; CDe3e"F6" C, Bj 6T6-0 MODI FI ABLE SEM CONDUCTOR Cl RCUI T ELEMENT Fiel d of the
~Invention This invention relates to sem conductor circuits, and nore
particularly to circuits having rmultiple conductor |ayers. Background and

Summary of the Invention In the design and devel opnent of s mjm
integrated circuit chips, it is often necessary to generat Jmmmm m”mm,
iterations until an ideal design is reached. At each iteration,.gggf ormance
characteristics are nmeasured and anal yzed, and adjustnents nmade to tune
performance as needed. In addition, design requirenents may change,
requiring further changes. These issues are particularly si glmllluﬁmmﬂlmmm
Application-Specific Integrated Crcuit (ASIC) chips, which

designed from standard el enents for each new product or appli catsc@m* To
avoi d the substantial cost and tinme delay to regenerate the nultiple nasks
needed for the nmultiple layers of a chip upon each iteration, ASIC chip are

typically provided with extra cells, q | oc - ot her standard
functional circuit #Mngggppﬁﬁ&yémlﬂﬁkﬁ%ﬁ ex bl ocks or may
be sinple electronic elenments. Wen design revision is needed for a new
iteration, experimental changes npyRg aBf@ntiénh t he existing chip by
operationally connecting or disconnecting a spare cell as needed to the
exi sting maig;GhiGHbd felates thksmiehribescichaii, gnd meteipeitonladpto it o vise t est ed
pronptly and w thout the substantial cost of a new nask work set. The
changes nmayy,lhglc badactbylaj@cused i on beam (FI B) technol ogy, which may be used
to sever existing netal traces, or to deposif _ a conductive "junper" to
colnlnect S;(i sting tracef.tT_ prind pRd .-4!5'5 loweiI t(g) ag,h 2 spare
cell, and/or to connec e input or o ut. Duft chish it ik efdhe prinary
circuitry, thiss dFW‘f‘idﬁ&q?R‘“‘? 0{‘ﬁg"%olnr%cgcfrtlr}tgér?légggzlut icolﬁ, ‘the use of spare
cells of circuit elempnts l3$;@hithsYnaf 44 iddaPlesighid RAEBA.I AQeaek partiorent al
changes pr"(‘}?/eéf‘?ryovgﬂl%gﬁ%%e*aﬁgata?or? in alprot otype, because the needed
circuit el eppnt.nal iaAdKs Stesn@Burtdendmahlyzql sdmepkinicalpersds QB i t i s
general |y 'necessary to change only one netal mask |ayer to conpect the cell
i .nzﬁ t[]e ﬁj’cH B aineCzisrrf[eetlcti!’jA?[ adfifties, deEmé rWﬂdme“?ﬁméﬁ 'etreﬁ?lgg%@ : ?uf ﬁcjt ur ed
wi t hout changi ng nost existing masks,..and_ w ut. u echni ques
that are idwureastThesd isfuss atspRticraty Sl&?iﬂ“r”éf"f%P@Caﬁ%ﬁ‘héfﬁ%gwr| Rg. while the
use of spare cells. of. circuit e ELBaodinbis fh bR ne® padduect i ve
for devel dprER{ASL) SR “g&cilf’s[ws‘%e H&E%éd ﬁ&qé i rcui it

ng rntegrated circuits, it is often

unsui t abl e forl.cgtpen increasingly fine and dense netal patterns on many newer
chips, par¥PRUIAHY those with increasing nunbers of netal layers, This is
because a NMgt,akoilikRGAbI R @Readitght dethgso regerterniaibe ewbiplenaskapcdekiop e
beneath other netal |ayers. Wether one needs to sever th%. Jace or to
connect a themmpltipletiayoaf aichiprpgn prshiigptian G chip 3rdEP &Y RIYHSHE damagi ng
overlaying circuitry that nust renai di st u i eROENRT 8&RLelIsANT T ON
over comes ke celisparbickopissals of i crpsé%'garg?’fn Cgélnaﬁpggc\?ﬂnéll ng an i nt eegr at ed
circuit chi avi n substr 1 BEVEE AdleRiey Vaydnnigsipetealsionayers. A

| ower met dPBF QPP&§%§§F %re%%;lfehs\éﬂl@ggstrate and an upper |ayer is spaced
above the | onar | Averieratids, GpkRmbasd chirdpetinky be mat|tuthengis@neraliiisr of circuit
el ements, and a nunber of access el enents, each associated w th and

