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METHOD AND: APPARATUS TO | MPROVE STATI C PATH ANALYSIS OF DIG TAL C RCU TS"
BACKGROUND OF THE | NVENTION 1. FIELD OF THE | NVENTI ON The present
Invention relates to the field of static path analysis of 5 digital
circuits, and nore particularly, to inproved apparatus and nethods for
‘handl i ng mul ti - cy CYEIHG GWSWMW NPT, STATES: PATH ANMEYBIS @Fal ysi s and | ogic
synthesis. 2. ARBICE b ARA LY r—desi-gai-pg—a digital
circuit. 1t Is advantageous to conduct sinmulations with respect to timng
anal y§i s and |ogi ¢ synt hesi s BAGKGRQUND. OF  THE, INKENTHON the circuit

desi gﬁ‘" Aut omat ed sinul ation and timing anal ysis programs have been

devel oped to estimate circuit design performance prior to the fabrication
of the digital ci1r.cui£j£|.§_cnf_manm_nnuprogram referred to as 15

"MOTI VE"[ err] has been de ed %@ Desi gn Techno g of Camarill o,
California to conduct tini &ﬁ&'ﬂ %fﬁ'ﬁk&;&%ﬁ@d'emtﬂﬂa& pathanalysig of | ogi ¢

synthesis progy armgnar aenusarahem&e péahicuiEtly Ot6Gmbroved apparatiF B mBthods for ' CU

desi gn. Wien so doin must consi der whet her one circuit to I nplenent
a given functi on hapd gmwﬂcmmammmwatmmummmmb apdiagic n a
subprogram 20 tos;}ﬁ{*]‘gg?m timng analysis. Generally, there are two kinds of
| ogi ¢ sinulation. Trst type Is that which is purely functional and is
sonetinmes called zero delay or "unit delay", such that the exact tim ng of

each gate within a di gital circuit is not considered in the sinmulation. The
ot her form of Iogq'c S ives the 25 simulation of the delays of
each logic g and the gehed ";&aé ﬂal%f Niis g‘?ﬁﬁ%goﬂﬁ,lc\sﬁdﬂ certain

Iocatlons W t |nthe circult. IS_ COI’] yeo stnulatton Is
‘commonl y known assitulatiinsgvithagspectto timiing analysis and idgioysynthgsis piomtolti i on

attenpts to deter ethe | apest, el ec S, 1N i tal |rcuit. A
variety of patterfﬁl? ‘°'}8“§§°%£ﬁ’§q9ﬁ‘]g§ é"'{? L’ 'B'Q qn&n?ﬁﬂg E’Eﬂ'ﬁs"’f or .
purposes 30 of girsgth &Iﬁ%dﬁﬂ%ﬁ@ﬁ%&bdﬂ&ﬂgﬁbﬁomﬁ%&%ter
The use of ti mng |ogic sinulation requires a significant anpunt of program
time, and it is rib% gﬁ%m:@non of the digital circuit. For example, a program referred fo as

15 . "MOTIVE™ has been developed by Quad Design Technology of Camarillo,

California to conduct timing analysis of proposed digital circuits. Logic

synthesis programs often attempt {o lmprovq-the performance of a circuit
design. V\;hen- so doing, they must consider whether one circuit to implement a
given function is faster than another. Hence, they must contain a subprogram ’
20 to periorm timing analysis. .
_ Generally, there are two kinds of logic simulation. The first type is
\_ that which is purely functional and i§ sometimes called *zero delay" or "unit
delay”, such that the exact timing of each gate within & digital circuit is not
coneldared in the simulation. . The other form of hgic simulation involves the
25 simulation of the delays of each logic gate, and the determination of when
signals arrive at certain locations within the circuit. This second type ol logic
simulation le commonly known as "timing loglc simulation®. Timing logic -
simulation attempts to determine the slowest electrical paths in a digital circuit.
A variety of patterns of zeros and ones are provlded to the circuit for purposes
30 of simulating data pattens which the circuit may encounter. The use of timing
logic simutation requires a significant amount of program time, and it is possible
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that if a part'i"cul ar data pattern is inadvertently not tested, .t he worst
path In terns of delay will not be detected. Static path anal ysis was
devel oped-as an Inprovenent to timng |logic sinulation, wherein all

possibilities of data paths are evaluated in one 5 static pass through the .
proposed circuit. tHat ibaparnticalaedsth patierhiisinadvértentip ngtiested sthis Wdirst PalEfoUs
| -circuitry

ogic, where the .

output is purely a function t ¥
time for the signal to be d?@@%h&?h ngﬁ&%ﬁa%ede%gﬁglgggg %‘A@P‘ﬁ“@'&‘g'@;‘g “ﬁ@a{y
sequential |ogic l6gic smamﬁmrmampossmumberot data'Falho arelsvalubidl inRhe

efficient design of a circuit frequently requires. the use of multi- écle

paths (MCPs) w cistatispassdbroygh thepropesed tnémaahemaoegt siaticpath ans

dat a pattens need not be Inputted into the circult. Al
conprising the ci r'Ei!ﬁ‘Q"ﬁ@e'ﬂM“d@Hb?ﬁ?m&Tbl national |

esumes hat o of dhine Aol e RUTHE v

wi thin one cycle. cirearycionprisin P%@HM&MM@%M&#%&F

conplicated by the eX|stence 0

ﬂq%qéfgﬁ%ﬁlt ﬁ anot her

logRINhERY the
mul ti- cyel e pat hs.  Current approaches to

handl i ng nul ti - cycudpytds perelyrifunctioniof thetinputs gt thaangment (plus gomergelay &ime tor

the stati o potn arEppel ef B iR e SFRAHSRLeof R

timng anal ysisp sokhere'sdmievabmaryitisibrirgsmiy Béam Frﬁeiﬁost\emeteﬁpde

digital circuit is a nmulti- ccle pat h t akl ng- élsles
the designer to .| desauently %MM'WUWQ

gt o
siji otla d?acun n a

| s necessary for

HMQH&)&NMOJI compiiser eat e a

| naceur at e St a1 c SHPRY Ok FarbRRERR b S %!t@“ste%?%é"%tv%i‘jﬂg@ma

mul ti-cycle, when firhe. Hofmér. stan@pém ahalyﬁdoeéum that a%?\ﬁgl '?m ptdpaahe from
erore

mul ti-cycle path In:a zero delay 25 sinmulation Is rea

actual 'y in a val ienesseguentialsiement to anothex;withinoaecydle, msgrdmgim Statlcéipt'l‘m

noti ng approa 0 0 t war e ne which
paths on a des{}' 3&'%?4 FG}ﬁ?&rST@oloer%ﬁp@g%%gg%éfg%" °FF'["ﬁ h‘lﬁrﬁ? ‘cycle -
ls 25 nanoseconds a si ngl eCopentcapprddehesio ﬁﬂltﬁﬁgﬁﬁﬂlﬁ&ﬁﬂ@ﬂdﬁhﬂaﬁd@t@i& nore .
| nportant to optinize than a two cycle path. taking 40 nanoseconds, 30 but

