1 System and Method for Protecting and Integrating Silicon Intellectual
Property (IP) in an Integrated Grcuit (1C TECHNI CAL FI ELD [0001] The
present invention relates generally to a system and nmethod for integrated
- circuit design using cells, and norelparticularly to a system and net hod
permtting verification of a design of an integrated circuit (1C) using

silicon | P (Systemlase Mdthpddpe Protecthid gnafihasoi davel tection
for the silicon IP. BAWR%P%D&QQR]%%‘?’W %ﬁ?%ﬁgﬁg“ﬁg%@&c %ﬁﬁ t he
hi gh-t echnol ogy conmuni ty*are cofpafl Juiegrate ?é@ | in the design of
frequently used or specific-purpose silicon IP for use in the creation of
cust om desi gned i nt eﬁjrat ed circuits (1C. Such a conpany woul d have a
library @EF%ﬁHCAiLFﬁIE Diibraries) of different circuits that it could
license to I C designers for use in IC design. The IC designers would

desi gn I by connecting the circuits together, thus saving design
tinme bym@:"flm %ﬁ%@esﬁﬁén‘f?é%%rl Telptes genasaHyde gisytent el wethadifor inyepafted M uit
standard cells, For exanple, if the IC designers were designing an |IC that
f eat ur es d8eR7EISE cebnrrdinoppotieskilng wsysicm TR0 pRRARSD |V9ggcaﬁglp9€; :
counters, adders, receive and transmt circuitry, and so forth, the IC

desi gner Scxipuifdn iségrby cit AREIC) uSing &%k&r?IPt(ﬂﬁélle&ﬁﬁfp?{pg‘ég)a\%ﬂ% ARERES, yeLl ons

rat her than creating the functions from ‘scratch. ture
of usi ngoﬁﬁﬂoie@ﬁ%h%ﬂhk%ﬂﬁ;ﬂ?ﬂp the technol ogy used to fabricate the IC

desi gns can be rapidly changed when the I C fabrication technol ogy changes.
New silicon |P,

BACKGROUND

[0002] A rapidly growing sector of the high-technology community are companies that

specialize in the design of frequently used or specific-purpose silicon IP for use in the creation of
custom designed integrated cirguits (IC). Such a company would have a library (or multiple
libraries) of different circuits that it could license to IC designers for use in IC design. The IC
designers would design whole ICs by connecting the circuits together, thus saving design time by
‘eliminating the r_;eed to custom design the circuitry of the standard cells. For example, if the IC
designers were designing an IC that features several central processing units (CPUs), phase-lock
loops, counters, adders, receive and transmit circuitry, and so forth, the IC designers could

simply insert circuits that performed the needed functions rather than creating the functions from

scratch.

[0003] An added feature of using silicon IP is that the technology used to fabricate the IC
designs can be rapidly changed when the IC fabrication technold;gy changes. New silicon IP,

wherein the circuits are designed using a new technology, can readily be used in place of existing



wherein the circuits are designed using a new t echnol ogy, can readily be
used in place of existing 2 silicon IP, wherein the circuits are designed
usi ng an ol der technology. The I C design can then be reconpiled with the

- new silicon IP without requiring changes to the design of the IC [0004]

Such flexibility places a significant value on well-designed silicon IP.

Ther ef or 8licqnB, Wheavip thvicosuitshat designidisinghe oddr tBb16E. PR RS1ME Raiificd hey can
to protect the design of their silicon |P. The conpanies o ng t%e

si|icon béretinsikt ivesh tRS QvCORIBAND vviﬂhgﬁtgé@?ﬁgtc%ax?%%&koﬂh%@s?@so&%g 05] A

commonl y used technique to protect th con owner rty rights
isto sendto the |IC designer enpty nodels of the circuits in the silicon

| P I'i br at%%4lThe Sgbilgxibibityaiiaes ofighifieant valaeibh Seluesi SRABALSED. TREGEEHt O as
phantom vi ews. The enpty nodels contain only footprint descriptiohs and

pi n | ayocanspaofes Gacdesiph thedwelicoh T bs hikcht i i brar The...f oot pri nt
of a circuit normally cont ai ns physsi calajgi%}] oéﬁfﬁg%oé}gﬂr?&é%%%?lgpﬁgmaw‘@ﬁ?q, such

as the V\[[}dtfhe@(gﬁlpq%Q ; t Heuit along with pin information for net
connections. The 1G g{gfsulngfrtlheersgﬁ\%ﬁ)glx gbr?%eéﬁr%%c%?’@?fhyfql%ﬁth@ esIP\gvnrst he phant om
views and then transmt their conpleted design to an IC fabricator (I1C

fab), whiORsly bei bdﬁﬁmbﬁyﬁmﬁléchﬁfqu&‘%r@te&%srilgzﬁ)'illi?lowﬁ&;sepggéﬁ?tta MAh fhe 1P

owner, and therefore has access to the actu circurt RES 1A phant om
Vi ews usggﬂdbythgﬁn@dg%nq' | then repl aced .the actual circuit
desi gns. The I C can hgﬁhlgg%%?lls ? f@& ler%%‘tsélbﬁ?é’g?%&hbéﬁ& Thegnwiycaedsds

[0006] Ogendi; antage.of the prior_art is that since the phantom vi ews
only contai %kl? g%%%rsfnﬂ?mﬁ?‘?defgfrﬁpﬁor?ﬁﬁhmmBH",WSi Thej emptymodds Gingif @iy t he | C

‘desi gner _t g) a%omat i cal Id)r/ﬁjver ify the correctness of the IC s design.
Rat her, [RPREdSeERtipRemdnialaypws of ceh ofthe tiGuitab thewhizof HSliREGERE heprint
of a circuit normally contains physical information about the circuit, such as the width and depth
of the circuit along with pin information for net connections. The IC designers would then design
their ICs with the phantom views and then transmit their completed design to an IC fabricator
(IC fab), who may be the IP owner or has a contractual agreement with the IP owner, and

therefore has access to the actual circuit designs. The phantom views used by the IC designers

are then replaced by the actual circuit designs. The IC can then be verified for correctness and

fabricated.

[0006] One disadvantage of the prior art is that since the phantom views only contain
footprint and pin information, it is impossible for the IC designer to automatically verify the
correctness of the IC’s design. Rather, the IC designer must rely on the IC fab (who has access to
the actual standard cells) to verify the correctness of the des; gn. If problems are encountered, the

