the first level metal, interconnections
1303 of a second level metal, the through-holes 1302 and the
interconnections 901 of the first level metal are formed so that the
interconnections detour to pass at the outside of the VDD power supply
line 1101. As a result, a new power supply line 1103b formed of the P-
type diffused layer can have a reduced length and therefore a reduced
resistance which is in the permissible resistance limit.

The inter-array connection is also executed in the step 508. Fig. 14
is a pattern diagram when the processing of the step 508 is completed.
An inter-array connection is formed by an interconnection line 901 of the
first level metal extending from the terminal C, a through-hole 1302
formed at an opposite end of the interconnection line 901 for connecting
between the first level metal and the second level metal, an
interconnection line 1303 of the second level metal extending from the
through-hole 1302 to the other input IN2 of the 2-input NOR cell 102,
and a through hole 1302 formed at the position of the second input IN2
for connecting between the first level metal and the second level metal.
Thus, the terminal C is connected to the other input IN2 of the 2-input
NOR cell 102.

As mentioned above, by forming the standard cell afray by using

the standard cells in accordance with the present invention, and routing
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the signal lines and the power supply lines in accordance with the flow
chart of Fig. 5, it is possible to place and route standard cells having
different widths with no hindrance, and it is also possible to set the width
of the power supply line (of metal) to an appropriate width for each
standard cell array. In addition, the device formation region can be
utilized as a routing channel. Therefore, a high wiring density can be
realized.

Referring to Fig. 15, there is shown a flow chart of another
embodiment of the method in accordance with the present invention for
placing and routing standard cells. This second embodiment is different
from the first embodiment in that, before forming the cell array, cell
groups each including a plurality of cells of not greater than a
predetermined number are formed, and in each cell group, the inter-cell
connection and the power supply lines are placed and routed, and
thereafter, the cell groups are coupled to form a cell array, and inter-
group connections are executed.

In a step 1501, circuit connection information is inputted. Then, in
a step 1502, cells are provisionally placed to form a provisional cell
array. In a step 1503, the provisional cell array is divided into a plurality
of cell groups each consisting of not greater than a predetermined number
of cells located adjacent one another in the same provisional cell array.
At this time, it is possible to modify the circuit connection information in
accordance with to the cell groups thus obtained, and to store the
modified circuit connection information in the circuit connection
information file 403.

Thereafter, the processing goes into a step 1504, in which one cell

group is extracted. Then, in a step 1505, the standard cells included in
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the extracted cell group are read out from the cell library 402, and placed

on the basis of a provisional placement information. In addition, at least

one substrate contact cell is added, and the inter-cell connection is

executed.

Next, the processing goes into a step 1506, in which a power supply
line inhibit area surrounded by an imaginary line along the contour of an
area of signal lines within the cell group is extracted, and then, stored in
the constraint information file. In a step 1507, an optimum width of a
power supply line (formed of metal) is calculated on the basis of the
information stored in the constraint information file 404 and the
parameter file 406, to generate a power supply line at the outside of the
inhibit area. The power supply line may extend in a straight line but may
be bent to extend along the contour of the inhibit area.

Thereafter, the processing goes into a step 1508, in which the
power supply terminals of the standard cells included in the cell group are
connected to the power supply lines. When the power supply terminal
overlaps the power supply line, a contact hole is generated at an
overlapping position between the power supply line and the power supply
terminal. If the power supply terminal does not overlap the power supply
line (formed of metal), a power supply line of a diffused layer is extended
from the power supply terminal to overlap the power supply line (formed
of metal), and a contact hole is generated at an overlapping position
between the power supply line (formed of metal) and the power supply
line of the diffused layer.

In a step 1509, whether or not the resistance value of the power
supply line of the diffused layer extending from the power supply

terminal is in a permissible limit, is discriminated. If the resistance is
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greater than a permissible value, the processing goes into a step 1510, in
which a processing similar to the flow chart shown in Fig. 12 1s executed
for re-routing. If the step 1510 is completed; the processing returns to
the step 1505. When the resistance of all the power supply lines of the
diffused layer is in the permissible limit, namely, not greater than the
permissible value, it is considered that the placement and routing
processing for the cell group concerned has been completed, and the
processing goes into a step 1511.