~ there I's no nec harﬁ@hﬁf&ﬂﬂ%ﬁd’@ﬂmﬂéﬁ inadequale:  Eonexample; in M%thad raetbedu nt-.
called exception noting" » the static path- analyste program allows a circuit -

deetgn_er to nolify the timing _e,ne,lyslsf,soleare. that a path (say from point A to
20 point B) in a digital clrcuit Is a:.multt.-ey_cle‘-peth-ta'l't_thg:fN-cyele's;f--_'lt is necessary
for the designer to identily each such.multi-cycle path’r’heh'tt'elly-. and'cre_ete-'e

file listing-all MCPs. This process is error prdhe'."End may lead to an inaccurate

static timing analysis if the. designer claims: that a path Is multi-cycle. when tt in
factis not. In edd'tion. it a value froma: multl—cycle peth in azero delay

25 simulationis reed before tl i actually ln a valid state. no error will be detected
Also, the exception noting eppreech does- hot’ asslst Ieglc synthesls software fo
determine which peths ona destgn are really tlme erittcel Fer exampte. iHthe -
clock-cycle Is 25 naneseconds. a slngle cycle path teldng 30 nanoseconds is
much more Important to. opttmlze than: a two. cycle peth leklng 40 nanoseconds,

30 but there is no mechentsm for the synthesls Sott\tlere to teke this into. eweunl
The synthesls settWere wtll therefore. attempt to brlng beth peths into



The synt hesi:s software will, therefore, attenpt to bring both paths Into

¢ - 2- conformance with the 25 nanosecond limt. The program MOTI VE[err] is
of the type which requires exception noting for nmulti-cycle paths. Another

prior art method Ewam&ce'w-ﬁue 25 paagsecend limiti The aragsamIMOTIVE ™ is gb thtens

from many circui ; ' L 0Q.:.dj g £l ops" to 5 break the
pat hs into singl e&y?gc tgagg%gg% gyceﬁg%\agtr"w ?’hﬁh&‘!“ﬁoﬁ'k’ﬁf physical flip
flops into the circuit to iAnether phicr aEbthod knBiR asi*RtthAnseridr® efid ts adds
addi tignal cost and hardware size, and degrades performance since flip

flops cofisune ar e UBhEYGR RS Tramymany eirouits by ahysigally-addingrdigital "ip dlops™ttbey do

>y | oy reuit desi ane .
ol uctant to 18- Breakfb pafie b Yinbl® dvele Seoffetts, BMgvet. e BN B dhvieal
program However, fiipifiopsdrto tHe dirttit fo brasie tid mth ﬁﬁﬁﬁol%ﬁ@l@ ¢RI segfienisSitgY amoNg

the simulation, timng analysis and | ogic synthesis of t'he design, since
all of the prografgdiicnal castiand;hardyare size, eeé/)dmreda perinroagnee singe tiipdiops i p

flops as valid ci ' il ] escri bed, pr. esent

i nventi on provi de%%ggﬁ??@%gﬁéﬁﬂ#%agﬁ?gq ?J?‘éa@e“i‘ﬂ@"p YGPMRhce of
static path anal yebmﬁmtawifdimnmpwma%iraﬁﬁ%aaieaﬁnwstd?awiytugwéﬁ{Fo pat hs
in digital circuits. The present invention inserts conceptual® devices
referred to a30"pisartihem merey ioassistingtaticipath analysissprogract rideweavernihe isecofc| e
pat hs I nto singl ey on_behavyi or, of the, path breaker

c . The, sinmul.ati . the p >
|s such that all aag%'eigge{dg}' Qgﬁipﬂvld%fgpgl%g%aglpng@e SMEIRtPR.irhipg RBaYYS ves
an unknown resul t and lgidsyntifisis df MeLddigH) shcd i of @?fb it
significantly i rrprov.evsa static path analysis for gi'g tgﬁl rcuf’?ysi,n uésre] re
awei ds errors i nheapable phrecagnizing thediip flopsiay valid eiscuiteompbnentss i n t he pri or
art. -3 - -4- . \
As will be described, the present invention provides apparatus
15 and methods to increass the performance of static path analysis by avoiding
problems associated with multi-cycle paths in digital circuits. The present
invention inserts conceptual devices referred to as "path breakers" into digital
circuits to convert multi-cycle paths into single cycle paths. The simulation
behavior of the path breaker is such that ail access to a muiti-cycle path at
20 incorrect times gives an unknown result. The present invention's use of path
breakers significantly improves static path analysis for digital circuits, and

avoids errors inherent in static path analysis systems known in the prior art.



SUMVARY OF THE | NVENTI ON The net hod of the present invention relates to a
digital ~circuit design, and nore particularly for conducting static
path analysis on an integrated circuit that contains nulti cycle paths.

The multi-cycle paths are defined as combinations of circuit elements in
which a signal passing through the conbination. exceeds a single
clock cycle. To conduct. a static patk anal'ysis on a particular
integrated circuit, all. IﬂgdﬁMp ‘ﬂd¥‘¥%'“%ﬁﬁﬁﬁ¥f6h bet ween circuit

el enents are detected. A patfcrteurtHreaker—1s |nserted into nult|§pycle
paths to- convert a mul i aths into =sin C e pat hs™ The
path circuit breakerL‘thse ecté'r? ég'rh%l?’ﬁﬁﬁni%lje??é?ﬂt Y?JB s Bnﬂuctl ng
static, pat hdlgma:hy.mslfl'amudnelaign Iognd mptteheq)ai:t:.atslarmrfﬁoﬂed on
t he integrat t C t-he
pat h breaketre’gndﬁ %ﬁ’gl S%&&(:% ?c;\hga%as&pseir% rrre?fpo’ff"ﬁéééffé&s]té#g% ?Fst to
generate a stbQquqntauna muttxnczsbeppathSLlsﬂne it iseasorie npathést
does not conpaien qbi#g el *&sc'c!o%ﬂ:.tn 1%31%90 ﬂ@&‘ié’eléﬁ?nltsgelﬁx&ﬁi?&hon '

i st denotes all path breakers. n the exceg timn
anal ysis i s Per Fégnad, rasgips tﬁEIEPBBU|Fh§|nﬁP@P Bﬁtignsa?¥§ﬁﬁ€§or§

fabrication gawg Q%fﬁlﬁﬂkﬂ yélngﬂd“tdﬁﬂuétsa withkaet gdtn Q@ﬂ&ﬁ?sﬂ§| path_
br eakers. BRIEF DES omchg

| P T a1 ngohheascHAERLECaP oot SREOHRPLERe(CLRCBhES orbbbi R LhPEYH

present. |nvepaths 1Bcated  : between circu;t elements are detected.. A
path c;rcult.breaker is’ inserted,into mnlti—cycle paths- -
to convert.. a113Imulti-cYclevfﬁathsw“intO' single- cycle 1 N
paths. The path circult breaker is a conceptual circuit
element used for conducting statzc path . analysis.

 Traditional ‘logic synthesls .is performed ~on the
integrated c;rcuzt' to generate'“a flrst net list
- including' the._path breakers. " ‘Post-’ process1ng is
_performedjon-the.first'net*lfSt“to ‘géneérate a second net
list and an‘exception“list' The'second-net:liSt does
not contain the. path c1rcu1t breaker elements, and the-
exceptzon llSt denotes all path breakers. Based on the
'exceptlon llSt timlng analy51s is performed and if the
circuit simulation is satisfactory, ‘fabrication may be
completed using the net list without the conceptual path :)_
breakers. '



FIGURE 2 .is a bl,ock, diagram and ti m ng di agram of the conceptual structure
and operation of a path breaker. FIGURE 3 illustrates the placenent of a
path breaker in a nulti- 10BRIEE| DESCHIF P eTHEt DRAWINGS Ccycl e path
into two single-cycle paths. FIGURE 4 illustrates the case where a path
breaker i's inserted into a multi-cycle path, and wherein there is also a
singl e cycle path between gy i ; .