el ectri cal 660N ebedcing wdacaictting acspare o¢lt aseleeded i e eS8 Rt ess el enent
includes first and second termnals in the IO\ﬁ/\%r Iaigr, aiﬂ%uftﬂe el ongat ed
span el emegiouitsy. Thie conbirerdesignywrisiomoatiansdnbeieafErPMRREE Yiiod e ng
overlaying and electrically connected,tg the fir foR@led BAthe@nSecond
end overl agubﬂgltlah@S‘e?fééFWifﬁaéFW’ﬂﬁ?ﬁngéff g@“%eg n%aﬁﬁgnéig%%%fot erm nale. One of

the termnals may be connected to Dravide.ReWekal Ghced o @dwpediion to the
i nput or o@{@dﬁdlﬂ?lo@hé’%ﬁg%a iebz§13tu§e tgis%tgﬁs egemsant. The chip nmay then be

nmodi fi ed by severi.ng the span.elisi@ntaces0 ThiRynaybiemedittd mgpphi@wsp@® el enent to
ot her ci rc%ﬁ“?‘%%\;‘v%d“‘tgﬁé gﬂ opto dli ggbl e or enable operation of the circuit

el enent .



3 Brief Description of the Drawings Fig. 1 is a sinplified plan view of an
_integrated circuit chip according to a preferred enbodi ment of the
invention. Fig. 2 is an enlarged view of a circuit elenment according to the
enbodi ment of Fig. 1. Fig. 3 is an enlarged view of a pair of access

el ements according to the enbodinent of Fig. 1. Fig. 4 is an sectional view
of an access elenent taken along line 4-4 of Fig. 3. Fig. 5 is an enlarged
view of a pair of access elenents according to the enbodinment of Fig. 1 in
nodi fied conditions. Detailed Description of a Preferred Enbodi ment Figure
1 shows an application specific integrated circuit (ASIC) chip 10 having a
plurality of interconnected circuit elenments or cells 12, each of which
typically has a standardi zed function, and which are arranged to provide a
custom zed chip function. Although a li4vited nunber of large cells are
illustrated for clarity, actual chips typically contain hundreds of

t housands @fieGell lafid/oniotddnemrgidic irgut erouérs eSsuplep Y A REIHFAY B Ph B hi p
circuitry includes several spare circuit elenments or extra cells 14. These
are sel ectiegrting ihmvke fitgndt i ons that may be desired in the event of a chip

design refinenent, such as often cur. ' iy ot ot ypi ng.
Sonme of t he I8pdtion: geuse ghspagefs lsccgﬁryg/mg?lg[g%dﬁgggggg@@ g%q?{ﬁé&%??%ar y

circuitry el enen SLNANE niBRYEABoEheGstbpd, bycatannendedel ciani
opt i onallyexﬁ?rérg%ntﬁaaecgi%fgégé}g‘r/ tﬂe}ii ng desi gn c%nges. As shown in Figure 2,

each spar e, el aildd BELYOE heandltiple iasiniaers iand i gehtralbkneréssa ICTHARE or nor e
access elenments 20, with two being preferred in the illustr edﬂfﬁgﬁ' In a
typi cal i n&flpaieanectilmesk layentp coticeidhe aad! it the Prpart CEGHBL; PUPA MY a set

of interconnected gates, and having a.logic i. lin . : ut put
i ne 24, Tl mpibe AnasBH P RS T AL e I Ae D

el ements, as wil] be di scusse : ArSmalgmaning. 20 have

respecti VJIQ%?C@PWB?S%%%%‘C |a5nc4??ér{§\£ﬁcé%mﬁ§?ﬁextend frotr%%t he cell 14, and
whi ch may C%‘F?ecﬁ]e 1@ BEDBE cdisoE Hikdultldnfenieai FEmodification éy affertivedor

embodi ment's, the ¢ircuit bl ock may include any circuitry or conponent that
is used ongRBlopMERSr lnetkxisting uritdgrated ¢itpuisnél 1o W@Jl%‘éé%fsth“e’l“éﬁ?%géy

provi ding a connection to any el ectrical . node. O@Ut e i nq}] uded.circuitry.
The 4 cifireuint dynsnewtil petersendpagy pgyeq] YYSPEIFRUY 11%° Ybut may T ncl ude any

el ectroni ¢ conponent or copponents incl udi L SiD@dsROtlceqenRt S, or
passi ve cdﬁdﬁdﬁé“rﬂfé‘?e‘ﬁ'%é(eré'cﬁéésebeef%uﬁ%ﬁ seﬁggg%tﬁag% belg?onﬁect ed to input or

output lines, but may additianalleVs. Ahdhd: @hdRdetiy@lsyvebehe trace or to connect

inaccess

a jumper trace, it may be impractical to do so without damaging overlaying circuitry that

must remain undisturbed.

