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BACKGROUND

[06002] 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 circuits (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 need 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 technology changes. New silicon IP,

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



designs can be rapidly changed when the |IC fabrication technol ogy changes.
New silicon IP, wherein the circuits are designed using a new technol ogy,
can readily be used in place of existing 2 silicon I[P, wherein the
circuits are designed using an ol der £echnol ogy. The 1C design can then be
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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
thgir 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 design. If problems are encountered, the

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

designer.



footprint and pin information, it is inpossible for the I C designer to
automatically verify the <correctness of the 1Cs 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 design. If problems are
encountered, the |1C fab nust make the corrections, since the actual
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designer would wish, therefore the 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.




provi des a systemand a nmethod for protecting valuable silicon |IP and at
the sane tine, permtting an |C designer the ability to perform
correctness verification of the IC design. [0010] In accordance with a
preferred enbodi nent of the present idvention, a nethod for designing
integrated circuits (1C using phantomcells conprising designing an IC
using the phantomcells, wherein the designing conprises placing phantom
cel | s of USIMARYY OFpEIHE INVERTIGN connecting pins | ocated on the phantom
cells to nets in the IC, and verifying correctness of the |C design.
[0011] In 81ccor dance with another preferred enbodi nent of the present

i nvent i onl09%] phdhessaneether fralemsae genechlyisgRed@t dirdbBandddeshaGbdhaidit s (10
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A further ta f. a preferred enbodi nent of the present invention is
that the Reﬁgﬁ%&%ngﬁed?ﬂm %Bé‘;ﬁ’&‘ in reEPIReqrse@essvier fidationof e [Odesighe | C
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nynber o{ ICs for nore. )
phantom 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 desi gning 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



custoners. [00151 The foregoing has outlined rather broadly the features
and techni cal advantages of the present invention in order that the
detail ed description of the invention that follows nmay be better
understood. Additional features and advantages of the invention wll be
descri bed hereinafter which formthe subject of the clains of the

i nvent i oRge b a pate those skilled in the art that the
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basi s foguggggjying or designing other structures or processes for carrying
out the sane 5Urposes of the present invention. It should also be realized
by those skilled in the art that such equival ent constructions do not
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conjunction with the acconpanying drawing, in which: [00171 Figure |l is a
figure i I9cteunderstagd. A ddiional tatireseind milomeigepofiiet inearoa il B @kiped ual
property (IP) holder, an integrated circuit (1C) designer, and an IC fab
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utilized as a basis for modifying or designing other structures or processes for carrying out the
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.




protect the property rights of an I P holder during the design process of an
I C, [0020] Figure 4 is a figure illustrating a possible error that is not
detectabl e via the use of engineeri n% tool s when phantomcells are used in
the I C design process; [00211 Figure is afigure illustrating a phantom
cell that does permt the detection of wring errors via the use of

engi neering tools, according to a preferred enbodi nent of the present
inventionBﬂFﬁU%@%XﬁPﬁﬁﬂéQFﬂaﬂiDR@ﬂ@H«Eﬁ are figures illustrating severa
different circuit elements that nmnay be used in phantomcells permtting

t he detecﬁbP of wring errors, according to a preferred enbodinent of the
present i Hvelti on® § BEESPmRfet nderstapdingoftherppesant ink¢ngion) aklithgadasapece fil e
description of a phantomcell permtting the detection of wiring errors,
accor di ngthegohrejrernce iymow madedd iheelovaifig theripioasaRén ih@‘éﬁﬂh&t{%ﬂ wifigk 7 [0024]
Figure 8 is a diagramillustrating an |IC design process naking use of

phant om ca&lcorspangmg airdwing) @ Whgh.-det ection of wiring errors, according to a
preferred enbodi nent of the present invention. 8 DETAILED DESCRI PTI ON OF

| LLUSTRAT] VE_ENMBCDI MENTS [ 0025] The naking and using of the presently

pr ef er r ed%8kBodi Migirs] srdimratugstug i postieleatlhtiondgh G¥weks a5 haubdybhe

appreci ated, however, that the present invention provides nany applicable
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contexts. The specific

