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BACK@RCUND OF THE INVENTION 1. - Field of the Invention The present Fﬁgs
invention generally relates to wiring systems for integrated circuits (

and, nore particularly, to wiring systems which facilitate engineering
changes for the follow ng functions: electrical characterization;

di agnostic testing; and circuit nodifidations for repair or evaluation. .
These functions may hereinafter be collectively referred to as Engi neering
Changes or EC s. 2. Descri ption of the Prlor Art The formation of
integrated circuit chips in acc@NIs ¢ jechnol ogi es has been
known for a nunber of years. A denand for |ncreased coggleX|ty of

el ectroni c systens including smmtogdrﬂﬁr ENVENT caused the

1. Field of tha Invention _

The present invention generally relates to wiring systems

for integrated circuits {IC) and, more particularly, to
wiring systems which facilitate engineering changes for the
following functions: electrical'charactefization; diagnostic .
testing; and circuit modifications for repair or evaluation.
‘These functions may hereinafter be collectively referred to
as_Engineering Changes or EC's.

2. Description of the P:uer.nrt

The formation of integrated circuit chips in accordance with

different. technologies has heen known for a number of years.
" A demand for increased ccmplexity of electronic systems

including such integrated éircﬁits has caused the

development of techniques for wiring modification and repalr

of ‘such IC ch1ps.

The IC multi-layer construction is similar to multi-layer
circuit boards in that wiring can be run in a direction
parallel to the surface at the interface between any two
dielectric layers. Wiring can be run perpendicular to the
surface and between wiring layers with through~holes or
“vias” in the layers which are selectively filled with
,EOnduccive materials. Multi-layer wiring and modules have
been implemented with a variety of technologies including
multi~layered co-fired ceramics, sillcon based thin film
structures, ceramic based thin film structures and



devel gpnent of techniques for wiring nodification and repair of such IC
chips.” “ The IC nulti-layer construction is simlar to nulti-layer circuit -
boards in that wiring can be run in a direction parallel to the surface at
the interface between any two dielectric |ayers. Wring-can be run

per pendi cular to the surface and between wiring layers with through-holes
or "vias" in the layers which are selectively filled with conductive

mat eri al s.

Mul ti-layer wiring and nodul es have been inplenented with a

variety of technol ogies including nulti-layered co-fired ceranmics, silicon
based thin fil@Bpinatipes, ofethoise beskaiiques fil mstructures and
2 conbi nati ons of those techniques.

However, because of the multi-layer construction, there is
no ready access to wiring other than on the surface of the
multi-layer structure. Therefore, engineering changes
cannot readily be made.

Perhaps of equal importance is the fact that while
electronic modules are large relative to the chips they

contain, they are often very complex and of fairly small

ovgra11 dimensions. Therefore, they are subject to
connector or conductor defects in the same manner as the
chipsvté be mounted thereon and so manufacturing yields of -
the multi-layer structure must-also-hg'considered;"The~'
length of the conductors is quite substantial because
complex wiring metallization must be provided to allow each
output terminal of one chip to be connected to a plurality
of other input terminals on other chips. - Additionally, so-
called fanout wiring is often provided to interface between
the fine wiring patterns characteristic of the connector
spacing of the chips and the relatively more coarse wiring
patterns on multi-chip modules (MCM). The problem of
circuit defects is aggravated by the manufacturing processes

‘used to create the multi-layer structures, which are

difficult to characterize, diagnose, or effect repairs.

Since such structures are complex and require a number of

processing steps for each layer, substantial expense is

involved in fabrication of the multi-layer structure. It is
therefore economically important that the multi-layer module
be repairable. It is similarly important that diagnostics



However, because of the nulti-layer construction, there is no ready access
to-Wwiring other than on the surface of the nultl-layer structure.
Ther ef ore, engi neering changes. cannot readily be made. Per haps of equal

i mportance is the fact that while electronic nodules are large relative to
the chips they contain, they are often very conplex and of fairly smal
overal |l dinmensions. Therefore, they are subj ect to connector or conductor
defects in the same manner as the chips to be nmounted thereon and so

manuf acturing yields of the nulti-layer structure nust al so be considered.
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are difficult aracCteri ze |agno
structures ar ethenp/@xpads tquCrEaGSrmnﬁihe(ﬂbp surface. However, these

layers of redistribution wiring are also subject to the same
potential defects as other wiriug layers and are not
repairahle. Further, ‘such: patterns of redistribution wiring
are in close proximity to each other, requiring high line -
e, g., wzring patterns) quality, ‘and, - para51tic capacitance |
will exist causing signal delays, ‘reduced hoise margins and - f-{’”*
other effects, thereby posinq a severe restriction on’ wiringfi
design ‘rules. Additionally. in order to facilitate '
,engineering changes for the following functions' electrigal
characterization; diagnostic testing; and circuit
modifications for repalr or evaluation, a significant amount
of product and procéss complexity is required. This
function also traditionally requires additional area for the
redistribution wiripg and EC pads, thus limiting the maximum
~ passible density of the wiring.

Within the individual IC chip, the complexity of the problem
is further complicated because electrical access to internal
circuit nodes must be accomplished on an extremely small
 scale. However, such access to an integrated circuit is
”often necessary in order to characterize the electrical
behavior of the node, electrically stimulate the node, or to
establish continuity between the node and some other circuit
node or access point for EC purposes. These exercises are



progessi ng steps for each |layer, substantial expense is involved in
fabrication of the multi-layer structure. It is therefore econonmically

i mportant that the multi-layer nodule be repairable. It is simlarly

I nportant that diagnostics 3 are
conduct ed, design changes are possi bl e, or circuit repairs are possible on
IC s to ensure corrective nmasks used in 4the IC fabrication are effective.
In the past, this has been acconplished on nmodul es by a process known as
EC ng or the inplenenting of engineering changes, which required providing -
one or nore | ayeRe bt fa&ﬂum¢|ammlzwusur¢hq;aauewnzheipno padsdesifg dettmgon
the top surfacénvitONEMets tdes@dt&ys sudin fdingkbisbution wiring are also
subject to the sanme potential defects as other wring layers and are not
repairable. Further, such patterns of redistribution wiring are in close
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Lnte est and a pad, test point, or circuit node that
is substantially distant is increasing. This is often
driven by the need to bring out a node of interest to ‘a
location where it is not obstructed by the packaglng, probe
equipment, or other ohip surface features for -
lcharaoterlzacion purposes. Addit;onally, the rerouting of
circuit nets for engineer;ng changes may requxre substant1al

1engths of wmrlng hetween node- to be 11nked.