In the step 1511, whether or not the placement and routing
processing for all the cell groups has been completed, is discriminated. If
the placement and routing processing for all the cell groups has not yet
been completed, the processing returns to the step 1504. On the other
hand, if the placement and routing processing for all the cell groups has
been completed, the processing goes into a step 1512.

In the step 1512, the provisionally placed cells in the provisional
cell array are replaced with the cell groups processed mentioned above.
In a next step 1513, the power supply lines are connected between the cell
groups. Thereafter, in a step 1514, interconnections that have not yet
been connected within the cell array, are generated, and signal lines are
connected between the standard cell arrays. Thus, the placement and
routing processing is completed.

Figs. 16A, 16B and 16C are layout diagrams of various cell groups.
Each of the cell groups shown in Figs. 16A, 16B and 16C includes a
plurality of function cells 100 and one substrate contact cell 105 which
are closely placed in such a manner that the boundary line of the N-well
in the respective standard cells are aligned on oné straight line in a plan

view. An inhibit area 1301 is confined to surround a wiring area of the
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and the VSS power supply line 1102 are placed to extend along the
outside of the inhibit area 1301. Fig. 16D is a layout diagram of the
standard cell array obtained by coupling the cell groups shown in Figs.
16A, 16B and 16C.

Fig. 17 is a pattern diagram of one cell group when the processing
of the step 1508 is completed. The power supply line inhibit area 1301
(surrounded by a thick solid line in Fig. 17) is confined to surround the
internal wiring area. The VDD power supply line 1101 is placed in a
bent form to extend along the upper outside of the inhibit area 1301 in a
plan view, and the VSS power supply line 1102 is placed in a bent form to
extend along the lower outside of the inhibit area 1301 in a plan view.
Because of the bent power supply lines, a further high wiring density can
be realized, and also, the power supply line formed of the diffused layer
for connecting between the power supply terminal and the power supply
line (formed of metal) can be shortened in comparison with the pattern
diagram shown in Fig. 11. Therefore, the number of the power supply
lines formed of the diffused layer having the resistance greater than the
permissible value, which are detected in the step 1509, can be reduced,
with the result that efficiency of the placement and routing can be
elevated.

As mentioned above, by forming the standard cell array by using
the standard cells in accordance with the present invention, and routing
the signal lines and the power supply lines in accordance with the present
invention, it is possible to place and route standard cells having different
widths with no hindrance, and it is also possible to utilize the device

formation region between the power supply line and the wiring area
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within the cell, as a routing channel. As a result, a high wiring density
can be realized. In addition, it is possible to set the width of the power
supply line (of metal) to an appropriate width for each standard cell
array.

The invention has thus been shown and described with reference to

the specific embodiments. However, it should be noted that the present
invention is in no way limited to the details of the illustrated structures

but changes and modifications may be made within the scope of the

appended claims.
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CLAIMS:
1. A standard  cell comprising a function circuit including at least one P-channel

transistor and at least one N-channel transistor; a first power supply terminal for supplying a
first power supply voltage to said at least one P-channel transistor, a second power supply
terminal for supplying a second power supply voltage to said at least one N-channel
transistor, and an input terminal and an output terminal for said function circuit, wherein said
first power supply terminal is provided at a P-type diffused layer of said at least one P-
channel transistor supplied with said first power supply voltage, and said second power
supply terminal is provided at an N-type diffused layer of said at least one N-channel
transistor supplied with said second power supply voltage, and wherein an input terminal of a
first level metal and an output terminal of said first level metal constitute said input terminal

and said output terminal for said function circuit, respectively.

2. A standard cell array including a plurality of standard cells formed on a
semiconductor substrate and located in the form of an array, each of said standard cells
comprising a power supply terminal of a diffused layer, an input terminal of a first level metal
and an output terminal of said first level metal, wherein said plurality of standard cells are
located in such a manner that respective well boundary lines within said standard cells are

aligned on one straight line, and a substrate contact cell for
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voltage to said semiconductor substrate and a well formed in said
semiconductor substrate, "respectively, is inserted into said standard cell

array at predetermined intervals, at least one for a predetermined number

of standard cells.