IC fab must make the corrections, since the actual circuit designs are never provided to the IC

designer. -




the actual standard cells) to verify the correctness of the design. If
probl ens are encountered, the IC fab nust nake the corrections, since the
actual circuit designs are never provided to the IC designer. 3 [0007) A
- second di sadvantage of the prior art i3 that since the IC fab nust perform
the correctness verification, it places a bottleneck at the IC fab, who

may not Hheopd) t he AnBaRAWRLIQ ' t RO .t 0 faorma thorough
correct ness J/eri fication onﬁttaﬁigq{gﬁ%géﬁl %l\ﬁéﬁnfcﬁ,ﬂ%ﬁ; f%%wtﬁﬁrq‘frﬁbth?c f ab
perform I ess verification, the | C designer incurs greater costs
si nce ttﬁgﬁ‘f%%égége?‘tgﬁzc%tkoncﬁﬁ{?B?s 33@1‘466\?% 3t e 1dph, whe amdyant have Housmpoy@0081 A
third di sadvantage of the prior art is that since the IC fab perforns the
cor r ect n€§SPIGRHDOPELRIPeEPED ¢ thorragh partechiessaletificdtion pe tfedCnradticaRANPIgt e a
correctness verification as the IC designer would wi sh, thereforé the

pr obabi | ibeyingthedf fatnper fopre theycofretiadsh o8 MAtCHAY RE y esired.
The inproperly functioning ICis not detectable un%%ﬁl?hlg géegieggcl%ts?s Fs

fabri cat et \dbsigAercan®t 985 3Rl ¢ @#ﬁﬁ - ime and noney is expended. 4
SUMVARY OF THE IgilirlcVEl\l'l'l [ooog’i egﬁeongﬁc}i‘g%eher probl ens are generally

sol ved or circunvented, and technical advantages are generally achieved,

by pref erlP¥8] enbddhime diszlvardtagend tipeHe B id (AMQRH:E 91 [V | ystem
and a nethod for protecting val uablf?si Ili con I P an%@dgﬁg%fﬂgﬁsgggﬁg&%fﬁ%s,%

perm tti ngrifigutibk; i) BRDE ab1B ol rformcorrectness yerification
of the IC desi gn.1 [%010] y n?oagégg)lrnh%g%ﬂ%&tgﬁCaH%CFréeFSeYeflgﬁglé’ﬂﬁé efent of the

present 14ueRd: LRMig Vgismltxerr]&greftﬁg probability of an improperly functioning IC may be greater

than desired. The improperly functioning IC is not detectable until the actual IC is fabricated and

a considerable amount of time and money is expended.




designing integrated circuits (1C) using phantomcells conprising designing
an | C using the phantomcells, wherein the designing conprises placing
phantom cells of desired type in the IC, connecting pins |ocated on the
phantomcells to nets in the IC, and verifying correctness of the IC
design. [0011] In accordance with another preferred enbodi nent of the
present invention, a phantomcell for use in designing integrated circuits
(10 COWWMW@WHEWEN?I@}JW dth and length, at |east one pin in the
cell, and a circuit elenent having at |east one termnal, wherein the
termnal is coupled to the pin. [0012] An advantage of a preferred

enbodi ment00&] t hdhpreeseother pvisiahs o gbsrilljablvbde: QYL b Roiidd cONn | P
can protect his property by not having to provide the actual désigns to

t d d ; - f d di t of th
orasont i mvent on- et har rRLc £ Pl RRR SR B B iR PRt

verificaty f I.C,desj and catch potential m stakes before
t r ansni ttérggd%haesglgtergiag%a Fg{}%ﬁgorlp@tp%p&g valyghlegihenst IR apd piethe prnertomey . [ 0014]

Yet anot her a%dvant gge of a preferred enbodi ment of the present invention is
that the PFRIRLEAIGSssiaRs theapblity to pesfofrmcomactessaetifiesion v teflC @agifon,
permtting faster turn-around tinme for 5 the fabrication of the |ICs.

Ther ef or egppidie | n. produce a. greater nunber of ICs for nore
cust oner s[. 0% 015 %‘%grdgoreéﬁg}%eﬁggd%ﬂm IReR] of e REsseT inygatiap, & methpé&trur es

and technjcal. advant ages of the present invention in order that the
det ai | ed %" SRE SR FruHe IChveng phentonherils fahpriving designing an BRtdigs the
understood. Additional features and advantages of the invention wll be
“descr i bedphantom cells, wherein the designing comprises placing phantom cells of desired type in the IC,

connecting pins located on the phantom cells to nets in the IC, and verifying correctness of the

IC design.

[0011] In accordance with another preferred embodiment of the present invention, a
phantom cell for use in designing integrated circuits (IC) comprising a cell having a width and

length, at least one pin in the cell, and a circuit element having at least one terminal, wherein the

terminal is coupled to the pin.

[0012] An advantage of a preferred embodiment of the present invention is that the owner of

the silicon IP can protect his property by not having to provide the actual designs to customers.

[0013] A further advantage of a preferred embodiment of the present invention is that the IC

designer can perform correctness verification of the IC designs and catch potential mistakes

before transmitting the design to the IC fab, saving both time and money.

[0014] Yet another advantage of a preferred embodiment of the present invention is that the

IC fab does not have to perform correctness verification, permitting faster turn-around time for



herei nafter which formthe subject of the clains of the invention. It
shoul d be appreciated by those skilled in the art that the conception and
speci fic enbodi ment disclosed may be readily wutilized as a basis for

nodi fyi ng or designing other structures or processes for carrying out the
sanme purposes of the present invention. It should also be realized by those
skill ed ity fbga I nt._constructions do not depart from
the spirit and g@%ggﬂggxtﬁgﬁggggﬁ pg%ﬁggngggmga}gﬁﬂa] ﬁéﬁgﬁb@h@@ﬁ cl ai ns.
6 BRIEFC§E§Q§EPTICN OF THE DRAW NGS [ 0016] For a nore conpl ete

under standing of the present invention, and the advantages thereof,
reference is now made to the follow ng descriptions taken in conjunction

W th the [0@GTONMPRRY] i VG o ich: 017] Fi e 1 is,a figure
iIIustraJingPa poss?%%g ?2@%@?@ﬁgﬁﬁﬁgg%@ﬁ@&%eéﬁaWﬁﬁaﬁ&ﬁ@Pﬁgﬁh“ﬁﬁgﬁ@fty (1P)
hol der, i ted circuit (I esigner, and an |IC fab (fabricator);

[ 0018] F?%" rrgstseﬁ%géetnﬁ%ﬁ’g%geﬁhaé&@%%Bfag?ff%cwtloﬂ@f thainvegtiqnabatiftllawssmaybence of
actions é an P holder, an I C designer, and an I C fab; [0019] Figures 3a
t hr ough 38tSEMadsrstged ddditional deatures and advaptemat oftheiabéntian svilhbaddstritieg uUsed to
protect the property rights of an I P holder during the design process of an

| C; [ 002Grefiagemrehidh fosmahd subfectefid difn Bf heShvanRASE kRbuG1 &Y 4 Bechby' S O
detectabl e via the use of engineering tools when p ant om c¢el s are used in

the | C defdsgBlinedmassir hARIdonFiHdh Enfsﬂegmi.ﬁ?ieiﬁ%g@i&lglg‘rdgs'cggg g%‘@g‘%@ﬂgpam om

cell that does permt the detection o

engi neer g, 400 $nsif e %{O(Aif%gg bPad g%{negfo%{err (satguc(taur;g%? Ipmn%gg sesoffor gar;ririn%ro?lts t?lre]t

same purposes of the present invention. It should also be realized by those skilled in the art that

such equivalent constructions do not depart from the spirit and scope of the invention as set forth

in the appended claims.
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i nvention; [0022] Figures 6a through 6d are figures illustrating several
different circuit elenents that may be used in phantomcells permtting
the detection of wiring errors, according to a preferred enbodinment of the
present invention; [0023] Figure 7 isé&a diagramillustrating a spice file
description of a phantomcell permtting the detection of wiring errors,
according to a preferred enbodi nent of the present invention; and 7 [0024]