NOVENCLATURE The detail ed 'glg%gtﬂs%ﬁ%f‘%“%baﬁ@%hé\lg ren?gr?tféglafargel y in
terns oQ_“(.aI gor i t hemsplayat! isyonecdmhodiment @t thet present vedtionper at i ons on dat a
within a5 conputer nenory, and/or activities of a human circuit designer.
These al gorith?n' c descriptions and representations are the neans used by

those skilled in data procpﬁﬁ'r ; | Ve onV, t he
substance of their work to o ﬁ?g%ﬁlﬁegﬁ&r?%agﬁﬂg &%&’rg&g@rtﬁ hmis here,
and general |y, coconeeptaal structure and opérationos & pathtbrddker.sequence of steps

|l eading to a desired result. These steps are those requiring physical
mani pul ati ons of physical quantities. Usually, though not necessarily,

these quantities take the i ti i |.s capabl e of
bei ng stored, transferred, é&%?%é ,sg'g{g%‘gg‘?@a?&ﬁ%%?ﬁ@hﬁ?gﬂ%éﬂiapmﬁ'g't ed.
It proves conuMenieytle pedth to edAverPthemuliieydie’ pathlintodwd Wirigldtydi@ pETAS. 15 Uusage,

.torefer to these signals as bits, values, elenents, synbols, characters,
terns, nenory cells, display elements, or the like, It should be kept in

‘mi nd, however; that all of I, 2 er re . fo be associated
with the appropriate physi %ﬁ%gﬂ%@gg’gﬁéag r'@%%eﬁ}ﬂ gfﬁ’ﬂ%&ﬁfééﬁeqeabel S
applied to these igteamutti-cytle Péth, and wherbin'th&ralis alsb@ SRgle kY18 pattiBetweed O med
are’often referred to In ternms, such as. detecting, scanning, adding or

conparing, whi ch Gifcuit glamams.y associ at ed
15 |




with mental- operations. performed by a human operator. No -such capability of
a human operator is necessary, or desirable in nost cases, in any of the
operations described herein which form part. of the present invention; the
25 operations are machine ORBTR es for perform:ng the-
operations of the present in Siaime mele _ parpese digital
conputers or other simlar -devices. In all cases,; the distinction between

t he met hod operations in operating a computer and t he met hod of corrput ation
itsel f should be not é@ieMlepmonmltfnﬂnwsislmtmteddargum%mws for

t 30 { | ect | th
?ngg;gn: (r:]gl : chen?c'ggaymgrﬁ\? |s(¥5{&°§‘?%89§5g \a§°€é?ﬁp§?§‘°ggﬁgr‘d3&eéy(‘mﬁé physi cal

si gnal s. The @ﬁ&t by f erformng
t hese oper atl%nsﬁa 'S rgppaf/;{ali}gleﬁgélﬁrgigéggﬁ#&%@iﬁgﬁ%@eﬁ%ﬁ t he

requi red purpos ea!gumthmic desgriptionsrandaepresentations ave theomeansoged by those

sel ectively actlv reconfl ured b uter program:stored in the
computer. The 5 %ﬁ tdrﬁ %is@%[ é%%?tﬁ%ag‘g'eWﬁWg}eéﬂbFV“%thb to
any particular CQH&%%{he‘?isl@ﬁéﬁﬁt aratus.. In particular, various general

pur pose machi nes may be used wth t € teachi ng herein, or it may prove nore

convenient to constru'utalgonthnspdmralanﬂegtnamﬂweﬁmewwt@bsfﬂmﬁ-ﬁdﬁeisfeaqw red
nmet hod steps. The re U|r {epéture for, a variety of these nmachines wll

be apparent 39 orr??‘“’@ Eﬁ" ing i a desicad result,y teps e thosegequjring

particul ar progrﬁgggi ]g?% t r g out the

various procedure dﬁgcrl g?gﬁﬁh Fgﬁél}gﬁilﬁﬁ gg?%lﬁdt%%PﬁWoﬂe fact that .
not all Ianguageaemaanlymtguemm{akambmdmlm&%ﬂmmb@k& Each \J
user -of a particular cﬂ%ter w |l be aware of a.l|anguage which is nost . -

suitabl e for hi sC3RRdIq g, stored, trapsierred, Gonhinad, FQE'PHF%" pad ofheswise usef ul
i oSt a0t ot BRI AoRESRRplend 8t b, BhniiBf JoRRBRER: 4 RIS

the nonitor is usage, to refer to these s_ngna!s as bits, values, elements, symbols, characters,

terms, memory cells; display slements, or the like. - It should be kept in mind,
however, that all of these and similar terms are to be assaciated with the
appr'opriéte physical"quantitie's and are merely convenient labels applied to
these quantities.. | . '
20 ' Further, the mampulahons performed are often referred to in terms, such -
as.detecting, scanning, adding or companng. which are commonly associated -
with mental operations periormed by a human -operaior. No such capability ot | -
a human operator is necass‘aiy. or désirable in most cases, in any .of the | s
op'erat_ioné described herein which form part of the present invention; the
25 operations are machine'opeiations. Useful machin'es for performing the
operations of the present invention include general purpose digital computers
or other similar devices. In all cases, the distinction between the method
operétions in operating a computer and th_e method of computation itseif shouid
be noted. The present invention relates to method.steps for operating a |
30 computer and processing electrical or other (e.g. mechanical, chemical)
physical signals to generate other desired phy_sical. signals.



systenms which may be used in practicing the Instant invention consist of
many di verse el enents, no detailed programlisting has been provided. It Is
25 considered that the operations and other procedures described herein

and-i I lustrated in thehaGredenpinvemidn M Veiatks 18% 164 eto | osed to
permt one of ordinary sﬁplqll to pragtlce t%? aﬁ?iﬂré\ysl ﬁvent ?ac‘)‘rqgt%%sso much

of it as is of useperatignsmThis7apparatBEmay bEIpeﬂﬂmlﬁEﬁm}d for the-fequiddENTI ON An

i mproved net hod and apparatus i s discl osed havi n articul ar I i cation
when used in conj ’EH{E?%%H" MRy cpmprise ?)8?’??’?'|9H aﬁ%&%&ﬁ'&éﬂ@‘gy e mul at i on

technisdes for di gikaleddrrscdntiguled| uler grd;g_g%fk%g&rt indRe E&l‘ngﬁtbp rh or

purposes of explanation, nunerous et a° suc Speci

‘timng anal ysis, gigughmsmremm@ematalmdaﬂiol;p'restlyan(ﬁtedsbcalqrpaﬂimlarn order to
provide a thorough understa ding of the present invention. However, it wll

be apparent to on€PTURHPT PINeT qpRaEAtS. 'H&F“PH‘?&é’%B%QW’(E"msP@WGHot
required to 10 ?SE'L&SdWﬁgtﬁéfé&% h&r6i, o f7na combABAGS: Vel |

known el ectri cal cuits and struct es are sho |n b |agran1forn1|n
order not to obs ccmstrud:tenm@eciaﬁaed\appamm to paﬂcmnnrreﬁqirsdmetm&mepusl y
di scussed above, in de5| n a digital circuit, it is advantageous

conduct si mul at i ohR® W‘PH e "P’oa Yariein-@f these Hachineswill be gpearent f'@@/ﬂ"@hem s
prior to the br rcuit. A5|IIustrated|n Figure 1, in

t he presentlyigre errgg&e%eg%hn of the invention, a circuit designer
designs a circuit using "path breakers" to convert nmulti-cycle paths in
the digital circuit into single cycle paths. As illustrated in Figure 2, a
pat h breaker 10 operates in a simlar fashion to a |atch, and the