The EC's of im:ernal circuit node____: for’ init:.al des:.gn

T - verif;cat;on/debug or failure anaiysis has been addressed in
the past by opening an access point to- the circuit node of
interest with blanket delayering, localized delayering or
focused-lon-beam.(FIB),milling technlques, the optional
depositions of a conductive pad or:line usinghEIB, laser_
chemical vapor-dépositi§d lLCVD);for conventional IC
processing techniques,sand.poSsibly followed with the
probing of the exposed. node or deposxted pad using contact
probing or electronrbeam probing approaches.

An early approach to electrically access internal nodes
involved using lithography techniques in a laboratory
Setting to pattern a mask used to define regions where holes
‘would be etched down ta the circuit nodes of interest.
Subsequent to this preparation of the chip, mechanical
probes were used to make contact to the exposed circuit
nodes. In time, electron-beam probes were used for the



wi I . exist causing signal delays, reduced noise margins and other -effects,
thereby posing a severe restriction on wiring design rules. Additionally,
in order to facilitate engineering changes for the follow ng functions:

el ectrical characterization; diagnostic testing; and circuit nodifications
for repair or evaluation, a significant_ anount of product and process
conplexity is required. This function A so traditionally requires
additional area for the redistribution wiring and EC pads, thus lLimting

t he maxi num possi bl e density of the wring. Wthin the individual IC |
chi p, the conplekéryogatibe probthmulatfqn%dﬁeth@@@phbdahedebgcauseltage
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the node and sone other circul't node or_ access purposes. These
exerci ses are device were located around the perimeter of the chip leaving

most of the chip circuitry exposed even when probe cards
were used to electrically stimulate the chip circuitry.

As additional levels of wiringxw“
circuit designs, the fo:merﬁte‘
the underlyinq ‘circpit nodes'los

Eﬁa@dgd tqﬁipteéfated_

poor aspect ratios of the etch
offered the high: aapectl atio .
currently widely used to_ ;"
Additionally, many czrcuitjdeaigner‘ ¥ .
circuit nodes up to test ?oint- at .the uppe: 1evels of
wiring in their initial hardware deésigns to facilitate the
electrical access to these nodes._m

FIB techniques are alsofwidely héédﬁtédayffor:citcuit
modifications for engineering changes. which are incorporated
herein by reference to the article entitled “Design
Guidelines for FIB Modifiability and a Case Study.of High
Performance SCSI Chip with Timing Problems” by's. X. Li et
al, published in the Proceedings of the 20th International
Syﬁposiqm for Testing and Failure Analysis, 13-18 November
1994. However, this approach is limited to placement of
'spare metal lines. FIB deposited lines contain a very high
impurity concentration (e.g., carbon) and for typical line
widths, lengths exceediﬂg'so microns may pose a problem due
to high resistance (typically around 500 millichms per



4 .done.in failure analysis, characterization, and design debug
environnents to address busi ness needs. The need to electrically .
establish continuity between the node of interest and a pad, test point, or
circuit node that is substantially distant is increasing. This is often
driven by the need to bring out a node of interest to a |ocation where it
is not obstructed by the packagi ng, prdbe equi pment, or other chip surface
features for characterizati on purposes. Additionally, the rerouting of
circuit nets for engineering changes may require substantial |engths of

Wi ring betweersguadey tomexgl iripedeposiitedE(i Ke9fal sy erewplid raclidngtides for
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t he past by o%ex)%ng te]fr? g'se g\in%rttgn hRERFE SR t% 5e8 meredtt Rjaﬁr

bl anket del aydisi g, wsecahliéﬂmdmhapdrdagosxtiqnutnnhnxqu&mhnndﬁﬁd@iUnﬁHe ng

techni ques, ¢ BRIOPHORale 9805 ckghiteOh1ans IS S B lenldrts U e B

| aser chem cal vapor deposit convent ona processi ng

techni ques, a afigpesdted yings Spegomplatenthe mek ng Additienadddsed node or
deposi ted pads%ﬁi@ﬁnﬁﬂ%tﬁitmanufacturers are designing in spare wires at

the upper levels of metal for the potential future use for
circuit modifications.

The various approaches used 1n th' pastuhave a number of
disadvantages. namely.- :

S _.Wires must hesplace -(manualllior_through gome sort of:
;automated “fill“=ff | b fp;_esign 1ayout phase;

2. -If left floating, the spare wires are susceptible to
electrostatic charging problems. .

3. Random placement of the spare wires makes it difficult
for an analyst to locate them, especially if a stud via
technology is used eliminating any features that would

~ distinguish the spare wires from functional wires; and,

4. Such wires have no funstion'unless.osed for a circuit
changae. _ '

5. No facility is offered for external electrical access
through chip pads to internal. circuit nodes, for
characterization and diagnostics purposes.