The present invention overcomes the limitations of the prior art by providing an
integrated circuit chip having a substrate with several overlaying metal layers. A lower

metal layer is adjacent the substrate and an upper layer is spaced above the lower layer. The

chip has circuitry including a number of circuit elements, and a number of access elements,

each associated with and electrically connected to one of the circuit elements. Each access

element includes first and second terminals in the lower layer, and an elongated span

element in the upper layer. The span element has a first end overlaying and electrically

connected to the first terminal and a second end overlaying and electrically connected to the

second terminal. One of the terminals may be connected to provide power or a connection

to the input or output of the associated circuit element. The chip may then be modified by

i ircuitry on the chi
severing the span element, or by connecting the span element to other circuitry P

to disable or enable operation of the circuit element.



connected to any of power, ground, clock, control, signal or other l|ines
_that a circuit element mght enploy, and which would be useful for

enabl i ng, disabling, or nodifying circuit function. The illustrated cell 14
is a spare cell that is typically disconnected fromother circuitry, so
that the connections 26 term nate at the access el ements. However, the sane
arrangenent is also enployed for circuit elenents included in the primry
circuitry of a chip, that is) the circuitry that is operationally connected
upon initial manufacturing. In this case, the connections 26 are connected
to other circuit elenents to provide integration of the circuit. \Wen the
access elenents are thus used in a pri ﬁary (non-spare) cell, the access
element is the sole path providing electrical connection to the associ ated
line. Figure 3 shows a detail Dok el ements 20. Each

el ement has an el ongated conductve. span .el . g I OMLO6S

el ectri cal Ekﬂnhéé’t%”&ﬂl‘fg"éit He‘gﬁg%ré‘(§§e§gléerdt01rfg l?‘?é%lp g%gwsﬁggétg%&ﬂ%fg?eﬁ‘i nal s 32,
34. The lines '22[’1t0%ﬂ’lefi£\9 ithe circuit element 16 are connected to the
respecti v&™ ?q‘@f: er i nal s, and the connections 26 optionally connect to
other circupf, PlOmkalarded Gibneorh Gdaitslemestectdrdinglo tie ewbafimettef Eier Lict ure of
the access elenents 20. The chip 10 has a silicon substrat 6 wth a
plurality ofigoyerdnaylargd icveofraataired asasssalemangipoegiding i he e‘i"ﬁ?fg?’gr.‘to egi nni ng
at the upper surface 40 of the substrate the |ayers are: insulating |ayer
101, netafFig hyer M1, insulating layer | 12, netal layer M, insulating

| ayer 123, tal |ayer ] |.at i al orppes. M, with M4
bei ng t he ug';%e‘?ﬁtf‘gtsgcﬁkwgrawen‘%gfﬁrag%ggc ?ﬁg%&ktehgl%g%gg‘%rate.bge% shown, the
metal |ayerg agféaﬂ%ﬁﬂéf‘gﬂiivfe@ O 2 PRlrF acdasileleimntsiav@ding td theempadimentoéd r egi ons
of metal, wth the a Jacent portions of the layer filled wth an insulating
material g piPvbaided balditiopar al | el layers. Simlarly, the insulating |ayers
are not entirely insulating, but may include caonductive plugs or vias that
provi de an el ectrical coBstated Beschptiopda PEprEed OHRAY | ayers. As
illustrated, the span elenpents 30.are fo 1N AL | ayer M4,
and the ter Hignesl lsshgys amapplipation sRec bcclgggrageﬁgﬁgﬁp(%é%a#grp%? med in the