3. A standard cell placement and routing processing system
comprising a library file which stores information of various standard
cells each of which comprises a power supply terminal of a diffused
layer, an input terminal of a first level metal and an output terminal of
said first level metal, a circuit connection information file which stores
circuit connection information of an LSI to be developed, a constraint
information file which stores constraint information concerning the
placement and the routing, a parameter file which stores parameter
information including a power supply voltage and an operating frequency
of said LSI to be developed and a sheet resistance of said diffused layer, a
placement and routing system for executing the placement and the routing
of standard cells selected in accordance with the circuit connection
information from said circuit connection information file, by utilizing
information from said library file, said constraint information file and
said parameter file, and an input/output and display apparatus for
displaying a history and a result of the placement and the routing and for

externally inputting a control command to control said placement and

routing system.

4. A standard cell placement and routing method for executing a

placement and routing of standard cells by using a standard cell placement
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information of various standard cells each of which comprises a power
supply terminal of a diffused layer, an input terminal of a first level metal
and an output terminal of said first level metal, a circuit connection
information file which stores circuit connection information of an LSI to
be developed, a constraint information file which stores constraint
information concerning the placement and the routing, a parameter file
which stores parameter information including a power supply voltage and
an operating frequency of said LSI to be developed and a sheet resistance
of said diffused layer, a placement and routing system for executing the
placement and the routing of standard cells selected in accordance with
the circuit connection information from said circuit connection
information file, by utilizing information from said library file, said
constraint information file and said parameter file, and an input/output
and display apparatus for displaying a history and a result of the
placement and the routing and for externally inputting a control command
to control said placement and routing system,

the method comprising:

a first step of reading out said circuit connection information from
said circuit connection information file;

a second step of reading out from said cell library file, standard
cells corresponding to the read-out circuit connection information, and
locating the read-out standard cells into a plurality of standard cell arrays,
each of said plurality of standard cell arrays including at least one
substrate contact cell inserted for every a predetermined number of

standards cells, and said standard cells included in each of said plurality of

standard cell arrays being arranged in such a manner that respective well
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boundary lines within the standard cells in each standard cell array are
aligned on one straight line in a plan view;

a third step of routing signal lines between the standard cells
included in said standard cell array, in accordance with said circuit
connection information,

a fourth step of extracting a contour of a wiring area of said signal
lines within said standard cell array, and placing a power supply line at
the outside of said wiring area;

a fifth step of forming a contact hole at an overlapping portion
between said power supply line and said power supply terminal of said
diffused layer within said standard cell in said standard cell array, or
alternatively, extending a power supply line of said diffused layer from
said power supply terminal to said power supply line when said power
supply terminal does not overlap said power supply line, and then,
forming a contact hole at an overlapping portion between said power
supply line and said power supply line of said diffused layer;

a sixth step of discriminating whether or not the resistance of said
power supply line of said diffused layer is not greater than a
predetermined resistance value stored in said constraint information file;

a seventh step of re-routing said signal lines between said standard
cells when it is discriminated in said sixth step that the resistance of said
power supply line of said diffused layer is greater than said
predetermined resistance value, and then, returning to said fourth step;
and

an eighth step of routing a not-connected interconnection in said

standard cell array and signal lines between said standard cell arrays when

it is discriminated in said sixth step that the resistance of said power
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resistance value.

5. A method claimed in Claim 4 wherein said second step includes:

a first sub-step of reading out from said cell library file, said
standard cells corresponding to the read-out circuit connection
information, and locating said read-out standard cells into a plurality of
standard cell arrays in such a manner that respective well boundary lines
within the standard cells in each standard cell array are aligned on one
straight line in a plan view;

a second sub-step of inserting said at least one substrate contact cell
for every a predetermined number of standards cells in each standard cell
array, to complete said plurality of standard cell arrays;

a third sub-step of calculating a power supply line width on the
basis of information including the number of the standard cells and the
kinds of the standard cells included said standard cell array, said power
supply voltage, and said operating frequency;

a fourth sub-step of calculating the width of a routing channel
required from said power supply line width, the number of signal lines,
and signal paths; and

a fifth sub-step of discriminating whether or not the routing is
possible, with reference to a chip size stored in said constraint
information file, and returning to said first sub-step when the routing is
not possible, and on the other hand, completing said second step when the

routing is possible.