An example of prior art module wiring schemes which allow
‘some degree of repairs and engineering changes to be made is
described in U.S. Pat. No. 4,489,364 to Chance et al which
shows an electronic circuit module in which comnections to
pads to which chips are connected are buried within the body



probi,ng or el ectron-beam probi ng approaches. An early approach to

electrical |y access internal nodes involved using |ithography techniques in

a |l aboratory setting to pattern a mask used to define regions where hol es

woul d be etched down t.o the circuit nodes of interest. Subsequent to this

~ preparation of the chip, nmechanical probes were used to make contact to the
exposed circuit nodes. In tine, electrdn-beam probes were used for the

5 interrogation or stinulation of these nodes; e.g., voltage contrast and

el ectron beam i nduced current techniques. This approach morked wel | for
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called “dog-bone” shape. Continuity of these connections
may be broken by severing the narrow portion of the dog-bone
and EC connections may be made thereto either with or
without severing the original connection. However, if a
defect occurs in or between the C4 pad and the first EC pad,
no repair is possible and the module must be discarded. The
wiring through via holes is particularly vulnerable to the
occurrence of discant;nu;ties. as well, whlch may or may not
be repairable and, in. any ‘event, repair would require point-
to-poxnt wiring over a considerable distance, further
increasing parasitxc 1mpedance of the overall wiring system.
.It can also he readily apprec;ated that the length of wiring
.1nvolved in this acheme, including the repeated vertical
traversals of the multi-layer structure through vias, is

" large and has a large lumpéd capacitance.

Additionally, U.S. Pat. No. 4,746,815 to Bhatia et al
provides a switching circuit within the module to allow
sharing of EC pads betweén received and driver circuits.
U.s. Pat. No. 4,453,176 to Chance et al shows wiring to
capacitances buried within the multi-layer gtructure. U.S.
Pat. No. 4,840,924 to Kinbara shows a particular structure
for the dog-bone EC pads. U.S. Pat. No. 4,254,445 to Ho
shows a staggered chip locaticn arrangement for’ a large
number of chips in a module to minimize potentlal wiring
crossovers and maximize the number of EC pads which can be
provided. U.S. Patent 4,549,200 to Ecker et al shows a
repairable multi-level overlay system using redistribution.
U.s. pat. No. 4,546,413 to Feinberg et al shows a module



were used to electrically stinulate the chip circuitry. As addi ti onal

| evels of wiring were added to integrated circuit designs, the forner
techni que of etching holes to the underlying circuit nodes lost its

ef fectiveness due to poor aspect ratios of the etched holes. FIB
approaches offered the high aspect ratio feature needed and are currently
wi dely used to access circuit nodes. Additionally, many circuit designers
have brought key circuit nodes up to test points at the upper |evels of
wiring in their initial hardware designs to facilitate the el ectrical

access to thesstruiture ik th@ihhld}@ﬁﬁs%?e%ﬁ@v%é@'dn%&datn%@ffor
es which are incorporated herein

t dif f h
by ref erence  SOPEACE £ Ehgy MedT LabEE] SFERatueR | nal-oFatane.
Modi fiability dnd0#,T6Se tot Tdkenbki et Pirévowsne a3 - 1Gver WtducHuadn
Pr obl " by S Li b P d f 2
Probl e by Symbenl oo AUPLLEERLAD LU SZeLsed e S MR oy
1994, However“lﬁﬁ|§°a§§r9adh at thnmupnerosutfannnnﬁ tﬁe:ﬂ@ﬂuﬂen&bal l i nes.
FIBd d h

2pos! 20 ShRERasar k" Tpks! e ufh B RAIE LAl e

carbon) and for typical line ceedar pose
a probl em due €8hhPghMALSist Hafe FP?leQ#I@rkﬁinﬁﬂﬂEﬁﬁ)qhduqeohﬁsaées ows

a connection matrix between terminals of IC carrier and EC
pads. .U.S. Pat. No. 5,243,140 to Bhatia et al shows a
wiring system on the top surface of a multiple chip module
which includes a redistribution layer. U.S. Pat. No.’

5, 508,938 to Wheeler shows special interconnect layer
employing offset trace layout for advanced multi-chip module
packaggg us;ng_conventional EC app:oach. U.s. Pat. No.
5,214;256 to Cayson et al shows a method of reworking
circuit panels which can overlay encapsulated replacement
lines one on top of another. '

SUMMARY OF THE INVENTION
It is an object of the present invention to provide a system
for engineering changes (EC), that is, to facilitate the
following: electrical characterization; diagnostic testing:;
and circuit modifications for repair or evaluation.

It is another object of the present invention to provide a
wiring distribution to characterize, diagnose or change IC
”functionaiity-using multipurpose conductive stripes which

may be incorporéted into the IC design.

It is a further object of the present invention to provide



6 .. square). Long FIB deposited lines also require a |engthy deposition
time. A current practice to address this problemis to use an LCVD net al
deposition technique to deposit the bulk of the line segnent along with
shorter el ements of FIB deposited lines to conplete the net. Additionally,
sem conduct or manufacturers are designing in spare wires at ‘the upper

| evel s of metal for the potential futur® use for circuit nodifications.
The vari ous approaches used in the past have a nunber of di sadvantages;
nanel y: 1. Wres nust be placed (nmanually or through sone sort of

automated "fi Ithetasilldyrtageredssl Iré AU RS aFound fenligf t

floating, the spare wires~are s sceg Lble to
surfaces or cross ther EC wires or stripes.

It is another further object of the present invention to
provide access to a characterization node at a location not
obstructed by I/0 interconnect circuit:y; packaging,'qr
probe apparatus used to interface with the IC chip.

In order to satisfy the above aﬁa other objects of the
present 1nvention, a novel structure is ‘provided for wiring
layouts of an IC chip that includes conductive stripes that

 can be directed at a later time to link up with internal
circuit nodes. The conductive stripes serve a functional
ut111ty in the as-des;gned device yet also allow the IC chip
operation to be retained even after they are redirected for
engineering changes. Optionally provided are pads and test
points that can be directed td desired circuit nodes using
the aforementioned EC wires, and interrogated or stimulated
using standard test interfaces and programs.

In accordance with another aspect of the invention, a method
for electrical characterization, failure analysis or for
circuilt modifications, is provided by allowing access to
internal IC chip nodes.