Fi gure 8 BRIEF DESTRIBMON OFStHRhRIGVAG C desi gn process naking use of
phantomcells permtting the detection of wiring errors, according to a
preferred enbodi nent of the present invention. 8 DETAILED DESCRI PTI ON OF

| LLUSTRATIOWES] ENBEDH MENES OfrPR2SindERendtak bNlie BRENYSIVBLR! aldd ly
preferred enbodi nents are di scussed in det a?l bel ow% I’% sﬁ%ﬁvglﬁg%g

appr eci at faekeo BREMRE is fRAhadd18 IR t%ﬁ&i?ihé h%ﬁgﬁ%&’g&g@{ oui desctgq%r%&g@?' i cabl e

i nventive concepts that can be embodi e VAR fic

cont ext S'aCI&ﬁPﬁgﬁ%EE“ﬁn mggknent s discussed are nerely illustrative of

specific ways t e a s€ the invention, and do not limt the scope of
the invention. [0026] The present invention will be described with respect

to pref er 007jenbattiveniss figreilugRER) | b&sfﬁféﬂ%ﬁéér%slé%;‘bg%%n ta{g ﬁp{f@?@@f The

protected silicon IP in the design of customin

i nventi onpiBYHATH G, ' 0 ..Lo other situations such as the use
of sili (r:%n I Iﬁvﬁeﬁ) @.@%g{?ﬁlééggﬂ%de&{%:@)%%ﬁb@a@@ fcs}ahéfabﬂ?%&i, but yet
correctness verification is

[0018] - Figures 2a through 2c are figures illustrating possible sequence of actions by an IP

holder, an IC designer, and an IC fab;

[0019] Figures 3a through 3d are figures illustrating a phantom cell and how it is used to

protect the property rights of an IP holder during the design process of an IC;

{0020} Figure 4 is a figure illustrating a possible error that is not detectable via the use of

engineering tools when phantom cells are used in the IC design process;

[0021] Figure 5 is a figure illustrating a phantom cell that does permit the detection of

wiring errors via the use of engineering tools, according to a preferred embodiment of the present

invention;

[0022] Figures 6a through 6d are figures illustrating several different circuit elements that

may be used in phantom cells permitting the detection of wiring errors, according to a preferred

embodiment of the present invention;

[0023] Figure 7 is a diagram illustrating a spice file description of a phantom cell permitting

the detection of wiring errors, according to a preferred embodiment of the present invention; and



El

needed. [0027] Wth reference nowto Figure 1, there is shown a di agram
illustrating a possible relationship between an IP (intellectual property)
hol der 105, an IC (integrated circuit) designer 110, and an IC fab
(fabricator) 115. The IP holder 105 is7the entity that designed the silicon
IP and licenses their use to the I C designer 110 for use in ICs that are

desi gned he : I r.110. The | ab 115 is the entity that is
responsigpg4¥or %1 gﬁgg?ﬁggF81.§?PBW%mb B8 PRRpeseking usgaisihgriem cellko and

maki ng the I|.Cs. %9 28& Since the I P holder 105 designed the silicon IP
of ten i npPEHERE gf%éﬁﬁ o} of| WiERglerTQs. @ggardiag esirgfesed emboplimerit p&tht pesent
performance of the silicon IP, the IP holder 105 often does not wsh the
desi gns &#VeBilGhcuits in the silicon IP to be available to persons outside of
t he conpany. Therefore, the IP holder 105 will commonly provide the IC
designer 110 with only footprint descriptions of the circuits making up
the silicon IP. A footprint description of a circuit-typically 9 specifies
t he physical dinensions of the circuit, along with a list of input and
output pins. The footprint description of the circuit, along with the

i nput/output pin information is sonetinmes referred to as phantomcells or
phantom vi ews. The footprint description in a phantomcell typically wll
provi de the di nensional specifications of the actual circuit. For exanple,
the footprint description may specify the width and depth of the actual
circuit. Note that the phantom cells will normally not contain any

i nformati on about the inplenentation of the functional portion of the
circuit. [0029] The IC designer 110 uses the phantomcells in the design of
ICs, as if they contained



A

ual inplenmentation of the circuit. The I C designer 110 would connect
Eﬂg Sﬁ;nton1gglls, using the provided input/output pin information, to
ot her phantomcells, clocks, power supplies, data inputs, data outputs,
and so forth. Once conplete, the |C degsigner 110 sends the conpl eted
design to the IC fab 115. The IC fab 115 has possession of the actual
standard cells as created by the IP holder 105. The |IP holder 105 permts

' s the IP holder 105 does
the 1 C 1 anr i oot paredepaio bedl CEFRATt Te b hamdfe s an agr coment
between the [P holder 105 and the I C fab 115 pertaining to maintaini ng

' . (0030
175 ropl aces the: phamom car & LR S Bl S b pro et Bl a1

Si nce .t | C desi ner 110 is not able to
gle; 1(‘: lcJ)Ir ﬁns éﬂoﬁz&t{sﬁ@gbé }\1@9& alkeg TS Fﬁg pW@"‘Hé‘é‘” Bion Drgvades mapg ppplisdlper f or ns
t he correctn SS veri fkcatl on. Sl nce |C fab 115 is performng the
verifi catl?vé’ﬁ 1vq Gonegptrdhatsanbeserihogied pea WiSledwesibtyroé spetifio comess. Thaspecffict he | C
designer 110 was able to performthe verification. Additionally, if the IC
fab 115 (gEbogdinents disbussedarkmeiely ittagtratiak ef PBcifx wvafs thaROBNse @fe 11Weﬁ§ono rior to
the IC fab 115 being able to performthe verification. Also, the IC fab
115 may nat dbeaoctdbbiethekcopt bf hethvtRidper f orm a correct ness verlflcatlon 10
with a level of detail as great as the I C designer 110 wishes. If errors
are detected, the IC fab 115 notifies the IC designer 110 and the IC
desi gn i J00R8di f i Ebe preveotinyéngion will bé deatrited vith repRRte pRferel 8mbbdimbAPinkl S
creates the IC and returns the conpleted product to the IC deS| gner 110.

10031] A spenifrostingexgoatielyKieaispofboited btborhia 6% dIEDo AN s b3 ligh fully

verified for correctness is an inoperable (or inc y op rating) 1C
once f abrdiedit:ethe BEGRYR Hral B0 bE aﬁb‘ﬂk(‘ﬂ%owever, to other situations such as the use of

silicon IP wherein the underlying technology is not fixed, but yet correctness verification is

needed.

[0027] With reference now to Figure 1, there is shown a diagram illustrating a possible
relationship between an IP (intellectual property) holder 105, an IC (integrated circuit) designer
110, and an IC fab (fabricator) 115. The IP holder 105 is the entity that designed the silicon IP
and licenses their use to the IC designer 110 for use in ICs that are designed by the IC designer

110. The IC fab 115 is the entity that is responsible for taking the IC designs created by the IC

designer 110 and making the ICs.