[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




enbodi nents di scussed are nerely illustrative of specific ways to nake and
use the invention, and do not |limt the scope of the invention. [0026] The
present invention will be described with respect to preferred enbodi nents
ina specific context, nanely the usé& of protected silicon IP in the
design of customintegrated circuits. The invention may al so be appli ed,
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under |l ying technology is not fixe rre
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hol der 105 n I1C (integrated circuit) designer 110, and an IC fab

(fabri cat® %5 The I'P hol der 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 I1C designer 110. The IC fab 115 is the entity that is
responsi ble for taking the 1C designs created by the IC designer 110 and
maki ng the ICs. [0028] Since the IP holder 105 designed the silicon IP,
often inplenmenting special and creative designs to optim ze the
performance of the silicon IP, the IP holder 105 often does not w sh the
designs of circuits in the silicon P to be available to persons outside of
t he conpany. Therefore, the IP holder 105 will comonly provide the IC
designer 110 with only footprint descriptions of the circuits making up
the silicon IP. Afootprint description of a circuit typically 9 specifies
the physical dinmensions of the circuit, along with a list of input and

out put pins. The



footprint description of the circuit, along with the input/output pin
information is sonetinmes referred to as phantomcells or phantom vi ews.
The footprint description in a phantomcell typically will provide the

di mensi onal specifications of the actdal circuit. For exanple, the
footprint description may specify the wdth and depth of the actual

circuit. Note that the phantom cells will normally not contain any

i nf or mat iRETABBIDEICR PTG ' h@p@l  portion of the
circuit. [0029] The IC desigﬁgggg§gﬁﬁgggﬁ?ﬁgﬂgﬁgﬁ?gggcelIs in the design of
ICs, as if they contained the actual inplenmentation of the circuit. The IC

desi gner 88251 woullkr malineatd using opthamtesentlyaird forred digioatndn@rdiQNEEEd, detail
i nput/output pin information, to other phantomcells, clocks, power

suppl i es,belodaltahoulpbié sppredadted, RIHAILL hat BB ~ | et.e..the IC
desi gner 110 sends th?pcorrpl sted  desi gnglfeg&ttkgl%%nfp%&%i%%%éﬁlf@ef ab 115

has possgg&hai: ard cells as.created by _the IP hol der
105. The P hol %fé‘?ép%ggﬁ%é?ﬁ%? S 0t%%l9 T (geevaflﬁtgrogsﬁegl RGoWete The pregifinat | ve

(unl ess teh o|1P G%l der 105 does_the IC fabrication as well), and since
usual 1y, FHIFEeRE dsiussed g mery Busiviznok mecifis paysdb shake a0Esaid itvestionC f ab
115 pertaining to maintaining secrecy of the design of the circuits in the
si |'i con 13nd dpgetdoyit thgcapeof thb inveMtianepl aces t he phantom cel I's used by the IC
designer 110 with the actual circuits fromthe silicon IP. Since the IC
desi gner IS t able to performcorrectness verification onthe IC
desi Sn, t[éeéﬂﬁ] C fab® llrf%e“glé‘P’?f@Pwﬂﬁ%%d%Hﬁeéé*tlihégss)e%t@ prefegrad ewhodiBenicia al C f ab
115 is perfolpm' ng the verification, it ends up costing the |IC designer 110
mor e t harPPPHNY fetoxE nagelyitherise ofiproteoiad sitibdndPtin theeledign of dultemvsteirhiegat i on.
Additionally, if the IC fab 115 has a lot of

circuits. The invention may also be applied, however, 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 provjde the IC designer 110 with only footprint