i medi atel y | ower. ne i Well B, ERS REGhicH &ypratig hafa each span.
In practi 8%é/'fal‘%{?{%t?rc%%leecgﬁégé%w%%%%u%per span may function equally well as
term nal Ss%ﬁ&:cﬁz&%ﬁh‘?i%j £ Whithokh@fanged 0 prdvide aofustomizad chipdunctigliled conduct or
trace may be made to the upper |layer. An associated conductive yia provides
connect i onheigheamitdleusparfdngsceidretiHestatsd foreiarsy, aetl shipp SPEANe i s
unused in the standard access element illustrated, .In et %ledl ‘?‘X@Ebﬁ&" 1, a
ground | i nentaig hondzedsay thonsands af cghyy Wath ongoipgceatss Pras #1USHEl's "Contect ed by
vias 46 in insulating |layer 101..A V (] r Sar@RelbctédsStb amet 52 and
a sur r ound@irYmnRGRIATS S8YT lﬁpzfrﬁgrcsubtbcéetn?eg%sedrgﬁtaas %ggg?n:r lfl%:\élrl y connected by vias
54 in ins%n%{ign@qhgt%%eggg]mdme Velgle 8nony @uid réfinepsntestek adofrerosensli cul ar | y
to the illustration, “and are sinple shunts enployed in all standard cells
to provi dgmqg,;trﬂwabm&dtqm etdypirgardomeadflacent cdlsiarestypirHydkscapneciidt
essential to the access elenents 20 in the upper layers. L~ alternative
enbodi Mentemh pliimgirtuiey peotws i BAndRReS R OF FITHEL Irepreeisdu®® and gr ound
bet ween adj acent cells, the | ower | agers and substrate may be provided with
any al t er optionay diseronectasdor Eptr@iesipy chaB8%s fi cient |y use the space in a
manner unrelated to the function g it bl 16,384 @ece, the

| ower | ayer $s5agvn RdigHie ’ceia&c%erc{?ﬁé% ﬂ%k@%ﬁ@%ﬁ@&?ﬁ%i rcuit el enent 16, so
that the access el enen i (2 lb¥inP dFdféraddliy the Viafstratyd cdshelnasigwedl at ed
circuit eloé%macf%sglg%%rgrgg@ﬁ@hzt%loglggi The Ground and Vdd |ines 42, 50 may
be consi dered A% QXENHIoRT1§ MAtsdiosihithutidigrrsscos! intiwontickd 6Mes épd cui t
element. Typically, the upper netal |layers M3 and M4 are. used forCteol
connect i ongvikeh Wearinpelins 22,andan busputdine P4 nEReaPPYALP PRI PG RYVEFE used

for connections within cells. As shown in Fjqure 5, 5.6l ements 20
may be nodo fespadtinyackess alEBENI.GH “yéamhew@}l bﬁ’é’?’h&%’ﬁ a%Cre”Beﬁe"g"tq’%er met hods. In

the illustration, one span_has b P¥he@elll 8 ah@whichWisleomegap 56
prevent i ngcs@Eﬁ*‘l”éﬁ’fte‘f“P]cﬁW“b@f'%g es?ﬁé%at?g%?ﬁ{ nal's. The other span u:dS i ntact)
and a conductive tra a5 RS depesdiiinests, bye archit Bloclerte mgdludgafyr om t he
span 30 t ¢° 8551Frc‘ﬂ'icfnrtv(%§?egge 'erg on ltvhe chip. In typical inplenentations,
both are Igkaly of Qi @a&itvat ishedsaras intgateremtnt, with hes olth2&&¥er ed, or bot h
connected to respective circuitry. Spare unused cel l(g’ are.conﬂ]%ct ed by the
trace depQwmdn@iproadide promectiondehysletiicabnodann 8 BUECAGEFPRY "1 6 some

i npl enentations, a single span nay be severed and one or both sides
connected by a deposited trace, so that the circuit element is disconnected
fromone circuit portion, and reconnected to another. The devel oprment

o o o - .




In the preferred enbodinent, the termnals are 1.0 m i
.the span elements are 1.2 mcrons wide and 6.0 nicrongrfgagg &ﬁi?enzhgnd61
above is discussed in terns of preferred and alternative enbodi ments, the
invention is not intended to be so limted. For instance, the nunber of
nmetal |ayers may be varied widely. The span el ement nust’renain on the
uppernost |ayer used in the cell, so that other netal patterns to not
overlay the span. However, this may be inplenmented in designs with as few
as 2 netal layers. In other enbodinents, netal layers may be |ayered above
the layer containing the span, as long as no netal pattern overlay the span
in the region of the access elenent. REPLACEMENT PAGE DATED 17/03/03
Claims: 1. An integrated circuit chip (%0) conprising: a substrate (36); a
Flurallpy of netal layers (M3, M4) overlaying the substrate; the netal ’
| ayers i nclydi;Rgn&dlons dikiay &gid diditachacentndiiie asudstiraiceomneneaterupper
ayer (M) spaced above the lower |layer; circuitry including a plurality of
circuit el esmpéieniijuding dchiee satpgtelemants, of RIFIYCACMPYNEHS: dde BEESSH @Bt s Y
(20), each associated with and el ectrically co H?Ct%d to.a S ed one of
the circui mesl mbpeanedeki 1‘&6’6%@1tl§%té‘ﬂ‘%§nt’“tinﬁ’é'|aagfl Ry © %l}erﬁna?fg‘llﬁ %2) in the