[0028] Since the IP holder 105 designed the silicon IP, often implementing special and
creative designs to optimize the performance of the silicon IP, the IP holder 105 often does not
wish the designs of circuits in the silicon IP to be available to persons outside of the company.
Therefore, the IP holder 105 will commonly provide the IC designer 110 with only footprint

descriptions of the circuits making up the silicon IP. A footprint description of a circuit typically



3

105 only provided the I C designer 110 with phantomcells, it is very
difficult for the I1C designer 110 to verify the correctness of the design.
Aut omati c design tools, such as tools cormmonly referred to as Layout
Versus Schematic (LVS) tools cannot clgeck the correctness of the designs
since the phantomcells are enpty. This places the verification onto the
shoul der gp&ifick R £AR; 4 t.hi t hat..it..may. not be capabl e of

per f or mi ng. [003 ]%\}Wt hmr“ge‘%lg?seﬁfgg?%&%}qt O W%I%Q?[IHPW@P@W@“@H@W%

di agram 0. LP hol. der. 205 and_a possible sequence of actions perforned
by the |gz’?@?néé1?s°§6‘%‘?n of e st GiongrvithgBe nppgnitnit perisformation issosifimeon | P

t echnol ogéfto an | C designer (not shown) sends a set of phantomcells to
the 1 C de&iggiens prangm pghtorm@)om Tikws.[Iha fiéaprire dbdchiptithuab pianfiRy 8L contai n
much nmore information than the footprint of each oIf) the circuits in the
si|icon Itypiculis witherdvite lid dittkiidnaPipaciGOtoh g8 BL i Pyt cipewits. The I'P
hol der 205 will, upon contractual pggreement, seﬁ%lﬁ?@ltag(ﬁfﬁm%?’w&it

desi gns fodipeilab @b 20h) : - 0 ‘;E}R wn) . . Addi tional ly, should the
| P hol der Ck2‘%5 makeb any %ﬁ%@?&%@%’é‘%@iﬁ ge %‘)f“ajtﬂ@ugilﬂ?fﬁﬂlaét ¢ Bhantom
silicon | Bl end the updates to the |C fab (highlight 208). [0033]
Wth refe ratlasn‘!gﬁel H@V\?I ycflogf’(brﬁarl a %‘P%O(“Fi‘éﬁ“él gbguitheimplemaiatign afithe funationklC desi gner
210 and a possible sequence of actions performed by the | C designer 210.
The | C d@STigREE thetgcuiipon |icensing a silicon I P technology froman |IP

hol der (not shown) and receiving the phantomcells fromthe IP hol der

hi ghl i 1 s t ignits ICs (block 212). On lete with
the 11 “dlPhnt PERIC el aciRhER ol b Grimor s a iignboite 1)

‘to an IC@Eab@épot shown). \Were, after sone tinme, the IC fab will return

fabri cat &ff 38! implementation of the circuit . The IC designer 110 would connect the phantom cells,
using the provided input/output pin information, to other phantom cells, clocks, power supplies,
data inputs, data outputs, and so forth. Once complete, the‘IC designer 110 sends the completed
design to the IC fab 115. The IC fab 115 has possession of the actual standard cells as created by

the IP holder 105. The IP holder 105 permits this since there is no other altemative (unless the IP

holder 105 does the IC fabrication as well), and since usually, there is an agreement between the

IP holder 105 and the IC fab 115 pertaining to maintaining secrecy of the design of the circuits in

the silicon IP.

[0030] The IC fab 115 replaces the phantom cells used by the IC designer 110 with the
actual ci;cuits from the silicon IP. Since the IC designer 110 is not able to perform correctness
verification on the IC design, the IC fab 115 performs the correctness verification. Since IC fab
115 is performing the verification, it ends up costing the IC designer 110 more than if the IC
designer 110 was able to perform the verification. Additionally, if the IC fab 115 has a lot of
work, it may take an extended amount of time prior to the IC fab 115 being able to perform the

verification. Also, the IC fab 115 may not be able or willing to perform a correctness verification



[0034] Wth reference nowto Figure 2c, there is showm a diagramof an IC
fab 215 and a possible sequence of actions perforned by the I1C fab 215.
The I C fab 215, upon entering a contractual agreenent with an I P hol der
(not shown), receives designs for thejgircuits in the silicon IP fromthe
| P hol der (highlight 216). The IC fab 215 al so receives a conpleted IC

desi gn (Rk@hlil )ac desi r .(,not._.shown). Since the |IC

desi gner %%in%‘%bg (%iaﬁtag %eeﬁsgﬁﬁ&g%}@ggﬂﬁe@éh -of PIEGre &eidstqoted, Hie ICEY Bl 215
perfornms _testin the | C design and once the testing is conplete,

fabri cat élggﬁeﬁéh %6’1%36131gfﬂcﬁle%%@@Slmmodéiqdo@ndesih&:‘cmiﬁbﬂtoa,is donepldiCtifeab 215
returns the conpleted ICs to the |IC designer (highlight 219). [0035] As

di scussedC pelMistpgicy thetlRent Gtaes thgrompletdgsodust b @ledtidégbyer $1.ai ght f or war d
when wusing phantomcells. The |IC designer creates a custom | C using the
phant om ?5‘63' f provi ded the | P holder. The footprint information, along
with the BEATT nf BRREOBY oopygoE arblemyhatsisesarhenian TG fsmat fubly venfiedbaci ng and
connecting the phantomcells. Wen the design of the customICis

conpl et e COFPINCHTS G Fogereble {emiveriehily aresitig) IConch GibtiGité@Becaiiand B hakr
repl aces the phantomcells wused by the IC designer with the actual circuit

desi gns dffl oblgpteyided hed€sdegigndran 0 &Rt HBEIHESS s, P& b ' i s tested,
the ICis fabricated. [OOSG?TLWth refpgrence nS(’)Wltor ?lgtﬁ"rug%égat;gp%‘ze&@?% ‘

shown a dijaed wmrefh nfom cell.305 for a circuit in a
silicon IP |ibr a§ray,e %%%?%fﬁ%d% Cu}?tf) mﬁgcsdets]rgpg%‘)l?aa‘rwthsas (QolFermEhut
pi ns). mcell 305, as.illustrated in Figure 3a has three ports
(input/ OE%%E?J]%I%% %YO“FQB@P% hgmatic iLVa% ks cappeisheckiihaeorioiiness af te designsct ed
to three netgl, | abel ed NET A, NET B, and NET C. The phantomcell 305 also
has a gerf&IcF Hephppion pels are emply. Praplecamtieeateifidthn pnvheesuldak vf thbeC 12

115, something that it may not be capable of performing,

[0032] With reference now to Figure 2a, there is shown a diagram of an IP holder 205 and a
possible sequence of actions performed by the IP holder 205. The IP holder 205, upon licensing
its silicon IP technology to an IC designer (not shown) sends a set of phantom cells to the IC
designer (highlight 206). The phantom cells usually do not contain much more information than
the footprint of each of the circuits in the silicon IP and the input/output pin configuration for the
circuits. The IP holder 205 will, upon contractual agreement, send its actual circuit desi gns
(bighlight 207) to an IC fab (not shown). Additionally, should the IP holder 205 make any

updates to the designs of the circuits in its silicon IP, it may send the updates to the IC fab

(highlight 208).