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




work, it may take an extended anmpbunt of tinme prior to the IC fab 115 being
able to performthe verification. Also, the IC fab 115 nay not be able or
willing to performa correctness verification 10 with a |level of detail as
great as the I1C designer 110 wi shes. Pf errors are detected, the IC fab 115
notifies the I C designer 110 and the IC design is nodified. Once the

veri fi catpasifics th 2 tignentib® oftife &SRB -eat .he. 1C and .returns the
conpl eted pr oduce?)(h'?ao3 the 1C desi gngélr%gli’%&%g%@%llﬁ%tlgglﬁ% PYPW 05 e ng

probl em tehadrRG : a L.Cis not fully verified for correctness is an
i noper abl e rg? F%@gt%%gt e?ﬂg%gra 13?{1}(g Wé‘;h ﬂ{‘ednB%@é*tpP%P idefmstion Beemelieest he | P

hol der %ggno(ﬂlo%(l Bﬁoﬁj ded the | C designer 110 with phantomcells, it is
very difficurt rd & §5eS Qeidiagiery viewst Ghe &otpsint dagcription o pleatonasl of t he
design. Automatic design tools, such as tools comonly referred to as
Layout VARG 8 pieside the(div@)sionaloipecifiauinnd ofchemiual dul Fok 86t of the
designs since the phantomcells are enpty. This places the verification
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of performng. [0032] Wth reference no

di agr am Qtli@williBrhal 3 ossi bl e, sequence of actions perforned

by the I P hol der 203% %%%‘%%P@é‘?g%%g‘?’oﬁg%%ﬂﬂﬁwﬂ@ﬂwf the &nefionglcon | P

t echnol Og%rtfogo‘?ﬁlel C desi gner (not shown) sends a set of phantomcells to
e

the 1C desigrer<Chfghii ght 206). The phantom cells usually do not contain
much nmore information than the footprint of each of the circuits in the

silicon l[jv®nd tige] I i gHrati on for e circuits. The IP
hol der 20[5 Wlﬂ]l I, uploqlm:(g:{fogg&'?lrigt?:)'ki %Jeeslﬁﬂ él(régtg)%le tfs msdé%‘%s%?gf{égt%d? they Qataired

desi gns ' j ) tp.an. I C fab_(not shown). Additionally, should the
P hol dertﬁ%g%%n%géné%lgaa%n ofth Circutt . T%e I((J 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 alternative (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 circuits 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




he designs of the circuits inits silicon IP,.it may send the
383::2: Eg Ehg I C fgb (highlight 208). [0033] Wth reference _ng}/vto Fi gﬁgg
2b, there is shown a diagramof an IC designer 210 and a p055|10 e seﬂu
of actions performed by the I C design& 210. The IC designer 210, gpo
licensing a silicon I P technology froman IP hol der (not shown) an

r ecei vi ngithhdeyehefde@inas etehSas the Mets%g 170 Qf%hg% "Iﬁ %af!: h%%cingr#é)[c ?aﬁg' sto

design its 1Cs (block 212). Once co Tete Wit c
eNEs I e hi ghl i 3) to an IC fab (not s omn)
Uhor o - eor SR eipfert ) SRS iy o e %Jmaﬁxew&aﬁ@aom tssomploB3p W t

215 and a
o Fj there is shown a diagramof an IC fab

Lilif&” Z?QE%Y}Q%@@&%? H’ﬁi@@%?%@-‘r%?@?@l@l%@p@ﬁ@tt@h&é@d&i@zr Miee | C fab 215,
upon entering a contractual agreenment with an I P holder (not shown),

i silicon IP fromthe |IP hol der
(hi anl gt ah gy A FREmbES oEur B Se el Bises adnieis et IClegngn
t shown Since the | C designer is
(n(r;![ g2|b: g%“g%%e%sflé F‘W"B"cﬁ?tflceg g@g@&g@gﬁ‘;@m@ nm):et falerida@df B&Ea&kﬁlegﬁ bIIENS o
the I C design and once the testing is conplete, fabricates e
T ESE 'b|n gcﬁn% 9@@? progyfied thegﬁrdea'gmdrdho iwith plempdre tdls, it ReehyQifRRI %%eﬁetd'é&@%e the
conpleted 1Cs to the I C designer (highlight 219). [0035] As discus

d usi ng
140t eeify e desicgRsUTORARSigh St KB Bl 8l Hhétf war
BLS\rlllt glrjnscg?l S. Tyhe I C des?gner cr ggt es a ccust PEUSTA 0{9)% awg'om cells

long with the pin
provi ded réf¥red B@s 1. Jo‘il ﬂ%ﬁs Sc-ﬁgkﬁ%t & Et\/@ 103k cl.':url]r}c S Hh%%orrgctness of the designs P
i nformation, provides the neede

since the phantom cells are empty. This places the verification onto the shoulders of the IC fab