J nul ati on behavi or of the path breaker 20 10 is such that all access to
amulti-cycle path at incorrect tines gives an unknown result. In practice,
the timng anal ysis behavior of the PODINGeDEFAILE i s such that a timng

anal yzer operating on a circuit containing path breakers only detects
single cycle paths. It is inportant to note, that the designer inserts

No particular programming language has been indicated for carrying out
the various procedures described herein. This is in part due to the fact that not
all languages that might bé mentioned are universally available. Each user of
a particular computer will be aware of é language which is most suitable for his

20 . immediate purposes. In practice, it has proven useful to substantially
implement the present invention in an assembly language which provides a
machine executable object code. Because the computers and the monitor
systems which may be used in practicing the instant invention consist. of many
diverse elements, nb detalled program listing has been provided. itis

25 considered that the dperatians and other prpcedufes described herein and
illustrated in the accompanying drawings are sufficiently disclosed to permit
one of ordinary skill to practice the instant invention, or so much of it as is of

use fo him.



a plurality of path breaker 10 devices only in the circuit design, and that
the 25 path breakers are actually conceptual devices which 1In reality
are never fabricated onto the circuit. The path breaker includes an input
port D and-an out put port Identlfled in Flgure 2 as "Q' . The conceptual
pat h breaker 10, further |iRDETA ESCRIPT _OF THi ' g ed to the

i nput D and to the output %W Iatch 14 MhICh ‘has - preV|oust‘-een cl ocked

by the system ¢l ock 30 imveﬂtm@ﬂm andiapparatus is disclosed having parioviar D

it hErSY'eSFiqueﬁ'Faml'isﬂm L N N e
conparator 12 gensiratitiohtechrias fuhdigital et isighd th the ioll@wrhﬁ ;{xif:ﬁ‘)fo$ and

coupled to a flip.flop 14 with an asynchronous preset.
14 is coupled to PH@°§%P’&W@"€@W nymerquscistails ara setffortthsuch asps;idciiip tiining S

coupled to-a mult}j n%g%gr .;.wggagaﬁx\?g&%gkgure %@Pqﬁ%eaaintq{gerdpmﬁége

val ue of the curre 0

cl ock cycl e, thenalthtiroogiﬂwmtaﬁdl oﬁhﬁlﬂrﬁé‘enﬂﬁeeﬂloﬁn it i pbO | i ne 16
which results In flg&eflo .14 -l-at e provi di-ng a S|gnal (diff B)

to multiplexer 1g2PRAreRtiR °Péﬁﬂl'?ﬂl@r‘h§rﬂﬂt*m thesocspeciycuuans aretrivt raduired e Of

signal diff ot h I (o Vi OUS,: aI ue of D and
provi des t hi sB1 val eamfo& {phgrl 8'“ ﬂrﬁeﬁﬁ"e 'Iii'sotﬁ{}g?sqgfﬁé weil 'é‘ii’t"' g%rticalsr D has
differed during ttircuitslandlstrogiodes ake ehovirin LMOR\Giam SmiM Gtehot t&'8Bsckd P
flop 14 provides %ggnal di.ff Bto the nultiplexer 18 which results 1n an

unknown val ue (X) JUPSIH iyeniien unegcessarily. | be noted that only where the

t d | th kno -
coupl 6d 1o port. @ A t1m nas Sreubuaf Baclloshd aBovel in heerie Bhel Broat® 15
breaker 10 gi ven advangayeoustdcoﬁduatl gnalatighs witH Fbspe@its itlin angygr.g ahdl ﬁ,ilafylgl ng

0

fromlow to high and backtolowaa;un illustrates that he State port

Qis driven t¥° t hW¥YTHRSIfRGPrde thectabrigationiof the.citcuty. Al diustratedss Filgure/m dhthiehe

current val ue of have ot been_eguj valent. In
summary, the outp t l"t’ﬂg’g)ggh@@ﬁ‘% ? ©|tgveq ﬂ%‘l%?wc%ﬁgﬁ signgca
i nput t ed. si gnal " atirquitnsinig mhmeamssﬁfﬁbnl?d&hdﬁ“cfcld%ﬁhﬂipﬂté d?é‘Hl Sfcditl OF -
exanple, a Iow st at e& [f the inputted state:at..port D changes or exarrpl e
to ‘into single cycle paths. As illustrated in Flgure 2,a path breaker 10 operates

' i a ‘similar lashion to a Iatch and the slmulatlon behavior of the path breaker |

20 10 is such that all access to a rnulti-cycle path at incorrect times gives an

o unknown result In practrce. the timing analysis behavror ot the path breaker 10
* is such’ that a trmmg analyzer operatlng ona carcurt contaimng path breakers:
only detects single cycle paths It is rmportant to note. that the desrgner inserts
a plurallty oi path breaker 10 devrces only In the circurt des-gn and that the -/
25 path’ breakers are actuaily conceptual devices which in realuty are never
- _' fabricated onto the circurt The path breaker inciudes an lnput port D and an
' 'output port identrfied in Flgure 2 as "Q' The conceptual path-breaker 10,
" further includes a comparator 12 which is coupled to the input D and to the
output of a latch 14 which has previously been clocked by the system clock
30 such that it contains the value applied to port D on the prev:ous clock cycle.
Comparator 12 ccmpares the current value of D wlth the previous value of D



high) there is a period of up to one clock cycle where the output goes
unknown (X), and this represents the tinme In which the signal n1ght be

i hr ough | ti:cycl h. he
e ned t He. sansap ke Vejed S nfi ol the Shmgabiioe P gnergiol 3 Aomm whbh: o
changes' to match {gppiiedis kreche )ahdlaemsnecﬂo Jh?ﬂBéW mﬁ#ﬁksé néfrohSus

desi gned such that the end of t unknown peri od I's the |at est that it
coul d possi bl y hapeesetikamstionn, ﬁvpéiogﬂdlis mwtmthe systgm elogkl and!bqoutpupatt hin

bper atton of 30" P MEBR7E RRbRd b NhunBlkot WS het e h Hin %, A% sa e
10 is concept ugl i.a.etmecauaéanﬁea&rémgeSI 1P i BFD o frdlaiplact neen

multi-cycle paths ina 9 - . circuit the
never actual |y f ablockeyadal thern tha comparator 12:appltas the sTml (ditf p) teelired 1§ Wwhichng

the path breakers in aths o esigned circuit is to ensure
t hat subsequent sf%"f"h% "Byﬂh"paﬁ%fa}‘g?& da‘T'{)HPE'gggﬁt%f (diff B} Jamultielexer | |

find only single Ggg der of ! Fi gure
1, once the desi gngr ut| | zes eztoatr? co(fkccgclaut e%ﬁi‘ﬁégg&dg{y@'ﬁ?%)ﬁ?ool s to
desi gn the circui multiplexor 18 selects nm:ﬂwehsnwkaiasof D/aad providdsahisvaioe tb pet@.are
multi-cycle paths in the desbl? bI ock %O@then functional sinmulation and