[0033] With reference now to Figure 2b, there is shown a diagram of an IC designer 210 and
a possible sequence of actions performed by the IC designer 210. The IC designer 210, upon
licensing a silicon IP technology from an IP holder (not shown) and receiving the phantom cells

from the IP holder (highlight 211) begins to design its ICs (block 212). Once complete with the



physi cal dinensions of the circuit that it represents and the |ocation and
nunber of input/output pins. Usually, no other information is provided.
[0037] Wth reference nowto Figure 3b, there is shown a figure

illustrating a spice nodel file 310 ¢of a phantomcell, wherein the phantom
cell has three ports. In addition to providing the phantomcell, IP

hol der s i rovid ice | .files of the phantomcells. As

i |l ust rats(fegggﬁgl’ {rﬁ%ﬁ?gﬁsﬁ@“’égﬁ{éﬂ@s @g%ge%’aé}lghhglh@@m gnd Cdes@pt By t he

phant om | 3Q5 illustrated in Figure 3a. Since there is no circuitry in

t he phant O &AET S99 thes Ee IEHanwilhrgtur fablicededtIsee pins, the spice nodel
file 310 is enpty, wth exception of the namng of the three pins; A B,
and C. Spji no s _are enqi ring software toql |anguage descriptions of
el ectri cg[PG%rld eﬂ@(t:}%rre geﬁefﬁge %? Eoﬁﬁg‘éregﬁﬁgerafseg%%‘ﬁﬁéﬂ’é&a@@ 28 1 &bydf pnd
understoaod by those of ordinary skill in the art of the present invention.
[ 0038] WHOHSI%&SWE‘H‘E@T" SIS perfotged by the ICf#hed16. Tle 16Hawal Saufingteting a
illustrating an actual circuit design 310 replacing a phantomcell. After

the | C deconigenyal egrapheat with e & HeiddrgiotQhovid)erebdired akipns @RASe bifouliOinidhe | C fab,
the 1C fab replaces all phantomcells in the design with corresponding

Ci r cui t. sivoneX &eml tRs IPamldd (1At 216) 1 he T B A5 36 Ixégcgl%ﬁ%&r}éﬁﬁeg%@gi desion”>

naned | PCELL is replaced by an actual circul

circuit ' | a descriptioQ. of actual circuit that

i npl enent !s %E@i %%E)nfgog?nhgie??es%%{ &Pﬁﬁé%ﬁ@: ee fhﬁéggé%@ﬁhlsé@hﬁb#i faPeHpIEe  t han
one instance of the_ phantomcell 305, then the standard cell 310 nmay be

i nserted (foﬁrte‘étn%SécYﬁmﬁﬁ%H%%M fab 21 reeriomaniesingcalthe 0B sighhndomathievetiyg ist he
standard cell 310 is inserted only into the first instance of the phantom
cel | 305 wmpledetduigaientre @ lackcds). dince Fbriphanicmupiid, 1206 6 115 £@fRihe t O
the initial instance.

completed ICs to the IC designer (highlight 219).

[0035] As discussed previously, the IC design process is relatively straightforward when
using phantom cells. The IC designer creates a custom IC using the phantom cells provided by
the IP holder. The footprint information, along with the pin information, provides the needed
information for placing and connecting the phantom cells. When the design of the custom IC is
complete, the IC designer sends the design to the IC fab. The IC fab replaces the phantom cells

used by the IC designer with the actual circuit designs and tests the design for correctness. Once

the design is tested, the IC is fabricated.

[0036] With reference now to Figure 3a, there is shown a diagram of an exemplary phantom
cell 305 for a circuit in a silicon IP library, wherein the circuit has three ports (input/output pins).
The phantom cell 305, as illustrated in Figure 3a has three ports (input/output pins), labeled A, B,
and C. These three pins are connected to three nets, labeled NET A, NET B, and NET C. The

phantom cell 305 also has a generic name IPCELL. The phantom cell 305 provides only the



[ 0039] Since the phantomcell 305 and the actual circuit design 310 are
normal |y both described (specified) in sone formof hardware description

| anguage (HDL), the replacenment of 13 the phantomcell 305 with the actual
circuit design 310 may be a relativelypsinple task. For exanple, a section
of HDL describing the phantomcell 305 can sinply (and normally

aut omat i e a section of HDL describing the actual
circuit §ﬂ¥4|1égénd1§ff88mr%ﬂ?&§ CH&‘P% f y reppqsenis yudhe Ingation esd pyrpless of nputéntriut e | C
design can b rsed and wherever there are references to the phantom cell
305, thePrEf r%ﬁb@@ogwmammwmh references to the actual circuit
desi gn 310. [0040] Wth reference to Figure 3d, there is shown a figure

iIIustra g}{l}lrgp of an (% B ﬁ\@ha tomcell after the phantom cell
has been r ep ace SISO ATC Tigyre db-thessts snevang Heure jlluseeimgiarpice Bodely . As
|Ilustrat d 0ncgp?kortron of the I1C displayed the sane as is displayed in
Fi gure 3& ° & (ri@ haeomsell, prhierrin B pherdop kelhbasihreepdrtsi b dddition teprbvitingtie
footprlnt of the corresponding circuit froma silicon I[P library, the

figures ahentesselhitlP abldyrs seleetimesairovidd splve nligel XL MAnR é%ﬂs %tlﬂ rafegY OUL

315 contained in the actual circuit 350 and not present in the antom
cel | (notin FipawBb, the f: th own a
figure i 1 u{sg'?r ati tnggﬂé%}gggl%ﬁbeﬁ\% lrgpﬁsgﬁ ﬁng {r?%lrp h%‘n&? ol for?A th%@fgé’f en

using ph V. 0 ring error to nmake |sto
Cr 0SS- Wi %‘éﬁé&r{%eg?rs r%fc 1r01|ur§§ nathgp?arnl E@S@Vﬂe he gt & has thigepins, the spise ed t o
pin B while ﬁlng EQ‘ wired to pin A, when the intended connections are NET
Ato pin Iﬂ°d§ 1SRRG, (FYith eBCFJPYQEYFOUHG naming of e thirge pins; éd B, endCrepize Due to
the fact that a phantomcell 405 is used and there are no circuit

models are engineering software tool language descriptions of electrical and electronic circuits

and are considered to be well understood by those of ordinary skill in the art of the present

invention.

[0038] With reference now to Figure 3c, there is shown a figure illustrating an actual circuit
design 310 replacing a phantom cell. After the IC designer completes the design of the IC and
sends it to the IC fab, the IC fab replaces all phantom cells in the design with corresponding
circuit. For example, as illustrated in Figure 3¢, the phantom cell 305, named IPCELL is
replaced by an actual circuit design 310. The actual circuit desigr1 310 contains a description of
the actual circuit that implements the phantom cell 305, IPCELL. If the design contains more
than one instance of the phantom cell 305, then the standard cell 310 may be inserted into each
instance of the phantom cell 305. Alternatively, the standard cell 310 is inserted only rnto the

first instance of the phantom cell 305 and subsequent instances of the phantom cell 305 will refer

to the initial instance.

[0039] Since the phantom cell 305 and the actual circuit design 310 are normally both

described (specified) in some form of hardware description language (HDL), the replacement of




el enents in the phantomcell 405, when an engi neering design tool, such as
an LVS tool, is used to performcorrectness checking, it cannot check if
the wiring is done correctly. Therefore, a comonly occurring wring
m-stake i s not checked. [0042] Other wgring m stakes, such as ms-wiring a
single net into nore than one pin, nultiple nets into one pin, and so

forth, a |.sQ _na t abl e when_ ysin hantomcells in the 14 1C

desi gn p?kge @g@tpmfﬁflégf\gﬁﬁﬁ@ aptyelgreuif gﬁgkg&ﬂﬁﬁna’b’ﬁéF‘éel§ifV§1Yrﬁ§TnE]iert%§h-i50f el enent s
inside the phantom cells. Therefore, when a LVS tool generates a net
listing CHEMPE-gtSpotion|of BDLt deacribitestherplidntonicedi0a peusimply (Ahdmdrinally ( meani ng
that they are not connected to anything). As such, correctness

veri f i caehiomsticaighler mplagedorithiotectcsfMHDI B4Min Mt Reth R tREGNERiNAYY.L O Figure
5, there is shown an exenplary phantomcell 505 that permts correctness

veri fi catAiRmatiad G i t . : j t. of t resent .i nventi on.
The phant om cell 5;5019511L %eft%t?e#??%%%gﬁg %fnqj%g#gﬁg&dlf i Sgggafgﬁ?fFYeéﬂle{eéﬁ%h as

phant om FlLaure Ln that internal tqQ the phantom cell 505,
Phe pi ns  etenckd T ok DA ool 1f rerp s farte cog pithgrBreaatsdniiaectaal- A 510.