| ower |ayer, an elongated span ef - . i
[ITst end GuRERay I Shio et oRp: BPTY ety r et RRSIA BERLICERAY ©

second end ngél%reF%YJ NGLARKGM il b uSaa FRdnbiBing] digdblifE4) modféngdiruit he circuit
gl)errent gas plar ATt y of interface nodes (22, 24) which all nust be

ol gﬂgﬁz ;9 atr?g]cqt,llner portions of the circuitry for operation of the circuit
The illustrated cell 14 is a spare cell that is typically disconnected from other circuitry, so
that the connections 26 terminate at the access elements. However, the same arrangement is
also employed for circuit elements included in the primary circuitry of a chip, that is, the
circuitry that is operationally connected upon initial manufacturing. In this case, the
connections 26 are connected to other circuit elements to provide integration of the circuit.
When the access elements are thus used in a primary (non-spare) cell, the access element is
the sole path providing electrical connection to the associated line.

Figure 3 shows a detailed view of the access elements 20. Each element has an
elongated conductive span element 30 that provides electrical connection between spaced
apart first and second terminals 32, 34. The lines 22, 24 from the circuit element 16 are
connected to the respective first terminals, and the connections 26 optionally connect to
other circuit blocks.

Figure 4 shows a sectional view of the structure of the access elements 20. The chip 10
has a silicon substrate 36 with a plurality of overlaying alternating insulating and metal
layers. Beginning at the upper surface 40 of the substrate the layers are: insulating layer 101,
metal layer M1, insulating layer 112, metal layer M2, insulating layer 123, metal layer M3,
insulating layer 134, metal layer M4, with M4 being the uppermost layer most remote from
the substrate. As shown, the metal layers are not entirely metal, but may have limited
patterned regions of metal, with the adjacent portions of the layer filled with an insulating
material to provide flat, parallel layers. Similarly, the insulating layers are not entirely

insulating, but may include conductive plugs or vias that provide an electrical connection

between adjacent metal layers.



wherein at |east one of the nodes is electrically isol

_portions of the circuitry and connected to one tgrnina?tg? ILgnggggsgther
element. 2. An integrated circuit chip according to claim1 wherein, for at
| east one of the circuit elenments, one of the termnals (34) is conhected
to the circuit element, and the span elenent is severable so as to

di sconnect the circuit element fromthe other termnal and any connected
circuitry. 3. An integrated circuit chip according to claiml or claim2
wherein the circuit elenment has an input node (22) and an output node (24)
and wherein the access elenent is connected to at | east one of the input ’
and output nodes, and the span elenment is severable so as to functional

di sconnect the circuit el ement. REPLACEMENT PAGE DATED 17/03/03 An Y

i nt egr at ed oGk GHktd, G PameieaEi BYatdoary inthe upfer oicsl trgeriMf.ond tiencl udi ng an
el ectrical connection (26) between the span and the circuitr | i ed above
t he uppeherhapir32, Moficatleasoess egmeny 20are frmedindbeErardiriely “%%W?é%?ﬂ’g?edf cl ai ns

| to 4 wherein the chip includ iti
| ower 1| a6 belny toeeeER By S kgt e ST Gonds B Bl upilrkpdiC O the

circuit chip accordi t ny . [ b6 @i i i
aver (15 REEGEGAL IR EoRB A FE bR f ol Gt Runpary o ve

i nsul ati v, 8% Efadd &fdy e ok ASthé igqen provi
) y a h éﬂ)er aivert ey Bdmtddicohdeti mpro¥ideA net h
manuf acturing an intéegrated circuit (10) conprising the stgps: prSSid?ﬁgog