editing of tha0de¥; Boweverdhe valye &t diffqrad dyringth Bs‘ﬂ‘?ﬁkl‘iycbrf@"%meed
enbodi nent, the c

such that once tth%k;yg%gthl?lgﬁ??fﬂ"taﬁg"%ﬁdrd;ﬁ f"%.‘"é"*éégg’\‘n%é’i'ﬁg?‘? ‘WF"’P‘EQ a Iog| C
synt hesi s pr ogr amwhjchtrasidtis rean uhinosr vaile (X) applied 1o port Quelt Mlkhu)wadmmer
(block 34). It is co n for |ORIC sgnthems software to translate high

hevel descri pti on8n¥WherR the quErefbancpreyioys values ptp héY? dfieredds Sanknowd o
specific cells foygfle\ ufled t&ﬁu‘l R"tiﬁfir?er rthgiﬁ‘zli th8 opRitb of fth' S

well 15 known, logic st/ esi s software eS| gner to operate at a
functional | eual brehket 'rmgwemapwmﬂr cidek ﬁgnﬂ?ﬁ,mm!a signatrat poit@chargingt he
synthesis  tools, thereb | aci ngmmanual

rrouit destgn miPREY W ioh A3 Aask oyt SRR sksies et 104 FiEia ROBAI ¢ hat
the steps i1l ustFgheth fothé Litkiown stath 3x) ShifHlifigRhose times in which the current
' value of D and the old value of D have-not been equivalent.
_ In summary, the output of the path breaker 10 Is consistent when
20 the inputted signal at port D staye the same over multiple clock cycles (for
example, a low state). If the inputted state at port D changes (for example to .
high) there is a period of up to one clock cycle where the output goes unknown
(X), and this represents the time in which the signal might be propagating
/ through a multi-cycle path. After the input to port D has remained the same for
25 iwo or more clock cycles, the output at port Q changes to match the inputted
level at port D. The path breaker 10 is designed such that the end of the
unknown period (X) is the latest that it could possibly have taken for a signal to
get through a multi-cycle path in the circuit. |
it will be appreciated that, atthough the structure and operation of
30 the path breaker 10 has been described, the path breaker 10 is conceptual in
that although the designer pla_ces path breakers between multi-cycle paths in a



edit and conduct |ogic synthesis include the path breaker.elenments 10 20
previously. inserted by the designer in the original design. As illustrated
in Figure. 1, the cirgtipdésigm,ane phath bregher itselhishmvesagtally fabdoatdd/ontba ci r cui.t

design at the cell level including path breakers) is enbodied as a net |ist.
36, using standar Physical girguln The PRFmase of PPSWQt'%%QMP%qf%W‘%f“"Q"ﬁ@P |i st
of a circuit desi WL . ' Q?" o -

(i ncluding 25 pat "}ée‘]gk%\?és%lg@?u‘?@gﬁ %gbégé‘ﬁgﬁ‘e’ﬁ : |rb é%e?/‘?lgtﬁtl%a%m%?‘ r?]lyﬁlaand
anal ysi s’ syst em f qégiosymaesis tedhnicued will findjonlyrsingle eyolé paths. of the progdsed
circuit, since the path breakers wi'll appear_to the standard, ti m'lﬂges””

. anal ysi Is sof t }A@I‘ e as flip fRefgyingengeagain toFigute.d. oncerhe desigper v |
B i 103l 00 ol sl o

breakers to the t ng ana nown ti1mng

anal ysi s sof t war e [ dlgakefsowhere heltslierss thdmvire enultistydid pathsiip tiid designand
since the input loading and output drive of t h;d-pat_h breakers 10 may - 10-
not be the same as(biasls 30).dbemfunctional simulation agd editingiof the-design takes plage | oad

5 may not be equival gnt, t.Q.t he,i . ang QL. of i | ok Y t
' the path breaker. @F“F;ﬁ?fhEPQPB’?%%L@E%%-%%&%@U _rtcgft Eﬁ?a%s?ﬂ?%ﬁ%ﬂﬁg :
anal ysi s may bgg S| ki tinSlichiabBlocks siiciPthay 6nde the dpetatian i the difeeit is ddanted -
anal ysis, a post 5 processor-40 renoves the path breakers 10 fromthe net

list 36, and gener satistactory, alogist synthesis-program symthesizes the,actual alicyih ina wellet
list 44 without h. breaker s - Fi g 0L 4 :
the. path br oaker o EYPELEARTIOPES ST, JEM Efmblan 3 ReRghnBRE B6RIGe 13 fahislg) o
del eting them f f-OnhiE;h-%Jeil bscriphitid/6¥ the Hhctiés BFa phiiédiaPcirdutielérhetihtol - Cycl e |

paths 42, requires the post processor 40 toinitially trace forward and
backward from eachspexific dailedound within 8 cell ierantio implement the lagie. Asds mell of t he

brocessor 40" bbgi nkG e syrthesis sORYER pamiaa FbShE 1 Sparafi 3 thoololl 0%
to C, A to D "B tO0gel aitfthnicdnpiles tHein@ibphEddaaiiption iAfo thbl@aRIGe Bircultustigo W
in Figure 4, this sinple approach would lead to an.error 1 f - _
logic synthesis tools, thereby re_placjng manual circuit design methods utilized
in 'the- pr_io-r'.art.. it will be noted, that the Stgpé..-illustmted. in Figure 1 to sithu’late-,
_ edit.éndﬁ _donducl' I_dgic- synt_he'si's' i_nd_:_iude_ the path breaker elements 10
20 previously. 'inse'r'te.d ‘by the designer in the original design. o
_ Aé‘-illustfated in 'f.-'l.gur_e_:1 , the:output from:the logic synthesis (34)
(namely the:'cir_cuit-design at the cell Ie_vel including path breakers) is embodied
a:s.. a net Iist-.3_6. 't.:sing standard well known techniques for.the generation-of a- ' |
net list of a circuit design. i will be appreciated, that the net st 36 (including e/
25 ﬁath _bfeakers)-bould.ib_é coupled directly into ﬁ.timing. analysis system for
| ﬁurposeé of cdnductinQ- timing ana_ly_sié of the proposed circuit, since the _path .
“breakers will __a'pp'ea'_r: to 159 standard timing analysis software as flip flops.
Howe#er. as shbﬁvn_in Flgu_r_o‘f.-the _;pr_es_erit_ly preferred embodiment dq;es.not-
couple the net list 36 with path breakers.to the timing analysis software. Since
30 well known iimi_ng_ _analysis"soﬂvivarg br_aak's:the- path be_twe_en devices at the flip
| flop, and since i__he _ll.\put.lo_ading_ and output drive of the path breakers 1_0__may
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there was al so a direct path fromcircuit conponent Ato C. Accordingly,

t he post processor 40 nust al so check for unbroken paths between the
circuit elements initially identified by |ooking forward and backward from
a path breaker. neh beitee same a5|thm9teveueersuccse@agsxrmn call| theiepub badmay D, B

theref ore, woul Hovt @Rt kg T Bid 3y eoth b ereusufiecishy ‘f}'gt‘?mza”d

generated by thergaRes. IPisARERRME pdétibid thatifB Pésiits opﬁiehﬁnsﬂ@!n%zérﬁ than 2
cycles’- For each potential nulti-cycle path, the software ch check for