According.to (quref erred enbodi nent of the present invention, each pinin
t he phan YRYESsIensde i s connected to a uni que circuit elenent. For exanple,
as displayed in Figure 5 the phantomcell 505 has three pins, and each

pinis di yed LN nnected to a different circuit elenment. The
circuit ?“e&r@ nt s“@mﬁltr?igﬁenge tg&oﬁ%ﬁr g‘%)ﬁléﬁrﬁ {§ﬁﬁ%vé‘l‘i£%§/ﬂltuﬁtéat@g apREIghan iy pe, for
exanpl e, resistors, capacitors, diodes, transistors, and so forth, or they
may be a g0y ged Pept the phaaipm cedl hapberngeplaged hy amactual hixenivdsd ftoppe of
circuit element in a single phantomcell. O course, in addition to having
the circdiliconRRentys As tlhietrgitd Aegortival df 1206 diplayed the same as is displayed in

Figure 3a. Since the footprint of the phantom cell is identical to the footprint of the
corresponding circuit from a silicon IP library, the figures are essentially identical, with the

exception of an actual layout 315 contained in the actual circuit 350 and not present in the

phantom cell (not shown).

[0041] With reference now to Figure 4, there is shown a figure illustrating a possible wiring
error that is not defectable when using phantom cells. A relatively common wiring error to make

18 to cross-wire a pair of pins. As illustrated in Figure 4, NET A is wired to pin B while NET B is |
wired to pin A, when the intended connections are NET A to pin A and NET B to pin B. NET C

is correctly wired to pin C. Due to the fact that a phantom cell 405 is used and there are no circuit
elements in the phantom cell 405, when an engineering design tool, such as an LVS tool, is used
to perform correctness checking, it cannot check if the wiring is done correctly. Therefore, a

commonly occurring wiring mistake is not checked.

[0042] Other wiring mistakes, such as mis-wiring a single net into more than one pin,

multiple nets into one pin, and so forth, are also not detectable when using phantom cells in the



4

al so provide footprint information, such as width and depth, and pin
information. [0044] Wth a circuit elenent connected to each pin
(preferably, each circuit elenent having a unique value), when a net is
connected to a pin of a phantomcell, 14he net will no | onger be floating.
Usi ng the phantomcell 505 in Figure 5 as an exanple, if a net, NET A 1is

t 1o A ill. b t { i it
ol amont ¢ L ATER DS THERaIlS oot bt b i B e AT R t e

net, NET As. will-be sho ei ng connected to circuit elenment, EL-A 510.
Then, if °§1|1‘°’r’ %u&t‘?f"é‘i’ &ﬁ%‘hﬁvgiqoggwgﬁewt Hstingdnetlistrallaff theatetsandyke dispteyedki | o-
ohns), for exanple, then the netlist will show that the net, NET Ais
connect ed* fi92esRcwting the theyees aet opnnetted tdanytiim SADduch [i8rr6dtiea N fElRAENT S
are uni que and are consistently sized across the various phantomcells and
i f the L\gendraldy caknaiwscunhat pin a net is supposed to be connected to and
since it knows the value of the circuit elenent that is connected to the
pi n, thegﬁ zi npkx{e_ conmparison will allow the LVS tool to determne if the
net is cohiBdt ed Wb efseenemnaveiotFigirns, thar is smwnph exemplary Beanfet cellNBT e 1S
intended to be connected to pin A which is connected to a 5k ohm resistor,
but due tpsmmaitsdoriectgese veriftcatich, @@Bﬂﬁ@%t@@ Seé | ' 0 a 6k
ohmresistor, then the LVS tool wll r?t(gte t%ﬁom&ﬂg{@eﬁﬁ%ﬂ%?&?@ﬁ
connect edle®hant6ik celn ' ' : hmresistor. Therefore, a
3 P S e b E A et s o b e sl Bing

W ring mstake nmust have occurreo
permt the; I to rect the m stake, [0045] Wth reference now to
Fi gur es al-glélg, ﬁ?)ﬁ}el%{elﬂélFeénaé ﬁog&%&?é‘@é? %ﬁnr%)gf 18 PR Rrecppiagied to eitcaitelementshat  nay
be connect ed to1 pins in_phantomcells, according to a preferred enbodi nent
of the ?Pre‘?‘éﬁ? % AR MA SKbecending tompreferridgumbedingat dfthoprefentitveationy f our

different circuit el enents: _
each pin in the phantom cell 505 is connected to a unique circuit element. For example, as

displayed in Figure 5, the phantom cell 505 has three pins, and each pin is displayed as being
connected to a different circuit element. The circuit elements within a single phantom cell may
be of the same type, for example, resistors, capacitors, diodes, transistors, and so forth, or they
may be a mix of different circuit elements, with more than one type of circuit element in a single
phantom cell. Of course, in addition to ha;/ing the circuit elements, the phantom cell 505 may

also prpvide footprint information, such as width and depth, and pin information.

[0044] With a circuit element connected to each pin (preferably, each circuit element having

a unique value), when a net is connected to a pin of a phantom cell, the net will no longerbe
floating. Using the phantom cell 505 in Figure 5 as an example, if a net, NET A s co@ected to
pin A, then the net, NET A, will be connected to circuit elément, EL-A 510. Therefore, when a
LVS tool generates a netlist, the net, NET A, will be shown as being connected to circuit
element, EL-A 510. Then, if circuit element, EL-A 510, was a resistor of value 5k ohms (kilo-

ohms), for example, then the netlist will show that the net, NET A is connected to a 5k ohm



i r erhaps a poly-resistor) 605 (Figure 6a), a capacitor 610
?Firgzlrzt gb),(pa di gde 6?5 y(Fi gure 6¢), and a transistor 620 (Figure 6d),
circuit elements of basically any kind may be used int he phant om cel | s.
However, to permit correctness verifig¢ation, the circuit elements used
wi thin a single phantomcell should be dIStInQUISEgbleaf;?nhsgeiﬁrﬁgPE;iing

' 1.0::Ej .here.is s
¢ oo ce ol HTEPTHRT: Eﬁgﬁ%@ﬁ‘k&rﬁi{%fﬁg f‘méﬂs&sgffif‘f e erei
] as . hr cording .to a pr _

the B? o A E ROl M RS o Kooy giaraers SeResigh e conpersed tof i | e
705 is describing the phantomcell 505 illustrated in Figure 5.. Because
ther e ar EXCHREUS Krowgltiahest dsspredclementiibat i qusnwfed thithe phaticnasiogld 505,
there are entries in the spice nodel file 705. For exanple, if the circuit
el enent s cwBpEisOR SIS tliavsthel VB toa holtediindi theks is 8atthetéd @MABeorf-RE. Fér SPI Ce
nodel file for the phantomcell could appear as displayed 1n Fi'gure 7. 16