> Ub|5t I at @ondBon HENRH Bleispah @dehccthie terilb@ls. Meyal bryen M issumsdriadhe, i ncl udi ng:
tﬁg ZLBggzaﬁgrggg;;énggﬁggiggvl%yers fncludlng a bo | ayer. (MB)adj acent
efn i) laxgs b @ BEB¢ m\fAﬁ%O‘f% Srapf ayer ;

44 in the substrate and is connected by vias 46 in insulating layer I01. A Vdd line 50

overlays an n-island 52 and a surrounding n-well 53 in the substrate and is similarly

connected by vias 54 in insulating layer 101. The Vdd and Ground lines extend

perpendicularly to the illustration, and are simple shunts employed in all standard cells to

provide communication to linearly adjacent cells. These are not essential to the access

elements 20 in the upper layers.

In alternative embodiments not using the preferred means of transmitting power and

ground between adjacent cells, the lower layers and substrate may be provided with any

alternative functional circuitry to efficiently use the space in a manner unrelated to the

function of the access element. For instance, the lower layers may include circuitry of the

associated circuit element 16, so that the access element essentially partially overlays the

associated circuit element to conserve chip area. The Ground and Vdd lines 42, 50 may be

considered as extending functional portions of the adjacent circuit element. Typically, the

upper metal layers M3 and M4 are used for connections between cells, and the lower metal

layers M1 and M2 are used for connections within cells.

As shown in Figure 5, the access elements 20 may be modified by Focused Ion Beam

(FIB) methods or by other methods. In the illustration, one span has been severed by a FIB
to provide a gap 56 preventing current flow between the terminals. The other span is intact,

and a conductive trace 60 has been deposited by a FIB, extending from the span 30 to

circuitry elsewhere on the chip. In typical implementations, both are likely to receive the

same treatment, either both severed, or both connected to respective circuitry. Spare unused

cells are connected by the trace deposition, and primary cells are disabled by severing. In



formng a plurality of circuit elements ( 16) on the substrate; and formng
~a plurality of access elenents (20), each associated with and electrically
connected to a selected one of the circuit elenents, and each access

el enent including first and second termnals (32, 34) in the |ower |ayer,
an el ongated span el enent (30) in the upper layer having a first end
overlaying and electrically connected to the first termnal and a second
end overlaying and electrically connected to the second term nal, and
operating the circuit ( 10)) analyzing the operation, and reworking the
chip by severing at | east one of the span el enents (30). REPLACEMENT PAGE
DATED 17/03/03 8a A nethod of manufactuging an integrated circuit ( 10)
conprising the steps: providing a substrate (36); generating a circuit (

12, 14) on the S bst , Al il cefnebRE 8 2| ayers

i ncl udi ng 7 %”F“&?&“ R%E&e ﬁhﬂ&isﬁﬁﬁgygﬂﬁgﬁpg%ggand an upper 1ayer ( M4)
spaced aboyg,{ihg nlaé)é/\@d' th'atatYl@Elrcuﬁtcbﬂdﬂdﬂglsahqabrufealedi frymohe cirquitypottioa) adent s ( 16)
on the substrate; and formng a plurality of access el enents (20), each
associ at edrevérinbetadid agbthet ri cal |y connected to a sel ected one of the circuit
el ements, and each access el enent_ including fir and se Q d termnals (32,
34) in the VBWEkVﬁQWEwﬂPéﬁ“ﬁmﬁﬁﬁ§Féﬁm§Hﬂh éﬁﬁﬁﬁe%%U§e$%’$%@Zﬂ per |ayer

h first | I Ed t
Lot i pal oSS BoRd A BUeragt ety orel FRERRG Attt O e,

second. t er iy pdflc PRENAL moanm@edumm@amm b 1 L Ien Gty "and
e

r ewor ki ng connecting at |east one of t span el enents to
anot her of ;dnh&tigg E&ikbrtdlﬁbﬁﬂiemg&(le 4@} ss elohfentsAY agiBopiiate, ciauiAULY using FIRaOE
. ASR+Bf h@d7V

#$( - ~yt 0] eorsitpitaehpigadsc he al]Oétfl]eé ahip ‘é%{ffbﬁ]dé'd]‘léﬁf‘b“&q E’ét]‘%raﬁI% a] ca] ca] c*a] ca

Jcal cal cal cal cal cal A AL LN AT b caiion 37 eh 8 Th WRAZR GO} 09 n:

<@g< >38 d ;
earcn SRR e ool

- =110 elements being “severed” in the artwork, and de31red extra traces being included in the
<@g< >3B} xsni ? ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c

a] ca] ca] cadieakkaf walgr} badc dhegiealnnsdeaire eetBirdmainpO g clip, FGLOWRTK ) - GFL09&!
- FS@OO/&éo(st)s a?fel\n/ll-l(r))i)ﬁlgfzéci) This is particularly for smaller production runs of custom chips. For

large volumes, for which mask costs are effectively amortized to have a minimal effect on

production costs, all artwork layers may be revised to minimize chip size by eliminating

extra unused cells.