the exXiStence oﬁ"gi'lﬂ! [ssewed. Faimprove thecaccuracy obthe timiog enalysis, apost, one

hr oygh_f hbr eak
Brgure’s, "t ng 1 pipufor ¥l mro5es Pa batibreskess 10 framane peblst BhrARdcsoE e i ol
static path ti nmamngt anahni%yéne?pa&fs V2! Bnd au&isaraﬁ Aol étVﬂﬁﬁﬂdm Ah ibFdakdrs®

supplied to the timng analysis software. Timng anal ysis Fs t hen perforned
on the proposed(stiegFigarect)rcuit wherein the excepti ons (mul tiple cycles)

are duly noted and handl cordl nce 30 multi-cycle exceptlons
are generated only once t ?ng%AQ/WQ"Féé“Q H‘F‘BLP&FF"P $canaing for

simulation, it kfem %o@ﬁ'ﬁb%?hsflgé %Q,WPQ??Q&P%J,'[ X ng {’:on‘{ﬂ ng that

a path is rrul tiple cycle (and hence subjec raints)
when it is not. génerating aglsyqf roiit-cyald patlis 42, telgeirgs theepuist progessobr 40tof or t he

Chroughout the UENECE TRRYRI A LoCMBLAT hach B bspakes d0 18 8 the -
As 11 ustrated, poifiniy tadd'tﬁ&enabmutmme;u%aﬂ@m RS FF }gﬁ& i o the

timng anaIyS|ss re wth the list o ti-cyc pat denot i ng

exceptions). |If rtibmnultmﬁigunrmmyaspust pmessbrstomjm‘amswgh atexspdtb breakéren
fabrication of the %ctual circu be conpleted. It wll be appreciated

that although t =58 éQ%F'Q%R%IﬁfErq AtPCP B 10| G<and:B &1Djas tyasysle gt hart of
i | f
Figure 1, utili HoweleR Postend : n@ﬁgt%wﬁotmas.ﬂﬁyggﬁ oif apqa}%% driov bt ©

nul ti-cycle paths an 'a ne hout stat1c path
timng anal ysi smm;maimdmeacpatmrdmmrm wmmhtmt@c VAdcbraimgiyh ther eakers.

The timng anal %glstsprgggés\é\?zg mvl\.g{J Ll(sjo cil\encksfgrc t?nb?t\)/fert]\t paths between the circuit
elements initially identified by looking forward and backward from a path
breaker. In.the case illustrated in Figure 4, only paths Ato D,Bto C,and B to

20 D are two-cycle paths. Path A to C is one-cycle, and therefore, would not be
included on the list of multi-cycle paths 42 generated by the post processor 40.

_ In general, paths may be longer than 2 cycles. For each potential
multi-cycle path, the software much check for the existence of a "shorter” path
between the same endpoints, i.e., one passing through fewer pathbreakers.

25 : Referring or;ce again to Figure 1, the list of multi-cycle paths 42
denote exceptions for commercial static path timing analysis software (such as
MOTIVE™), which are supplied o the timing analysis software. Timing
analysis is then performéd on the proposed digital circuit wherein the
exceptions (multiple cycles) are duly noted and handled accordingly. Since

30 multi-cycle exceptions are generated only once they have been verified
through functional simulation, it is not possible for the designer to err by
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consider the path breakers as D-flip fI.'ops with no Intrinsic delay, and
with set 15 - up and hold tines equalto the largest tines of any real flip
flop in the logic synthesis library. In addition, the timng analysis

- sof tware woul d f urd¢isiningthat apathistmuifigle oyttle)ldnddtenbes(rb}bct\wwleldxéiﬁumﬁgum to
t he weakest output drive of any latch or buffer in the |ogic synthesis.

library Wth t hes@%ﬂ'@@mw’és&% uhghordingly, the metfwdmttlrp Pteﬁeﬁénmumytnrs

routt - and” such erbbaRIGEAR BB R SRR Ry e bATRISGROT
Acordingly, the preseugheunthetdesigpéimuition sicssyhtHesiShrodedsbs, tining

anal ysis, and their subsequent renover prior to fabrication. would not
create timng i%sues | n theAﬁéllystretad.etheaewstmthmdmatlnbrngkgrs 449 proxided taind

G arcal croutte, (VPG BaeAE soPArR 8 155 aet o BBl Gkt T ddhrlfa ' © ©f
reference (o Fi gur gfoaphafel 81458 ibing indhfsabréviaes SEIRECRrp RebuhBheh Wbty oo

are for Illustration only and shoul'd not be taken as limtations upon the
invention. It |s cofthemgctual ciccuitimay bexcgmpletedges and nodi ficati ons rray be

d b f di L. ln t t..d t. th
Cpiri ¢ and Scope of the T nvil b 2traciafidha dabadah e Hhétent Soggiment,y a 1o
1. An inprovego Mefiiaehté@in menﬂufénaﬂeom@raw iP5l FoR blceleBsorQfd 102N

integrated circuit, said circuit incTuding a plurality of.circuit
el ements, conpri si ggnerate ant exceplidn fisti of multﬁ-oyglerpﬂhs andyax het Irsamﬁthomepatlaen sai d

cjrouit elements, Efaekarhc ) sl RGOS grAEl ey bRisoRRictoRulizingohe net st
single clock cycl eywith paff brobrs rﬁs hnlmgeﬁtaws.sceanwaw wBEa!'h suth Sved! d
consider the path breakers as D-fip flops with o Intrlnsic 'dehla.'y, and with set
15 upand hold times: equal’to the largest llmes of any real tlrp ﬂop inthe' logtc
B synthesis library. - In addrtlon the timmg analysrs software would turther assume
that the output drive (Q) wotild be equalto the weakest output drive of any Ialch
or buffer in the Iogtc synthesis l‘brary erh these ccnservatlve assumpttons,
static path tlmlng analysis ma_y_ be’ completed with the-path breakers _
20 subsequently:r:emoVed- t'r'om--the'-'circuit.' andsuch removal could only improve -
the timing of the circuit.” Acéordingly, the présence of the path breakers during
static timing analysrs, and their subsequent remover prior to labndetron would
not create timing issues in‘the’ fabricated devnce ) - o v
Accordingly, apparatus and methods have been dlsclosed for improved
25 statrc path timing analysls of’ dlgltal clrcurts Whrle the present invention has
been described with reference 10 Figures 1 lhrough 4 it should be
understood that the fi figures are for. Illustration only and should not be taken as
limitations upon the. inventron Ris contemplated that many changes and
modlrcattons may be made, by one: of ordtnary skill tn the art, wnthoul depamng
30 fromthe spmt ‘and scope of the lnventuons described above |
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mul ti-cycle.paths to break. said nulti-cycle paths into single cycle