[0047] Wekimplefieti@ROENEPY, {0nfchILS b8 col NBER 5, éh 0l OW?F{F%%E}Z)E“SOO

WOICH 1S ¢
illustrating a process tRat may be use WVOLTRGS opes ns

[ ; ifh circuit elepents, accaording to a preferred
oo PR SRS e oL SR I3 SR d b e,
desi gner . desj gnj n | C using phantomcells with circuit elenments in the
phanton1&@Wﬁ@gﬂ%ggﬁﬁwﬂ@659&@ peet, NEA, tiheontgetriddak G hlantresistar ehstead ohd sih ar e
basically just footprint information. Once the IC design is conplete, the

| C desi greém resistonTberaforey/Swining mistake £QSEN0¢ BRI FIIRRT thBPflad BOstik@ aXET i T Y
the correctness of the design (block 810). [0048] Wen the correctness

verifi catpennit ite ICABRERE B cotB@ theRisk:g9! May report that there are sone
incorrecg1y connect %glls in the I C design (block 815). Wth incorrectly
connecte(tJ[O(S:4eIIs, t he

5 With reference now to Figures 6a-6d, there are shown several different circuit
elements that may be connected to pins in phantom cells, according to a preferred embodiment of
the present invention. Note that while Figures 6a through 6d show four different circuit elements:
aresistor (perhaps a poly-resistor) 605 (Figure 6a), a capacitor 610 (Figure 6b), a diode 615
(Figure 6c¢), and a transistor 620 (Figure 6d), circuit elements of basically any kind may be used
in the phantom cells. However, to permit correctness verification, the circuit elements used

within a single phantom cell should be distinguishable from one another.

[0046} With reference now to Figure 7, there is shown a figure illustrating a spice model file

705 of a phantom cell with circuit elements, wherein the phantom cell has three ports, according
to a preferred embodiment of the present invention. As illustrated in Fi gure 7, the spice model
file 705 is describing the phantom cell 505 illustrated in Figure 5. Because there are circuit
elements coupled to the pins of the phantom cell 505, there are entries in the spice model file
705. For example, if the circuit elements were resistors with values of 5k, 6k, and 7k ohms, then

a spice model file for the phantom cell could appear as displayed in Figure 7.



| C design should be fixed. The |IC design can be fixed by the |IC designer by
noting where the incorrectly connected cells are and fixing the wiring
(bl ock 820). Wth the cells re-wired, the LVS tools are used to once again
verify the correctness of the design (6l ock 810). This can be repeated
until the LVS tool no | onger detects any incorrectly connected cells. If

there ar i d | ock 815 then the. | C designer
can send the 1 debranots S PR B Bl ”Fﬁ‘%ﬁf’ﬁ#gm[ %gﬁg‘jgsgzgrighw n he
| C desi nt, to the |C fab, the process is conplete. 049] Al thoug e
presont “PROERIS Rek i uieee dflennd sBaSiG esuanasbeivbed i tisarat | 1

shoul d be understood that various changes, substitutions and alterations
can be mEHEICHEaEFGIdingjtq hipngferraé pmbedimgntiof ¢hm frésentspiention, Thelpoeapbegs wikte
invention as defined by the appended clainms. [0050] Moreover, the scope of

the preseniC dgdnecddsigningiag 10 ating ph@bae dellsvibecilchifblbGehtt B b $han®d iyl ar
enbogi ments of the process, mach?ne, manuf act ur e, corrpomt%]lg‘n o?‘r matter,

nmeans, Wﬁb&]@ﬂ%) ARt BheRR t%‘ﬁ?eﬁ Hrleglg(g? }:le%cﬁﬁgggszicigﬁ? J:uiao o{)tﬁﬁg’c&{?@gpg@& e of

ordinary skill in the art y apprecia

' i.on, hi : f act , conpositions of
it or ol L A2 BRREETBETe of ek e N prigoise e affer epepeing

devel oped, (17 that perform substantially the same function or achieve
subst aﬁt it%ﬂll59VPH@@%E?éreﬁ@gﬂﬁloftmﬂeﬂﬁe(bhﬁbﬂd@)spond! ng enbodi ments descri bed
herein may be utilized according to the present invention. Accordingly,

t he appe cl aiyf re intended.to.include within their scope such

proc eg g eg,ﬁm}mc hiwr%% %er?ﬁﬁﬁ‘fuéeéf Yﬁrg-l,tcaté%’rfﬁ BWﬁ@n%e W S rteRt ey ,remﬁ?]h% ,the![ﬁ%fgh ods,
' AIMED |S; 1. A nethod for designing an integrate

gir r iLleP S '(Spglﬁggylggﬂ%pwt cells in the IC design (block 815). With ?ncorrectly connected cells, the

IC design should be fixed. The IC design can be fixed by the IC designer by noting where the
incorrectly connected cells are and fixing the wiring (block 820). With the cells re-wired, the
LVS tools are used to once again verify the correctness of the design (block 810). This can be
repeated until the LVS tool no longer detects any incorrectly connected cells. If there are no
incorrectly connected cells (block 815), then the IC designer can send the IC design to an IC fab

for fabrication (block 825). With the IC design sent to the IC fab, the process is complete.

[0049] Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein

without departing from the spirit and scope of the invention as defined by the appended claims.

[0050] Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matter, means,
methods and steps described in the specification. As one of ordinary skill in the art wﬂl readily
appreciate from the disclosure of the present invention, processes, machines, manufacture,

compositions of matter, means, methods, or steps, presently existing or later to be developed,



pl aci ng phantomcells of desired type in the IC, wherein the phantom cells
each conprise an input/output pin and a circuit elenment, the circuit

el enent being coupled to the pin, and the circuit el enent representing a
devi ce type and val ue; connecting ping7l ocated on the phantomcell to nets
inthe IC and verifying correctness of the I C design using the device

Lyne and tabsfor RiAREN ALLAASHRORN HatBe JOGRUCHL Lol STRL B 0 LN

phantom cells, wherein the verifyling conprises:

char act er.},sd.dl ted circuit elenent that is expected to be
coupl ed tcgﬁfgsb ﬁ%cftﬁ?g ég%bﬁgggeﬁlﬁsg&fﬂ@eéﬁg?lﬁ@?aé’r ediiiizedccqriiag prhnprespntinFention.

el enment that .is oupled to the net and the characteristic of the expected
Circuit EIEFRAmEL, ﬁﬁappwé%c‘rlﬁmiamn@m te krslude withi théir edpecscl potdsyes T t he
characteristics of the phantomcircuit element and the expected circuit

el ement arashiapspmenufaetire] sompesitians. of 2natf¥) ercamy, hethodd ofdigim 1, wherein for
each of at |east sone of the phantomcells, the phantomcell has multiple
pins and nultiple circuit elenents. 3. The nmethod of claim 2, wherein each
of the multiple circuit elenments in a given phantomcell has a unique
value. 4. The nethod of claim 3, wherein the circuit elenents in a the

gi ven phantom cell are of the sane device type. 5. The nethod of claim4,
wherein the circuit elenents ate resistors. '