_ pRIEF DESCRIPTION OF THE DRAWINGS:
Other features and advantages of the invention will become
apparent from the following description when taken in
conjunction with the accompanying drawings in which:?



el ectrostatic charging problens; 3. Random pl acenent of the spare wires

makes it difficult for an analyst to |ocate them especially if a stud
via technology is used elimnating any features that woul d

di stinguish the spare wires. fromfunctional wires; and, 4. Such wres have
no function unless used for a circuit change. 5. No facility is
offered for external electrical access 19 t hrough chip pads to internal
circuit nodes, for - characterization and di agnosti cs purposes. An

exanpl e of prior art nodule wiring schemes which allow some degree of

repairs and engi neergieq qh\él}\h%g?%_ R—ﬁxﬂ%w”ﬁge he geselibed,y %Hrﬁ%u%ﬁg”m%? h

4,489,364 fo Chance et al OWs an e ectroni ¢ circul
connections to pads fi&skhianie seicendatevedne®orixtinge buried within the body

7 FIG. 2 is another plan view of the invention showing
details of F1G6. 1 wiring; and
FIG. 3 is another plan view of the invention showing
further details of FIG. 1 and FIG. 2 wiring.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

Referring now to the drawings, and more particmlarly to FIG.
1, a plan view of a portion of a wiring or intérconnect
layer in an integrated circuit is shown. This ‘layer may be
included at any level. above the substrate on which
semiconductor devices or elements are constructed. ’
Preferably, the conducting or interconnect level of this
invention would be applied near the uppermost level(s) of

- the integrated circuit for ease of access from the outside
aof the chip. Further, these levels méy also be used for
‘distribution of power or signals to the semiconductor
elements or device as will be more fully explained
hereinafter. ‘

It is well known in the semiconductor field that wiring
layers may be constructed in various wiring patterns of
electrically conductive material such as cbppe; or aluminum
" formed therein and thereon to-connect or to provide power to
“various devices embedded in or mounted on the semiconductor’
substrate. FIG. 1 shows a portion of the two uppermost
wiring distribution grid or networks 11 and 12, which could

be at two different points or voltage levels (Vg4 and



. of.the nulti-layer structure but are periodically brought to the surface of
t he nodul e and |inked by EC pads of a so- called "dog-bone" shape. :
Continuity of these connections may be broken by severing the narrow
portion of the dog-bone and EC connections may be nmade thereto either with
or without severing the original connection. However, if a defect occurs in
or between the C4 pad and the first ECtbad, no repair is possible and the
nodul e nust be di scarded. The wiring through via holes is particularly
vul nerable to the occurrence of discontinuities, as well, which may or may

not be 1 epai f bR, dIAY &Y llser PRAKLCHRY QuﬂSSGPé{S oL snd e ol

Wi ring over a _consi erable | st ance her “Irncreasrng edance
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bade botween FALANZY dn 22 (G dndil 11:bTEEGY & qgedhd RIS O =
Chance et al sayes medg.attalwhmimarthesuppermdswliyerl herhaldailsyay
For 'the dog- band 22 sk, ShaTévens’ fefsel 2Lt S8 S FECH o oaild g
chip Iocat|onbareaﬂgemmnthhmraddtmﬁyaal layers below these two layers may '
also be included in the semiconductor integrated circuits.
The two layers may be electrically interconnected using vias
or other conductive paths at points 17 and 18. With this
understanding, our discuss;on will now focus on the _
,uppermost wiring distribution grid which may be used to
conduct and distribute power or signals to the semiconductor
circuits in a_conventional manner on the substrate below.
Referring now to FIGS. 1, 2 and '3, narrow stripes 23 and 24
are positioned parallel to and spaced from thé rails 13 and
14. The spacing between the stripes and rails will depend
on a number of factors dncluding the process used to create
the semiconductor devices and the voltages or signal carried
by the wiring and parasitic constraints. For voltage or
powver distribution purposes the stripes are also connected
to the base conductor 15 and 16. For signal or power
distribution purposes, they may also be connected to the
rails 13 and 14 and optionally by shunts 28. The stripes 23
‘and 24 are constructed such that they may be separated from
the rails or the base conductor by breaking away a small
portion or portions 31 of the stripe at appropriate
locations along the stripe 23 or other areas such as



nunber’ of chips in a nodule to mnimze potential wring crossovers and
maxi m zé the nunber of EC pads which can be provided. U S Pate
to Ecker et al shows a repairable nulti-Ilevel overlay sY&§i '
redistribution. US. Pat. No. 4,546,413 to Feinberg et 3
8 structure in which EC pads are provided on both majd 6
mul ti-layer structure. U S Pat. No. 41706, 165 to Takenaka et al shows a
mul ti-layer structure in which connections to nodul e connection pins are
made through vias to EC pads at the upper surface of the nodule to increase
the types of eh@ﬂﬁééaFﬂQYChdngesnanaorsbaJbasa%uaﬂduunmrbandademovalsofPat

No. 5,155,577 &R ac Q§§§| [ e r ls ~
of IC carrier anaqg%?§83§§ ehpéﬁgggﬁ & igpf%%h dﬁé%%%ﬁé & % gE%%Ms a
W ring systen1EﬁOFﬁEriépwéulﬂEcéreﬁnaen9$t$[Nﬁ¥¢hﬁ empdoyed ahléhngnabu¢h$ a
redistributionstayges bh@/oFakailR- are kept electrically in parallel.

In FIG. 1, additional test points 33 may also be attached to
the narrow stripes 23 and 24 in order to provide ease of
access for testing selaected semiconductor eieﬁents. If
wider or more robust connectiohs are required, a pad 34 may
be associatedfand electrioelly connected to the stripe 23.
Stripe 23'may then bé severed'in ateas 36 and 31 to separate -
the rail leaving the stripe attached to pad 34 as - ‘shown in
FIG. A, Accordingly, these pads, and isolated stripes, ‘or
test points, may be later. strapped into the internal clrcuit '
- using FIB or laser CVD. '

i . _ - .
chventional techniiques such as FIB or LCVD may now be used °
to connect these isolated stripes 35 optionally containing
pads 34 or test points 33 to internal circuit nodes as shown
in FIG. 3. Internal circuit nodes may be accessed by a
deposited connection 42 to an existing probe point 40 or hy
using conventional FIB techniques to access buried nodes at
40. Another embodiment would be té use electrically
alterable lines at the points where the stripes 23 and 24
join the rails 15 and 16. The eiectrically alterable links
might be fuse elements, or switches controlled'by SRAM, or
“even latches in a scan chain.