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
(highlight 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



i i for placing and connecting the phantom cells. Wen the design
Iopf?LgaE::JgPom I Cpi S cgrrpl ete,.the | C designer. sends the design to the IhC
fab. The I C fab replaces the phantomcells used by the |C designer wt ]
the actual circuit designs and tests the design for correctness. OnceF_t e
design is tested, the I1Cis fabricated. [0036] Wth reference nowto Figure
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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




invention. [0038] Wth reference nowto Figure 3c, there is shown a figure
illustrating an actual circuit ~design 310 replacing a phantomcell. After
the I C designer conpletes the design of the IC and sends it to the IC fab,
the 1C fab replaces all phantomcellsl2n the design with correspondi ng
circuit. For exanple, as illustrated in Figure 30 t he phantom cel |l 305,
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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 3¢, 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 3c, the phantom cell 305, named IPCELL is
replaced by an actual circuit design 310. The actual circuit desigﬁ 310 contains a description of
the actual circuit that implements the phantom cell 305, IPCELL. If the desi gn contains more
than one instance of the phantom cell 305, then the standard cell 31 0 may be inserted into each
instance of the phantom cell 305. Alternatively, the standard cell 310 is inserted only into 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



Wth reference to Figure 3d, there is shown a figure illustrating a
E)g(r)?ﬂ)n of an IC wth a phgntom cell after the phantomcell has been
replaced by an actual circuit 350 froma silicon IP library. As _
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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

1s 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



as floating (nmeaning that they are not connected to anything). As such,
correctness verifications generally cannot occur. [0043] Wth reference
now to Figure 5, there is shown an exenplary phantomcell 505 that permts
correctness verification, according tbta preferred enbodi nent of the
present invention. The phantomcell 505 differs from phantomcells
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cel | rraygelkf‘éalb”fcatnﬁéowne type, for exanple, resistors, capacitors, diodes,
transistors, and so forth, or they my be a mx of different circuit
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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 is co@eeted to
pin A, then the net, NET A, will be connected to circuit element, 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
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[0045] 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 Fi gures 6a through 6d show four different circuit elements:
a resistor (perhaps a poly-resistor) 605 (Figure 6a), a capacitor 610 (Figure 6b), a diode 615
(Figure 6¢), 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 Sk, 6k, and 7k ohms, then

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




referred enbodi ment of the present invention. As illustrated in
}:iogﬁrg 7, the spice nodel file 705 is describing the phantomcell 505 ]
illustrated in Figure 5. Because there are circuit elenents coupled to the
pi ns of the phantomcell 505, there al@ entries in the spice nodel file y
705. For example, if the circuit elenments were resistors wth values of 5k,
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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,



for fabrication (block 825). Wth the 1C design sent to the I1C fab, the
process is conplete. [0049] Although the present invention and its

advant ages have been described in detail, it should be understood that
various changes, substitutions and alt®rations can be nmade herein w thout
departing fromthe spirit and scope of the invention as defined by the
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to the present invention. Accordingly, the appended clains are intended to
include within their scope such processes, nachines, manufacture,
conpositions of matter, neans, nethods, or steps. 18 WHAT IS CLAIMED I S: A
nmet hod for designing integrated circuits (1 C using phantomcells
conprising: designing an |IC using the phantomcells, wherein the designing
conprises placing phantomcells of desired type in the I C connecting pins
| ocated on the phantomcells to nets in the IC and