. segnents; conducting a static path analysis on said circuit using static
pat h anal ysi s neans wherein said path breakers appear to said static path
anal ysis neans as a latch; renoving said bétﬁ breaker circuit neans from
said circuit. 2. The met hod as defined in Claim1l wherein said path
breaker circuit neans is a conceptual Qiﬂiﬂ$l devi ce, conprising: latch
means coupled to an input D for latching a Tirst digital signal applied to
sai d i gput D upon the recei pt of a clock signal; conparator neans coupl ed

to sai 4 nput1 D and tanapmpubPed AEtisld foat Conmtainola SEAWPEE i pathhe
current state of,said si%pal appl.ied to s%gd inﬁét,g)mﬁth_the st at es. of
said first didff3RSEFgndR stdPed iBFegraFata CFLAEEhE, s&AddonPiFSedE neans
provi di ng a seletidingi @naplevahbi byl bifpl ekecuit  sdiethemitgnal capptisiingo said
input Dis oftﬁ@e %§€% State as the sates of said signal stored in said

| at ch neans; sal i pl exer, upon the receipt of said selector signal,
coupling the output olecectingtmnlpioeycle patls -between osapdtcixotitaid

path breaker Lidmants Taaa i 1kiMHYdIY SX8ERY bRY kO é&?&fﬂ}c&&ﬂs Oégsai d
sel ector st angl, £OUPHLOPc "R dGHol s Bk XL (sl CHL R o
said combination éxéeeds a single clock cycle;

inserting a path breaker circuit means into said
multi-cycle paths to break. said multi-cycle paths into
single cycle segments; '

conducting. a static path analysis on ‘said
circuit using static path analysis means wherein said
path breakers appear to said static path analysis means
as a latch; _ |

removing said path breaker circuit means from
said circuit.

2. The method as defined in Claim 1 wherein said

path breaker circuit means is a conceptual digital
device, comprising:

- latch means coupled to an input D for latching a

first digital signal applied to said input D upon the

N receipt of a clock signal;

~comparator means coupled to said input D and to

an output of said latch means for comparing the current

state of said signal applied to said input D with the

- states of said first digital signal stored in said latch

means, said comparator means providing a selector signal

to a multiplexer if said signal applied to said input D

is of the same state as the sates of said signal stored
in said latch means;

said multiplexer, upon the receipt of said

selector signal, coupling the output of said latch means

/

|



3. ~An inproved nethod for designing and testing an integrated circuit,
said circuit including a plurality of circuit elements, conprising the
steps of : designing said circuit and nserting path breaker circuit
nmeans between elenents of said circuit” dB%pr|S|ng nul ti-cycl e paths,

said. multi-cycle paths being defined as conbinations of said circuit

el ements- in Wi g REJUETR) ¥ éahaﬂﬁaiﬁIﬁaéakérg@ﬁicﬁptnaésnghrough sai d
conbi nati on exceeds a 'single clo

|
circuit including salﬁﬁlﬁatﬂﬁiéa?i?xe rCcRefl”t°g"?re§ﬂs ér{%nﬁﬁﬁ??‘ﬂ& sotsf;t ?ﬁl%g

anal ysis of ggaiedtdr @idnalsidunpkiid capaiiiksowh ydigitzhnsaluempX) ngo

pat h breaker CIrCUIt 1ﬁ§%ﬂ fromsaid circuiting and fabricating said :
circuit. ' ‘as defined- by daim 3 further including
the step of proceSS|ng sai-d net list of said circuit, including said-"

pat h-. breake circuit I h
denotlng excé ptions. %éﬁfm5&0q§?gﬁQE§ﬁaefor d%fﬁghiﬁy ﬂ#&liéfeyﬁéeanpat >
further |ncIu@tqyndtedncxr@ﬁlbroeesélngiﬁﬂ&iﬁuﬁanﬁﬁlﬁﬁ 3 pYugpldbyt
includi ng saig¢ RatALE ﬁéngé)gggmﬁfggag%pgﬁelggépgfogald

circuit. mnthout sal reakers he met hod as deflned b¥h Clam

5 wherein said static ?ﬁ%?ﬂ%ﬁ%]y§P§dﬁeéH§¢%35ro9PGed%M%?FE&HQIIP§
mul ti-cycle paidakdieneirooiexaehnisonsetwesh Selemeats! ioft sdidacdreudeuit

Wt hogt pat h l%rmepa}__ esrfxigf%ufﬁndclircéi g pa__i:h_'s,l__.5 said. . ‘multi-cycle - paths
being defined .as combinations- of saidtcircuit:elements_
in which the time for an electrical signal to . pass <

~through said comblnatlon exceeds a single clock cycle-
generatlng a net 11st of ‘said c1rcu1t including
said pathbreaker circuit means; .- - - . - '
' conducting static path. analy51s of sald circuit
using statlc ‘path. analysis meanS°'_ _
removing. said path breaker circuit means from
said circuiting and fabricating said ci:cuit;

4. The: method - defined- by Claim. 3 further
including the step of processing - said net list of said
. clrcuat, including sald path breaker czrcult means, to
generate '_a - list. _of- “multi—cycle -paths ‘denoting _
exceptions. S : N\ _

5. -~ The. msthodjjas_ defined by “Claim - 4: further

including the step of_processingmsaid=net_list of said .

circuitrincludingisaidrpathrbreakers,_to<generate;a net
1ist of said circuit without said pathbreakers. -

6. : The'method.as defined by Claim 5 wherein said
static path analysis means is provided with said list of
multi-cycle paths denoting exceptions, and said net list.
of said circuit without path breakers, for conductlng

Ll AL R



said static path analysis. 7. The nethod as defined by Caim6 wherein
-after said step of designing said circuit said designer conducts |ogic
synthesis on said circuit prior to generating said net |ist including said
pat h breakers. 8. The method as defihed—by O aim 7 wherein said

desi gner "conducts functional logic sinmulation on said circuit prior to said

| ogi ¢ synthesdsid Sstati Qghngﬁggg defined by Caim6 wherein said path
br eaker _conpri ses: Iat%% %eans co fg%'to an input D for latching a first

digital-signal applied to said input D upon the receipt of a first clock

signal; Tomparator MEme fewRbadako ddHihddinby B180f 60 H AP pLy Sal 4
| at ch means, f.or cgggarlqggth current state of sald signal applie ¥o said
t a

input D wit h 33 st3EeP of $19Ring; Faid SFHFEMitt ovaili Mesianent ch
][rFanS,fsai dd@m@t@r Ilm@:(rjn psmlgﬁm atcin'Dr f5§-afz¥3| te@iﬁéuﬁgr?ﬂtéﬁ atatilhi p
op if sai to nput., D.is o e sanme state as e
state of sai @sééﬁ%r&ﬁéa?ﬁgfoé%ddi%eéghs#af%%m;siﬁ@?& pP¥FLT 00N t he
recei pt of a second clock signal, provides a second selector signal to a
mul tipl exer; gsai d nmulgypl u | id.secon l.ect or. signal,
coupling the 8Zut_put o#ﬂés)a%%g?c%@ne%%ﬁ%é aﬁgfou ﬁﬁtégoy%fzﬁdnpaﬁﬂlcﬁreaker
circuit neandesdgnerncepgpeks: Hinetianak hdogécei pimwiation oal esdid

si gnal - coupl icigoUL tIrdei €6 Gldad Mdie dyfitidss@l d output Q 10. A
met hod for conducting a static path analysis on an integrated circuit,

said circuit including a plurality of circuit elenents, said method
conprising 9. . The method as defined by Claim 6 wherein said

L path breaker comprises:
latch.means_coupled to an input D for latching a
first digital signal applied to said input D upon the
receipt of a first clock signal;
comparator means coupled to said input D and to
an output of said latch means, for comparing the current
state of said signal applied to said input D with the
state of said first digital signal stored in said latch
means, said‘comparator means providing a first selector
signal to a flip flop if said signal applied to said
input D is of the same state as the state of said signal
stored in said latch means;
| said flip flop, upon the receipt of a second
-/ clock signal, provides a second selector signal to a
multiplexer;
said multiplexer, upon receipt of said second
selector signal, coupling the output of said latch means
to an output Q of said path breaker circuit means; said
multiplexer prior to the receipt of said selector signal
coupling an unknown digital value (X) to said output Q.