In the preferred embodiment, the terminals are 1.0 microns (10'6 m) wide, the span
elements are 1.2 microns wide and 6.0 microns long. While the above is discussed in terms
of preferred and alternative embodiments, the invention is not intended to be so limited.
For instance, the number of metal layers may be varied widely. The span element must
remain on the uppermost layer used in the cell, so that other metal patterns to not overlay
the span. However, this may be implemented in designs with as few as 2 metal layers. In

other embodiments, metal layers may be layered above the layer containing the span, as long

as no metal pattern overlay the span in the region of the access element.
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Claims:

1. An integrated circuit chip (10) comprising:

a substrate (36);

a plurality of metal layers (M3, M4) overlaying the substrate;

the metal layers including a lower layer (M3) adjacent the substrate and an upper
layer (M4) spaced above the lower layer;

circuitry including a plurality of circuit elements (16) on the substrate;

a plurality of access elements (20), each associated with and electrically connected
to a selected one of the circuit elements;

each access element including a terminal (32) in the lower layer, an elongated span
element (30) in the upper layer having a first end overlaying and electrically connected
to the terminal and a second end overlaying providing a second terminal (34),

wherein the circuit element has a plurality of interface nodes (22, 24) which all must
be connected to other portions of the circuitry for operation of the circuit element, and
wherein at least one of the nodes is electrically isolated from the other portions of the

circuitry and connected to one terminal of the access element.

2. An integrated circuit chip according to claim 1 wherein, for at least one of the circuit
elements, one of the terminals (34) is connected to the circuit element, and the span

element is severable so as to disconnect the circuit element from the other terminal and

any connected circuitry.

3. An integrated circuit chip according to claim 1 or claim 2 wherein the circuit element
has an input node (22) and an output node (24), and wherein the access element 1s
connected to at least one of the input and output nodes, and the span element is

severable so as to functionally disconnect the circuit element.
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An integrated circuit chip according to any one of claims 1 to 3 including an electrical

connection (26) between the span and the circuitry applied above the upper layer.

An integrated circuit chip according to any one of claims 1 to 4 wherein the chip

includes an additional metal layer (MI) below the lower layer and more closely adjacent

the substrate.

An integrated circuit chip according to any one of claims 1 to 5 including an insulative

layer (I34) between the upper and lower metal layers, and wherein the insulative layer

defines vias (40) at the ends of the span.

A method of manufacturing an integrated circuit (10) comprising the steps:

providing a substrate (36);

generating a circuit (12, 14) on the substrate, including:

applying a plurality of metal layers including a lower layer (M3)adjacent the
substrate and an upper layer (M4) spaced above the lower layer;

forming a plurality of circuit elements (16) on the substrate; and

forming a plurality of access elements (20), each associated with and electrically
connected to a selected one of the circuit elements, and each access element including
first and second terminals (32, 34) in the lower layer, an elongated span element (30) in
the upper layer having a first end overlaying and electrically connected to the first
terminal and a second end overlaying and electrically connected to the second terminal,and

operating the circuit (10), analyzing the operation, and reworking the chip by severing at

least one of the span elements (30).
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8 A method of manufacturing an integrated circuit (10) comprising the steps:

providing a substrate (36);

generating a circuit (12, 14) on the substrate, including:

applying a plurality of metal layers including a lower layer (M3)adjacent the
substrate and an upper layer (M4) spaced above the lower layer;

forming a plurality of circuit elements (16) on the substrate; and

forming a plurality of access elements (20), each associated with and electrically
connected to a selected one of the circuit elements, and each access element including
first and second terminals (32, 34) in the lower layer, an elongated span element (30) in
the upper layer having a first end overlaying and electrically connected to the first
terminal and a second end overlaying and electrically connected to the second terminal,and
operating the circuit, analyzing the operation, and reworking the chip by

connecting at least one of the span elements to another of the circuit elements(12).