verifying correctness of the I1C design. 2. The nmethod of claim1, wherein
there is a single circuit elenent coupled to each input/output pinin the
phantomcell. 3. The nmethod of claim2, wherein each circuit elenent in a
phantom cell has a unique value. 4. Th®& nmethod of claim3, wherein the
circuit elements in a phantomcell are of the same type of circuit
element. 5. The nethod of claim4, wherein the circuit elenents are

resi st or WHAT ISGAARMIEROS: of cl ai m 3, wherein the circuit elenents in a
phant om cel | are of a mxed type of circuit element. 7. The method of
claim 3, V\,her té%ﬁr is a plurality of phantomcells, and wherein the
circuit el eme Ige ShiesisHugipsratad Plfc‘mﬁy(lﬁéudngIﬂfenbmceﬂmcctrymsmfgrom t he
circuit elements in another phantomcell. 8. The nethod of claim 3,

wherein there is @élmlnugraaIICuyng)fhemhanbmmlﬁﬁwhﬁemmm%@ﬁgb érrﬁg@ circuit
elements in all phantomcells are of the sane type 9 e nmet hod of

claim1, wherei npltdieg phaanhodis ef desir g(p%xg R to circuits froma silicon
intellectual property (IP) library. The mét hod of cl aim1, wherein the
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verifying correctness of the IC design.

2. The method of claim 1, wherein there is a single circuit element coupled to each

input/output pin in the phantom cell.

3. The method of claim 2, wherein each circuit element in 2 phantom cell has a unique

value.

4. The method of claim 3, wherein the circuit elements in a phantom cell are of the same

type of circuit element.

The method of claim 4, wherein the circuit elements are resistors.

6. The method of claim 3, wherein the circuit elements in a phantom cell are of a mixed

type of circuit element.

7. The method of claim 3, wherein there is a plurality of phantom cells, and wherein the

circuit elements in one phantom cell may be different in type from the circuit elements in another

phantom cell.

8. The method of claim 3, wherein there is a plurality of phantom cells, and wherein the

circuit elements in all phantom cells are of the same type.



(LVS) tool. 12. The nethod of claim1l1l, wherein the verifying conprises:
determ ning a characteristic of an expected circuit elenent that is
expected to be coupled to a net; conparing the characteristic of the
circuit element that is coupled to th®dnet and the characteristic of the
expect edﬁ;ci rc%iét eélgrrent; and determning that the net is wired correctly
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wherein the IC design is incorrect if at |east one net is incorrectly
wred. 20 15. A phantomcell for use in designing integrated circuits (I1C
conprising: a } a, wih.dth and length, at |east one pin in the
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(LVS) tool.

12. The method of claim 1, 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 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 circuit element

and the expected circuit element is approximately equal.

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

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

incorrectly wired.




ntomcell of claim16, wherein each circuit element is a _
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a poly-resistor. 19. The phantomcell of claim 16, wherein each ci rCU|h
element is a capacitor. 20. The phan®m cell of claim16, wherein eaﬁ
circuit elenent is a transistor. 21. The phantom cell of claim 16, erein
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a circuit element having at least one terminal, wherein the terminal is coupled to the

pin.

16.  The phantom cell of claim 15, wherein there is more than one pin in the phantom cell,

wherein there is more than one circuit element in the phantom cell, and wherein each pin is

coupled to a terminal of a different circuit element.

17. The phantom cell of claim 16, wherein each circuit element is a resistor.

18.  The phantom cell of claim 17, wherein each circuit element s a poly-resistor.
19. The phantom cell of claim 16, wherein each circuit element is a capacitor.

20.  The phantom cell of claim 16, wherein each circuit element is a transistor.

21. The phantom cell of claim 16, wherein each circuit element is a diode.

22.  The phantom cell of claim 16, wherein each circuit element has a unique value.

23.  The phantom cell of claim 16, wherein the circuit elements are of the same type of circuit
element.

24,

The phantom cell of claim 16, wherein the circuit elements can be of a mixed type of

circuit element.