10. A method for conducting a static path analysis

on 'an integrated circuit, said circuit including a

plurality of circuit elements, said method comprising
[ —

AT



- 16 - the steps of: detecting nmulti-cycle paths between said circuit.

el ements, said nulti-cycle paths being conbinations of said circuit

el enents in which a signal passing through said conbinati on exceeds a
single clock cycle; inserting a path brea TCircuit nmeans into said
multi-cycle paths for breaking said nulti-cycle paths into single cycle
segnents; genghgtgﬁg€%1af§t net list for said circuit, said first net |ist
i ncl udi ng said path Dbreaker circuit means; processing said first, net ;list
to generate a second QETAGENGMNLIH SHGIR IRAFRS [ RETVWAR Sa1L oRHEFRET 15 st
not i ncl udi ngetemdnpat,h, dapdkanleireyiclengraths andingi tomtuativhd i 6£°

denoting said_pulti-circuit paths: conductipg, a, static path _analysis.
on said circﬁ?fdiﬁﬁﬁﬁﬂ#ﬁy%ﬁ?&%ﬁ?@'%?nﬁﬁé?ﬁoﬁ“fﬁﬁﬂ zﬂ3?§§§hﬁmﬁﬁkﬁu¥?st
and sai d excepaidnciomdinaduicn resraeads & sHihqle cloakkeyckes cuit means from
said circuit prior to.fahri ' Saivl L 5 g e; et hod. for
conducting a stati c--:pét%%%gs?%arﬁgrﬁﬁl{aﬁa %%é"g:jl'? crﬁ??ﬂgsnggéi %%l by
claim10 , whendka-cxicd epapathsedicn breakingnesaid cowdtiiseyclieat patheans

coupled to anihggugigdyyﬂ%jgﬁgnggﬁﬁé&ﬂgﬁt_dngtar signal applied to said
i nput D upon the recei'pt of a first clock signal; conparataor, neans coupl ed

to said input D and t %ﬁ?qiﬁﬁﬁﬁ~5fﬁéﬁﬁfl%?'hlﬁ§%wf-Foﬁ%ﬁﬂﬁﬁﬁ?ﬁﬁiFhe_

current said first net list including said path breaker circuit
means; B ) ' _
..procg$sing”lsaid first. net list to generéte a
second net'liSt and an exception,iiSt, said;Second'netj _&J
list not including said path breaker circuit means, and
said excepﬁiph;list Qenotinggsaid;multi-circuit.paths;' .
conducting a Stati¢u'bath 'analysis, on - said
circuit ;ncluding;aatiminé simulation froﬁ said second
net'liSt'aansaid excepﬁipn list; and |
_ rembvihg;ﬁaid.péth breaker circuit means  from
said circuit: prior to,fabrication;of'said.ci:cuit. ;

11. :Tne_method for conducting a static path. analysis
on an integrated circuit as_defined-by_claim 10, wherein
said path breaker circuit means écmpriSes: _
_ latchfmeansucqupled to an inpﬁt D for latching a )

first digital signal applied to said input D upon -the o/
receipt -of a first clock signal; o _

| comparatﬁr.means coupled to said input D and to

~ an output of said latch means, for comparing the current
state of said:  signal appliédgtc Said.input D with the
state_of-séiﬂ first'digital_signal.stored'in'saidtlatch _
means, said domparator means'prOViding a first selector
signal, if said signal applied to said input D is of the
same state as the state of said signal stored in said

| latch means; | ' ' |

multipleXert means coupled: to said latch means
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.*state of said..signal applied to said input Dwith the state of said first
digital. signal. stored in said |atch neans, said conparator means
providing a first selector signal, if_s éd_signal applied to said input D
is of the same state as the state of sard signal stored in said |atch
means; ul tipl exer neans coupled to said latch neans 1111111 111111 11111

11111 * for pkoviding 2% oufput © bf =safid gHE@Yi BLesgxker eykpuitQ of
said path breaker circuit means; and flip flop nmeans coupl ed between said

conpatat or Neahs’ aﬁadsald nultlplexer means for receiving said selector
signal<=said flip ffmmpnﬁam@ mmmnsfubupﬁzﬂrﬁetﬁe@nssamddcbhpﬁkatbgna

provi des a d e as I d ans, wherei.n said
mul ti pl exerﬁﬁég%s acﬁﬁéo(r\lst e #nggg'lk ng??:sa?gyéécon sezie o gﬁﬁf"d coupl es
t he out put seleatar| @tl@rnadear@:td) slawl fdopumeadsofursen dtlpat rebeépker

circuit neaps, i§aggcguhyleigégr - 12 ugk?xiagstq§_ gé%§?5grselector

si gnal coupling an unknown g to said output
net hod for %b%ﬂ%étFﬁgsalgtﬁPF 1pheKeEnBPP8Es on an integrated circuit as

defined by claim 10whé’ﬁ§ﬁ.ﬁl Bagal ﬁumaibms@ekﬁéaﬁaanapbﬁ Qﬁupkeéebgtv\een
ot her elene s of, .a di

nul ti-cycl €® pé?&g S éhﬂ% saé gé E 1%9§%”§3PPLﬁ§ 3% éﬁ%cﬂftsald

el enents i nsabdchatbh meams to said output Q of said path breaker
circuit means, said multiplexer meané prior to the
receipt of said selector signal coupling an unknown
\,f digital value (X) to said output Q.

12. The method for conducting a static path analysis
on an integrated circuit as defined by claim 10, wherein
said path Dbreaker means is coupled between other
elements of a digital circuit comprising multi-cycle
paths, said multi-cycle paths being defined as
combinations of said circuit elements in which the time
for an electrical signal to ©pass through said
combination exceeds a single clock cycle.

13. The method as defined by Claim 10 further
comprising the step of conducting functional logic

Y simulation on said circuit prior to said logic
synthesis.

14. The method for conducting a static path analysis
on an integrated circuit as defined by claim 10 wherein
said digital circuit is fabricated upon the successful
completion of said static path analysis.

15. A method for conducting a static path analysis
on an integrated circuit, said c¢ircuit including a
plurality of circuit elements, substantially as
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for an electrical signal to pass through sai d conmbi nati on exceeds a

i single clock cycle. 13. The nethod as defined by dCdaim 10

further conprising the step of conduetigg- functional |ogic sinulation

on said circuit prior to said logic synthesis. 14. The met hod for

i conducting a static _path analysis on an integrated circuit as defined by

" claim 10 wher&ﬁ?%kﬂ??%ﬂiﬁtal_SFFE&PP@:sT%&ﬁhcatE&feﬁﬁﬁF@he_§U%ces§hm

- conpl etion of ax¥icthpamting Rktdwatigsysis. 15. A nethod for conducting a
static path analysis on an integrated circuit,.said circuit including ge

plurality of . circuit el ements, . substantially - :as =~ - 18 -

i hereinbefore described ‘wth ' reference. to the acconpanying

" dr awi ngs. o S A LI LR L :
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