It is contemplated that the wiring patterns described may be
used in conjunction with any other conventional etching,

Sheet Has Been Replaced

TG I




5,508,938 to Wheel er shows special interconnect |ayer enploying offset
trace layout for advanced nulti-chip nodul e packages using conventional EC.
approach. U S. Pat. No. 5,214,250 to Cayson et al shows a nethod of
reworking circuit panels which can overlay encapsul ated repl acenent |ines
one on top of another. _ _ SUMVARY OF THE INVENTION It is
an object of the present invention to b?ovide a system for engineering
changes (EC), that is, to facilitate the follow ng: electrical

characteri zation; dlagnostlc testing; and circuit nodifications for repair
or eval uation.millings amadt hime ob¢resition technégues inedndiog focpsedrde a

Wring distrlbhbhOSdf PRASACkSHGEendl 9198000 GHABLCcbEvLHRGLRERal Ly

usi ng mul ti purpose condu I'ncorporated 1nto the IC
desi gn. It ikechpiquerrays)wsed dfrittmet*m @genpmien#énnaénstslaﬁoeea@ents,

test points, and pads to effect access to internal circuit
necdes. In fact, combinations of conventional techniques may
be used such as: )

—--Milling or etching a hole to a circuit net of interest in
order to gain access to the node. 51milarly, varlous
Stripes 23 and 24 may be aCCESIEd,: :

--Severing an internal circuit net in otder to establish two
circuit nodes._ In a- similar manner, the stripes 23 and 24
and any shunts 268 may be isolate 'ftom the rails 13 and 14"
or base conductors 1§ and 16;- or

) . . i . .
—-Depositing a wire to a circuit'nodg or stripe segment that
traverses up through the milled opening and along the
surface of the IC to some other rbégtion on the chip.

" Using the foregoing techniques with any combination of
stripe segments from any number of levels from which the
stripes are available may be used to establish a new wire
across a wide expanse of the chip. .

‘Anyone skilled in the art with conventional FIB practices

. can appreciate_the various techniques for milling and
deposition of conductors and dielectrics to accomplish the
operations described above.



9 “the-ability to route EC wires or stripes around chip surfaces or-
crossing other EC wires or stripes. It is another further object of the
present invention to provide access to a characterization node at a

| ocation not obstructed by I/O interconnect circuitry, packaging, or probe
apparatus used to interface with the IC chip. In order to satisfy the
above and ot her objects of the present1ﬁhvention, a novel structure is
provided for wring Iayouts of an IC chip that includes conductive stripes

t hat can be difected er time tolink up with internal circuit
nodes. The cdﬂﬂﬁgt?5€e§tW?B€§dgéP9ée§ FER @lisehavaddiabiley tenpegform the

as- desi gned deungﬁnyeriﬁbsehahbenllheI¢(E(ﬂHﬂ%goQﬁbahbﬂ%ehQiBﬁa&eta'ned even
provi ded are

pads and teot BSTRPLETR, deShr TRO REEVEAT GORSORFE4oR PLLH theupsessnty
the af orenent i tmeen€ibni r eFheaadchahges agnt dhcliude! ethbleehifynacebagdand
test interfaceg,ande DIRQf 20Prcuit node through a test point or chip pad
' for electrical characterization purposes,. making circuit
diagnostic tests, or modifications and repairs. This '
methodology has several advantages over previous methods
that did not have the circuit wiring of the present

invention such as:

--Long low resistance stripes are available for long
. excursions across the chip offerinq the ‘best’ conduct;ve
characterlstics at minimal: 8ize which would reduce the
analyst’s tool set since any need for depositing low
resistance lines such as with LCVD,depositzon tools is
reduced or eliminated. i ‘ '
—--Engineering change wires may now cross over each other
using stripes on differingiblanes;while formerly dielectric
insulators were needed at such intersections of engineering
change wires placed on the IC surface.

~-Obstacles on the chip surface such as pads and fuse block
openings may be more readily averted using the embedded
stripes.

'—~The w1ring may be used to re-direct ex;sting pads for
characterization or englneerzng changes requiring access
through conventional pad probers or through the IC module
packaging. |



| @ accordance with another aspect of the invention, a nethod for electrical
characterization, failure analysi's or for circuit nodifications, is
provi ded by allow ng access to internal |IC chip nodes. BRI EF
DESCRI PTI ON OF THE DRAW NGS O her features and advantages of the invention
wi Il becone apparent fromthe follomdag description when taken in

n

conjunction with the acconpanying dra gs in which:
10 FIG 1 is pLan view of the present invention showing a
first and second l'evel of wring; FIG 2 is another plan view of the

i nventi on shomrﬁge_wirinqemay|beonssdc;o]gnmqﬁeq;paaaa place test points
that can be linked to any internal circuit net on the chip.
This might be used to provide test point access that is not
obstructed by probe apparatus used to interface with the
pads of the chip. '

-~The wiring minimizes the chip. area needed for designéd—in
wire structures and in the preferred embodiment, offers a
ready méans,for the analyst to identify the stripes since
they are a derivative of the power distribution network.

Theldégivaﬁion of sba:e.wires from a power distribution
network is particularly advantageous for application
- specific IC because the network is often fixed for most
parts using any given naétet image. Therefore, the design
overhead, although minimal, is spread over all parts
fabricated in that master image. Memory parts might take !
advantage of power, data, ‘or work select lines (depending
upon the layout approach) that already traverse significant
expanses of the cell arrays. The custom and semi-custom
environhents in which microprocessors, controllers, and
specials are fabricated in may utilize a combination of
power and signal distributions to derive the re-routable
stripes. Since any parallel stripe scheme adds capacitance,
it is far more desirsble to target power rails over signal
lines.