6. The method of claim3, wherein the circuit elements in a the given
phantom cell are of a mxed type of circuit elenment. -18 7. The net hod of
claim3, wherein the circuit elenents in one phantomcell are different in
type fromthe circuit elenents in another phantomcell. 8. The method of
claim3, wherein the circuit elenents in all phantomcells are of the sane
type. 9. WHATE? REAIMER IS m 1, wherein the phantom cel |l s correspond to

circuits from rary. 10. The net hod
of claiml, V\h%?%?ﬁrll&{ﬁ’easéelﬁl %I ng é@ﬁe &g@%@@ g(é/lﬁérrllgﬂéggi neering design
tool. 11. The net placingphaitamroell® of Mﬁ'ed!typetﬂnﬂledﬁigww&iﬂmgpﬁaﬁbmn tool is a

| ayout - sus-schenmatic, (LVS) tool 2. . The nethod of claim1, wherein the
verifyi ngceﬁlé e?%&%%ﬁe%ﬂnwgl"?’“ﬁ%@ap agcfyguit plementy | eﬂ%@uﬁﬁl%@ of claim 12,

wher ei n tl}%?n%&) £:301 16 thd n,l: ef}fgc{%é ?ﬁé V\#Ietﬁ&nt r@;ﬂ%enﬁﬂ%a'a@%ce el QAILECT 'Y

wred. 14 thod o erein there more than one pinin a
gi ven phantom cmdme@m@rénmlocﬂedenltlmpimnmmmihomes inithech@; tané! enent i n the

hant ] d wh t h han cell is
Qoupied o ator s g oo R BRIC Gistbouinadfe fevife tybe 2nd Value

representations provided by the circuit elements in the phantom cells, wherein the

verifying comprises:
determining a characteristic of an expected circuit element that is
expected to be coupled to a net;
comparing the characteristic of the phantom circuit element that is
coupled to the net and the characteristic of the expected circuit element; and
determining that the net is wired correctly if the characteristics of the
phantom circuit element and the expected circuit element are approximately

equal.

2. The method of claim 1, wherein for each of at least some of the phantom cells,

the phantom cell has multiple pins and multiple circuit elements.

3. The method of claim 2, wherein each of the multiple circuit elements in a

given phantom cell has a unique value.

4. The method of claim 3, wherein the circuit elements in a the given phantom

cell are of the same device type.
5. The method of claim 4, wherein the circuit elements ate resistors.

6. The method of claim 3, wherein the circuit elements in a the given phantom

cell are of a mixed type of circuit element.

-18-




15. The method of claim 14, wherein each circuit elenment is selected froma
group consisting of a resistor, a poly-resistor, a capacitor, a

transi stor, and a diode. 16. The nmethod of claim1, wherein the nethod
further conprises providing the phantomcells to an |IC designer, wherein
the actual cells re resented by the hanton1 cells are_ put of an

intel | ectlial prhsgeethgd pf ¢laisg §, wh efgmfge ciygyit glemeniglinggne phantemell agher ei n t he
verifyin 0 t f 1! C desi gner. 18. The
met hod o%ilgf {ehpﬁl tgl(j:év\ﬂrg th &?ﬁ‘%t%érﬁ?ﬁpgir%n%ﬁéﬁg?a%o&r}%% 'ses providing spice
nodel files for t he phanton1ce||s to the |1 C designer, wherein the spice
nodel fi es conprise. eptries for the circguit el ene d val ues. 19.
The met hdbl of Hieamsed Oﬁﬂé‘lné nvherginhe HEcHI elements m@ﬁ#ﬁh@p@@s @ ing a
netli st Whégmﬁ@??ggineerlng design tool, after the connecting of t he pins,
the netli st uding information for the device types and values for the
circuit elements of the phanton1ce||s 20. A nmethod of designing an
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phant om C@gljlc&qm[lb&gﬁp%bé@qmyl%&gut pin and a circuit el enent connected
to the pin, the circuit el effent represents a device type and value, and

the phantomcell has a footprint area; connecting pins of the phantomcells

to nets ift hefﬂecr:hethod of claim 1, wherein the verifying is performed by an engineering

design tool.

11.  The method of claim 10, wherein the engineering design tool is a layout-

versus-schematic (LVS) tool.

12.  The method of claim 1, wherein the verifying is repeated for every net in the
IC.

13.  The method of claim 12, wherein the IC design is incorrect if at least one net

is incorrectly wired.

14.  The method of claim 1, wherein there is more than one pin in a given phantom
cell, wherein there is more than one circuit element in the given phantom cell, and
wherein each pin in the given phantom cell is coupled to a terminal of a different

circuit element.

15.  The method of claim 14, wherein each circuit element is selected from a group

consisting of a resistor, a poly-resistor, a capacitor, a transistor, and a diode.

16.  The method of claim 1, wherein the method further comprises providing the
phantom cells to an IC designer, wherein the actual cells represented by the phantom

cells are put of an intellectual property library.
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after the connecting of the pins, verifying correctness of the IC using the
devi ce type and val ue representation provided by the circuit elenents of
the phantom cells, wherein the verifying conprises: determning a
characteristic of an expected circuit elenment that is expected to be
coupled to a net; conparing the characteristic of the phantomcircuit
elenment that is coupled to the net and the characteristic of the expected
Circuit el7emente ttlod GEABRTT ittrdiMe \téaﬁyﬁgfcofréctﬂesg efeqergctly if the
characteristics o antomcircuit el emeRt and the expected circuit

el ement amdbappdbwﬂnﬂCeﬁwgn@qual -20 21. The method of claim 20, wherein
the nmethod further conprises providing the phantomcells to an IC

desi gner, wherein the actual cells represented by the phantom cells are

part of amg,i nt’ﬂie':ﬁ&hétﬁbf AAEIBPES, wherdiR i Methdd furiﬁa@caﬁﬁmg pﬁfvuﬁh%' m 21,
wherein the verlf g correctness of the ICis perfornmed by t

desi gner .SPizg mGﬂ@b dhe phantoraicalltp, thml@deﬂlgner,h@qﬂ@nﬁbﬁsmmmh@l corrprl ses
provi din IIstothe | C desi gner,
wherein %H%ss(gdﬁ’%%lsg%mmef%r tﬁ‘?w&{n élgﬁ?@gyg ?Or the circuit el enent
types and val ues. 24. The met hod of claim 20 \/\herel n the method further

conpri ses generatin netlist wth an enal neering tool, after the
connect i ng- of hsan ‘PFEO qlpin heyherein theyaethed fgrther comprises generating a

netlist with an engineering design tool, after the connecting of the pins, the netlist

including information for the device types and values for the circuit elements of the

phantom cells.

20. A method of designing an integrated circuit (IC) comprising:
placing and connecting phantom cells, wherein the phantom cells
represent in less detail actual cells, each phantom cell comprises an input/output pin
and a circuit element connected to the pin, the circuit element represents a device type
and value, and the phantom cell has a footprint area;
connecting pins of the phantom cells to nets in the IC;
after the connecting of the pins, verifying correctness of the IC using the
device type and value representation provided by the circuit elements of the phantom
cells, wherein the verifying comprises:
determining a characteristic of an expected circuit element that is
expected to be coupled to a net;
comparing the characteristic of the phantom circuit element that is
coupled to the net and the characteristic of the expected circuit element; and
determining that the net is wired correctly if the characteristics of
the phantom circuit element and the expected circuit element are approximately

equal.
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i nformation for the device types and values for the circuit elenments of the
phantom cells. -21

21. The method of claim 20, wherein the method further comprises providing the
phantom cells to an IC designer, wherein the actual cells represented by the phantom

cells are part of an intellectual property library.

22.  The method of claim 21, wherein the verifying correctness of the IC is
performed by the IC designer.

23.  The method of claim 21, wherein the method further comprises providing
spice model files for the phantom cells to the IC designer, wherein the spice model

files comprise entries for the circuit element types and values.

24.  The method of claim 20, wherein the method further comprises generating a
netlist with an engineering tool, after the connecting of the pins, the netlist including
information for the device types and values for the circuit elements of the phantom

cells.
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