6. A method claimed in Claim 4 wherein said fifth step includes:
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a first sub-step of extracting said power supply terminals of said
standard cells included in said standard cell array;

a second sub-step of discriminating whether or not the extracted
power supply terminal overlaps said power supply line;

a third sub-step of extending said power supply line of said diffused
layer from said extracted power supply terminal to said power supply line
when said extracted power supply terminal does not overlap said power
supply line, so that said power supply line of said diffused layer overlaps
said power supply line; and

a fourth sub-step of forming a contact hole at an overlapping
portion between said extracted power supply terminal and said power
supply line when it is discriminated in said second sub-step that said
extracted power supply terminal overlaps said power supply line, or
alternatively at an overlapping portion between said power supply line
and said power supply line of said diffused layer when it is discriminated

in said second sub-step that said extracted power supply terminal does not

overlap said power supply line.

7. A method claimed in Claim 4 wherein said seventh step includes:

a first sub-step of detecting a signal line which becomes a hindrance
in reducing the resistance of said power supply line formed of said
diffused layer to not greater than said predetermined resistance value;

a second sub-step of removing said signal line which becomes said
hindrance, and providing a through-hole for connecting between said first
level metal and a second level metal at an end position to which the

removed signal line was connected; and
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a third sub-step of discriminating whether or not the resistance of
said power supply line formed of said diffused layer shortened as the
result of the removal of said signal line is not greater than said
predetermined resistance value, and returning to said first sub-step when
the resistance is greater than said predetermined resistance value, or
alternatively completing said seventh step when the resistance is not

greater than said predetermined resistance value.

8. A standard cell placement and routing method for executing a
placement and routing of standard cells by using a standard cell placement
and routing processing system which comprises a library file which stores
information of various standard cells each of which comprises a power
supply terminal of a diffused layer, an input terminal of a first level metal
and an output terminal of said first level metal, a circuit connection
information file which stores circuit connection information of an LSI to
be developed, a constraint information file which stores constraint
information concerning the placement and the routing, a parameter file
which stores parameter information including a power supply voltage and
an operating frequency of said L.SI to be developed and a sheet resistance
of said diffused layer, a placement and routing system for executing the
placement and the routing of standard cells selected in accordance with
the circuit connection information from said circuit connection
information file, by utilizing information from said library file, said
constraint information file and said parameter file, and an input/output
and display apparatus for displaying a history and a result of the
placement and the routing and for externally inputting a control command

to control said placement and routing system,
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a second step of reading out from said cell library file, standard
cells corresponding to the read-out circuit connection information, and
provisionally locating the read-out standard cells into a plurality of
provisional standard cell arrays;

a third step of dividing said provisional standard cell array into a
plurality of cell groups each including not greater than a predetermined
number of standard cells which are located adjacent to one another;

a fourth step of selecting one cell group to be processed, from said
plurality of cell groups;

a fifth step of routing signal lines between said standard cells within
said one selected cell group, in accordance with the circuit connection
information from said circuit connection information file;

a sixth step of extracting a contour of a wiring area of said signal
lines within said one selected cell group, to register a power supply line
inhibit area in said constraint information file;

a seventh step of placing a power supply line along the outside of
said power supply line inhibit area within said one selected cell group;

an eighth step of forming a contact hole at an overlapping portion
between said power supply line and said power supply terminal of said
diffused layer within said standard cell in said one selected cell group, or
alternatively, extending a power supply line of said diffused layer from
said power supply terminal to said power supply line when said power

supply terminal does not overlap said power supply line, and then,
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forming a contact hole at an overlapping portion between said power
supply line and said power supply line of said diffused layer;

a ninth step of discriminating whether or not the resistance of said
power supply line of said diffused layer is not greater than a
predetermined resistance value stored in said constraint information file;

a tenth step of re-routing said signal lines between said standard
cells when it is discriminated in said ninth step that the resistance of said
power supply line of said diffused layer is greater than said
predetermined resistance value, and then, returning to said fifth step;

an eleventh step of discriminating whether or not the processing for
all the cell groups has been completed, when it is discriminated in said
ninth step that the resistance of said power supply line of said diffused
layer is not greater than said predetermined resistance value, and then,
returning to said fourth step when the processing for all the cell groups
has not yet been completed,;

a twelfth step of replacing said provisional standard cell array
composed of the provisionally located standard cells, with corresponding
cell groups processed above, when it is discriminated in said eleventh step
that the processing for all the cell groups has been completed;

a thirteenth step of interconnecting respective power supply lines of
said cell groups processed above to form a power supply line for said
standard cell array; and

a fourteenth step of routing a not-connected interconnection in said

standard cell array and signal lines between said standard cell arrays.