‘Although the invention has been described in detail herein
with reference to its preferred embodiment, it is to be
understood thnt this description is by way of example only,
and is not to be construed in a limiting sense. It is to be



FIG 3 is.another plan view of the invention show ng further details
of FIG 1 and FIG 2 wiring. . : DETAI LED DESCRI PTI ON OF A PREFERRED
EMECDI MENT  Referring now to the drawi ngs, and nore particularly to FIG

1, a plan view of a portion of a wiring or interconnect |ayer in an
integrated circuit is shown. This layer may be included at any | evel above
the substrate on which semiconductor delfces or elements are constructed.
Preferably, the conducting or interconnect |level of this invention would be
applied near the uppernost |evel (s) of the integrated circuit for ease of
access from t h€uskhgrdanglersteoochithat Fumthens thesges eleltharaietalisles lef
used for distrighuti fs r G i.g he 1 CO. tar elenents or
dovi ce as w11 TS arodirfRS o8 tHedifcantfoh  ald ARl hriieh s
the semi conduc®dr thiec i vensd o r Widll Bpepppargnbetaormsid maywde mader ibyys

Wi ring patternge@soflseele’ beahhkrGORYEYEEI YR Eﬁéeéf@'t%a%{)iﬁ&/?}f%‘}% e Yo

al um num forned. therein and theréon to connect or: e power to

vari ous devi ceSPdRnSQEEHIPELON- okt 48 entempLated dilwaicstichs ghengsse and G, .
1 shows a porta@dieiohhe eMBoURAGhYBShrdl wifiifli cHd Iduitdith d ¢rife Ry ks

11 and 12, whigh ¢pdl gnven_tion as claimed below.



be at ‘two different points or voltage levels (Verr] and
ground), placed-on—a—sem—conductor substrate (not shown). Each grid

i ncl udes par LI§J ils &g'a d 14 which are connected to—ahrd—extere—+em a-

peri pheral b%mgﬁﬁa Hmﬂ and 16. Another |ayer of WTHISIGHEEEHASHBRENN
e _
at

grids includ 22 is shomné@n relief on alseconRERLACED or

| ayer i mredi uppernost |ayer. The rails~Zrana ZZ are

anal ogous to the.rails 13 and 14. It should now be evident that additional
| ayers bel ow these two |ayers may al so be included in the sem conduct or
integrated circuits. The two |ayers nay ctrically interconnected
using vias or other conductive paths at points 17 and 18. Wth this
under st andi ng, our discussion will now focus on the uppernost wring

distribution grid whigalkePbuia dis G diheC 8 9dtish %@_Qiﬁﬁi@aﬂ&mr or
signals to the sem conductor circuits i'n a conventjional manner on the
substrate bel ow, Substrate having a number of semiconductor devices

forming integrated circuits compfisingf

a conducting rail which is connected to a peripheral
base conductor said rail interconnects with the
semiconductor devices; and

... a conducting stripe parallel to“and_sepérable from said
" rails for providing connections to said sehiconductor
devices whereby engineering changes may be
 accomplished. o

2. A wiring system as recited in ciaim 1 which includes a |
plurality of rails that afe arranged in parallel to
each other and a plurality of stripes.

3. A wiring system as recited in Claim 2 wherein said
rails provide power to said semiconductor devices.

4. A wiring system as recited in Claim 2 wherein said
ralls provide signals to said semiconductor devices.

5. A wiring system as recited in Claim 3 which includes
. shunts connected to and between said rails and stripes
which may be removed.

* 4 L M S *



Ref-erri.ng now to—F+GS. 1, 2 and 3, narrow stripes 23 and 24 are positioned

parallel to and sgac Qﬁgkﬂﬁ rails 13 and 14. The spaC|ng betmeen t he
stripes and raTW on a nunber of factors % o, ,ess
used to create t or devices and the voltatgg 5E'§H§$ rried
by the wiring- a nstralnts For vol tagejor . trlbu I on
pur poses the stripes are also connected® o the base conductor 15 and T6.

For signal or power distribution purposes, they may al so be connected to
the rails 13 and 14 and optionally by shunts 28.. The stripes 23 and 24 are
constructed s#ch t Rawitriey E@wtbﬁ aepaé516£Hfiﬂ”ﬁﬂdﬁhfzﬂdﬁidu'iﬂﬁadﬁﬁéi

conduct or by breaki S or.t portions f the stripe_ at
appropriate | ocati & gtaPBﬁg%th%§PFg g IQH éé‘ §¥;be used
12 imredi atel y adjtacéacillatilte kdsetebdoslicictessnttd @iy &entifcdridnaty onal

shunts 28. It shouhgvggegnderstood that other geonmetric wiring arrangenents
may be enpl oyed as [ong ’

7. A wiring system as recited in Claim 2 which includes
pads attached to said stripes which may be used to
" facilitate electrical access to the semiconductor
circuits.

8. ‘A wiring system as recited in Claim 2 which includes
electrically alterable links ‘to. 1nterconnect the rails
. to the stripes. |

9. A.dis:ributién wiring system forwansemiéqnduc;or
substrate having a number of semiconductor devices
forming integrated circuits comprising:

a conducting rail which carries signals and
interconnects with the semiconductor devices; and

a conducting stripg which is electrically in parallel
to and separable from said rail for providing
connections to said semiconductor devices whereby
engineering changes may be accomplished.

* c L M S *



as »th‘e._s'tripes and/or rails are kept electrically in parallel. In Fig. 1,

addi tional test points 33 may also be attached to the arrgggggé, LS B?&N bnd’

24 in order to provide ease of access for testing sel ed
el ements (transistors, resistors, capacitors, diodes, eig.)
fashi on, narrow stripes 25 and 26 may be included in | ower Iayers of

W ring, analogous to stripes 23 and 24 Yh the upper layers of wiring. If

wi der or nore robust connections are-required, a pad 34 may be associ ated
and electrically connected to the stripe 23. Stripe 23 may then be severed
in ar ears] 36 amd.31At metdpdr @tfe;idtefdzair.;llngl eaqhﬂgefmgs&ma"m@es;tﬁcadled to pad
34 as shown i'n FIG__3.. Accor t he I splate es, O
test points, may bE&® f“éf:é’f‘dé“lc& pé%’q gﬁ?ﬁfﬂ%a‘ﬁ?%lﬁt ]f}ﬁarélqﬂf E‘?%r

| aser CVD. Conventiesdzlest axirangyess csucahsabsEkBtaerxiﬂDawq now be used.to
connect these isol gt n 4. 0

points 33 to interggﬁQE? @hg%Eﬁgﬁégp %gﬁ%&%1E§ éf- Aﬁéhﬁéﬁtﬁééﬂ“éqy%i
nodes may be acceszadliy conpeisding:theostepsi ofi: 42 to an exi sting probe
point 40 or by usi L ly 1E£1,B q.?aE (igeassat
40. Anot her enbodlﬁgogaa!ﬁptb%@%llél aaad@@#?#@afﬁfhéﬁ% %%gllnes at the
poi nts where the seFi segtzsoémszmmmaﬂ-’ﬁeelactsi%lbmmmecmﬁﬂ to the
~electrically alterggkﬁsllnks m ght be fuse el enents, or switches controlled

by SRAM or even latches in a scan chain. It is conterrpl ated that the
W ring patterns described nmay be used in conjunction with any other

conventional etchi ggvering the stripes from the rails anywhere required;

il ar

connecting the severed stripe to certain dgvices; and

making engineering changes to the IC.

This Sheet Has Been Reﬂlaced

A



mlling, and |ine deposition techniques including focused- ion-beam (FIB)
approaches or LCVD. These conventional :techniques are used with the

af orementi oned stripe segnents, test points, and pads to effect access to
internal circuit nodes. In fact, comnbinajqj ons of conventional techniques

may be used such as: --MIling or etching a hole to a circuit net of
interest in order to gain acINTEGRATEDeCHDRAVIT WIRINArly, various Stripes
23 and 24 may be accessed; --Severing an internal circuit net in order to
est abl i sh AB®TRACTuUIt nodes. In a simlar manner, the stripes 23 and 24

and any shunts 28 nmay be isolated fromthe rails 13 and 14 or base .
conductors 15 Emdingegpated-dbepssbutagnavikiedt systemrEertanode or stripe

segnent that traverses up through the mlled 8£ening and, al ong the surface
of the | C senseppdecher pubatrsheohaVhBIcH| pumber of devices.™ The

distribution system includes additiomnal stripes (23, 24)
which are arrahged parallel to existing rails (13, 14)
carrying power or signals to the devices. These stripes
being separable from the rails may be used to make
engineering changes such as repairs or modifications of the
circuits in the devices or characterizing or diagnosing the
devices.

Figure 1



Usihg the foregoing techniques with any combination of stripe segnents from
any nunber of |evels fromwhich the stripes are avail ahle may be used to
establish a new wire across a w de expanse of the chi pTHIS SREPPRASKAEEER | D
the art with conventional FIB practices can appreciat¢ the '?m?’«??'ﬁ '
techniques for mllihg and deposition of conductors. afegi-ebeclllts 10
acconplish the operations described abpyge.
14 Many ot her net hodol ogi es are al so available to performthe engineering
changes in I1C s using the conventional techni ques described above in
conjunction with the present invention. These changes may i ncl ude

est abl i shng access to ’ ) -
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an_igternal circuit node through a test point or chip pad for electrical
characterization purposes, nmaking circuit diagnostic tests, or

nodi fications and repairs. This nmethodol ogy has several advantages over
previ ous nethods that did not have the circuit wiring of the present -

I nvention such as: ~ --Long low resistance stripes are .available for |ong
excursions across the chip offering t best conductive characteristics at
m ni mal size which would reduce the analyst's tool set since any need for
depositing | ow resistance lines such as with LCVD deposition tools is
reduced or elim nated. - - Engi neering change wires may now cross over each
other using stripes on differing planes while fornerly dielectric

i nsul ators were needed at such intersections of engineering change wres

pl aced on the I C surface. --(bstacles on the chip surface such as pads
and fuse bl ock openings may be nore readily averted using the enbedded
stripes. - --The wiring may be used to re-direct existing pads for

15

40
— R a2 '
2 |
40
¢ Ss-( .
;%-‘:';.;— 34
” —"
16 *
36

FIG. 2



characterization or engineering changes requjring access through
conventional pad probers or through the I C nodul e packagi ng.

15 --The wiring may be used to strategically place test points that can
be linked to any internal circuit net on the chip. This mght be used to
provi de test point ‘access that is not obstructed by probe apparatus used to
interface with the pads of the chip. 3/3--The wiring mnimzes the chip area
needed for designed-in wire structures and in the preferred enbodi nent,
offers a ready neans for the -analyst to identify the stripes since they are
a derivative of the power distribution network. The derivation of spare
wires froma power distributi-on :
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. ’ £

network is-particularly advantageous for application specific IC @2@%5«”?

the network is often fixed for nost parts using any given naster.

Therefore, the design overhead, although ninimal, is spread over alnﬁg&lSs
fabricated in that naster irrage Menory parts might -take advantage of

~ power, data,. or- work select lines (depeng2ng upon the |ayout approach) that

already traverse significant expanses of the cell arrays. The custom and.

sem - cust om env ro ments in which mcroprocessor 1)’btﬁontrollers and

special s ar @pediately adiagent fo the base condugtos apd Fagp e gpt ungs@B. st gnal -
di stributi Oﬂﬁui&ﬂﬂdb&?o&hﬁatr&he][r%fﬁ%% vﬂlgfsng ?@Exrggﬁleﬂfs%me %51%%&%%1'5{1%' pe

schene adds capacitance nore to target po
over si gnal ad thestsipes andV/drirailyire tkiapt élevtriculliydm piralielbeen descri bed in detail
herein with reference to its preferred enbodi nent, it is to be understood

it Ea; It ihim'st Idﬁ,gh uPpasl tggé lpglr%%.% m% gfrg lbg a?tarllc!h\t/d to the nla?rogvosttn;t)eos Zg%nﬁgﬂ% rued

order to prov1dc ease of access for testmg selected semiconductor elements (transistors,

resistors, capacitors, diodes, etc.). In similar fashion, narrow stripes 25 and 26 may be
included in lower layers of wiring, analogous to stripes 23 and 24 on the upper layers of
wiring. If wider or more robust connections are required, a pad 34 may be associated and
electrically connected to the stripe 23. Stripe 23 may then be severed in areas 36 and 31
to separate the rail leaving the stripe attached to pad 34 as shown in FIG. 3.

Accordingly, these pads, and isolated stripes, or test points, may be later strapped into the
internal circuit using FIB or laser CVD. ' |

Conventional techniques such as FIB or LCVD may now be used to connect these
isolated stripes 35 optionally containing pads 34 or test points 33 to internal circuit nodes
as shown in FIG. 3. Internal circuit nodes may be accessed by a deposited connection 42
to an existing probe point 40 or by using conventional FIB techniques to access buried
nodes at 40. Another embodiment would be to use electrically alterable lines at the
points where the stripes 23 and 24 join thé rails 15 and 16. The electriéally alterable links

might be fuse elements, or switches controlled by SRAM, or even latches in a scan chain.

It is contemplated that the wiring patterns described may be used in conjunction with any

other conventional etching,
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16 further understood that nunerous changes in the details of the

: erﬂaodi-ment.s‘ of the invention, and additional enbodi nents of the invention,
~will be apparent to, and may be made by, persons of ordinary skill in the
art having reference to this description.. It is contenplated that such
changes. and additional enbodinments are wiThin the spirit and true scope of
the invention as claimed bel ow. . o o '
17 Caims: 1. A distribution wiring systemfor a

. sem conductgla—“&t,bst.rate havi ng a nunber of sem conductor integrated

‘circui'ts conprising: : a conducting rail which is connected

~to a periphgral base cardugh ion Wit Syt foPa BérRi¢bAGICR? Wabsteitehavingd i on to
and interconnect with a pre-selected nunber of sem conductor elenents; and
: number of semiconductor integrated circuits comprising: ' _ :

a conducting rail which is connected to a peripheral base conductor, said

rail to provide power distribution to and interconnect with a pre-selected number of

semiconductor elements; and

a conductiﬁg stripe electrically parallel to the rail and when separated
from said rail the stripe provides connections to said semiconductor elements whereby

engineering changes are accomplished.

2. A wiring system as recited in Claim 1 which includes a plurality of rails

that are arranged electrically parallel to each other and a plurality of stripes.

3. A wiring system as recited in Claim 2 which includes shunts connected

to and between said rails and stripes which are removed.

4. A wiring system as recited in Claim 2 which includes test points
attached to said stripes which are used to facilitate electrical access to the semiconductor
elements.

5. A wiring system as recited in Claim 2 which includes pads attached to

said stripes which are used to facilitate electrical access to the semiconductor elements.

6. " A wiring system as recited in Claim 2 which includes electrically

alterable links to interconnect the rails to the stripes.

REPLACEMENT SHEET
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a conducti ng stripe electrically parallel to the.rail and. when separated
fromsaid rail- thestripe provides connections to said sem conductor

el ements whereby engi neering changes are acconplished.: 2. - - A

wiring systemas recited in aim1l which includes a plurality of rails
that are arranged electrically parallel ti@ each other and a plurality of
stripes. 3. A WwWring systemas recited in Claim2 which
i ncl udes shgnts connect egi t%maind hetween said rails_and stri peE whi ch are
renoved. 4/ = ~ Adisixibggipn wgnwgtsmggaﬁmqoeeuth. sir4te Davipg & h

i ncludes te | JFsSmitohdt ai. ¥ which 'M.to facilitate
el ectri cal g%rggéljsd?:so thé@%&%ﬁ%ﬁﬁfﬁ?ﬁﬂ%‘ﬁé‘%{%ﬁ@? ﬂd?n S

systemas recited in Caim2 which includes pads attached to said stripes
~which are used to faci laicontuctingeail whichl camiss signalsand intersomectsrwiitic $aid

el enents. 6. , ring systemas-recited in Caim2 which

e
i ncl udes el WPP%CFVCM@F%BP% links to interconnect the rails to the
stripes. - 18

a conducting stripe which is electrically parallel to the rail and when

separated from said rail the string provides connections to said semiconductor elements

whereby engineering changes are accomplished.

REPLACEMENT SHEET
23 MAR 1333

* C L M - *

A wring



7. A distribution mnrlng systentfor a sentconductor substrate
haV|ng a :nunber .of semiconductor elenents to forntlntegrated circuits -
conpri si ng: ~a conducting rail which carries S|gnals .and
i nt erconnects mnth sai d sentconductor el ements; and a

. conducting stripe whi.ch. i s eIectrlcaIIy uhrallel to.the rail and. when

: separated fromsaid rail the string prOV|des connections to said

sem conduct or el ements wher eby_ engi neerin chan&s are acconpl. shed.
. REPLACEMENTS8.SHEET A method of p orxmng engineering changes t0 a semiconductor

-2 3-MAR 199 ed on a substrate which arel9 8.
- A net hod of %tﬁgrm%cr?ghgﬁgigﬁégﬁalﬁt ofezlier%%lés%rgang sem conduct or

interconnected by a plurality of parallel conducting rails comprising the steps of:

* providing electrically paralle]l conducting stripes having test pads or test

points which are electrically connected to the rails;
severing the stripes from the rails anywhere required;

connecting a severed stripe to certain elements; and

making engineering changes to the integrated circuit.
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iintegrated circuit having a plurality of elenents arranged on a substrate
whi ch are interconnected by a plurality of parallel conducting rails

conprising the steps of: providing electrically paralle
conducting stripes having test pads or test points which are electrically
connected to the rails; severing the stripes fromthe

rail s anywhere required, 1/3 connecting a severed stripe to
certain elenments; and maki ng engi neeri ng changes to the

integrated circuit.
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