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CIRCU T DI BACKGROUND OF THE | NVENTI ON Field of the

| nventi on The present invention relates generally to the field
of integrated circuit testing and nore particularly to an alignnent
mark in an integrated circuit die for aligning and navi gating through
an integrated circuit die. Description of the Related Art
Once a newy designed integrated circuit has been fornmed on a silicon

substrate, the integrated circuit nust be t'ﬂo’roughly tested to ensure
that the circuit perforns as intended. Any portion of the integrated

circuit whi ch dédsiDUCIALUROR AlalGIbic: AN/INEGRAI EDIEIRCUIEDIBO0 t hat

it can be fixed by nodi fying the design of the integrated circuit.
This process of testing an integrated circuit to identify problens
with its desi @ACKGROWNEOF THE INENTIONg. After debuggi ng the integrated
circuit and correcting any problenms with its design, the final fully
functional integratiEdidofl thei invdetormns are used to nmass produce the
integrated circuits in a manufacturing envi ronment for consumer use.

During the debuggi nthe posed invantion refates gesewallyatoythe dietdiof quegrated
certain locations_in the integrated circuit to access certain integrated

circuit GiGaiidesiing B eREnpadiculsslytecn aligiuneaihmagk caniintapratatda and
information. | . cX\hgn debuggi ng, i ntegrated circuits, it is sonmetines
i npossi bl e t o WGUEiHe dar aligning andprayigating fyrHeh & intRgtated cirewhdig. pin or a

bond pad fromthe integrated

Description of the Related Art

Once a newly designed integrated circuit has been formed on a
silicon substrate, the integrated circuit must be thoroughly tested to ensure
that the circuit performs as intended. Any portion of the integrated circuit
which does not function properly must be identified so that it can be fixed by
modifying the design of the integrated circuit. This process of testing an
integrated circuit to identify problems with its design is known as
debugging. After debugging the integrated circuit and correcting any
problems with its design, the final fully functional integrated circuit designs
are used to mass produce the integrated circuits in a manufacturing
environment for consumer use.

During the debugging process, it is often necessary to navigate to
certain locations in the integrated circuit to access certain integrated circuit
nodes to, for example, collect important electrical data and information.
When debugging integrated circuits, it is sometimes impossible to obtain an

electrical signal of interest from a pin or a bond pad from the integrated
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circuit YRBR30r die. In these instances, the electri caIPC'sr{U&ﬁgFM(g)%

interest is | ocated at an internal integrated circuit node to which
there is no connected probe point. In this situation, the substrate
of the integrated circuit die is mlled to expose the electrical node
of interest to allow signals to be obtained directly. Naturally, it
is inportant that the integrated circuit die is properly aligned so
that probe point |ocations can be accurate?y | ocat ed and determ ned.
That is, the location of a probe hol e nust be determ ned wth very

hi gh preci si gicsit paekddeoftild, | Indhese distamads)Ries kleddtics eig0lo irkdrest is
destroy the integrated circuit die if mll ed t hrough an 1 nport ant

i ntegrated |ocated gt adiihtesnaiintegritedssiditasodeoto whimtherdlid i@Bshsésed
In order to ensure that an integrated circuit die is properly aligned

and positi onptblsopbimat Imthis ginatam, tle shbsipatebsf thedetegrated iciratit did is be
mlled can be precisely determ ned, alignnent marks or fiducials are
di sposed milledite espose the eleetricat pgdatcd interest o talldiwesigialg do doel
Illustrates a surface view of the bottom of a controlled col |l apse
chi p connect pbtaite dirently Neduratyrit isimperant that the mtggaﬁgdmrcuttmm | ect
el ectrical data froman integrated circuit node 103. packaged
chip 101 i ncptféfé%ﬂyaﬁhgﬁﬁféﬁ? é’ﬂ%opfépﬁcﬂﬂ"ﬂt 'Gpét'qfls.LC%@ﬁt%‘di%%teé’ @q;ated
package 113. rat ed CI cui.t no urie eneath the syrface of
t he integrat éﬂgcchc{%m"tne&r e @i s, tﬂeﬁioca]hon °fsa probe g?@e’?‘uﬁ)b%ldﬁffém‘ﬁ? gr at ed
circuit node 1 ubst.rat e .aboye nt egr rated circuit node 103
must be car oM Yo el SASEROIRIEST Mk gviipe o' M HiOBENY pidted ndld Can

destroy the integrated circuit die if milled through an important integrated

circuit components such as for example a transistor.

In order to ensure that an integrated circuit die is properly aligned

and positioned so that navigation to the probe locations that will be milled

can be precisely determined, alignment marks or fiducials are disposed

directly in the integrated circuit die. Figure 1 illustrates a surface view of the

bottom of a controlled collapse chip connection (C4) chip 101 from which it

is desired to collect electrical data from an integrated circuit node 103. C4

packégéd chip 101 includes an integrated circuit die 111 mounted on a C4

package 113. Integrated circuit node 103 is buried beneath the surface of

the integrated circuit die 111.

In order to probe integrated circuit node 103, the substrate above
integrated circuit node 103 must be carefully removed so that integrated
circuit node 103 can be exposed. Before the substrate of the integrated

circuit die is milled, the precise location of integrated circuit node 103 must



circuit node 103 can be exposed, Before the substrate of the integrated
circuit . gicogisperd | | ed, the precise |ocation of integrated eCT/USaN22689de 103
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be accurately determned. In order to accurately determ ne the |ocation of
integrated circuit node 103, fiducials 105, 107 and 109 are formed in
integrated circuit die 111 to provide points of reference when positioning
and navigating through integrated circuit _die 111. Since fiducials 105, 107
and 109 are fornmed beneath the substrate of integrated circuit die 111,

t he nust al so he exposed. so that they can be accessed durin he
debﬁg PR ?teqy detdmined. ?frptf&’éozaq%é"aéﬁ'yi ‘feftﬁgﬂm'ﬁggrl%@“%ﬂgog

ﬂﬁﬁiichinggﬁb|r%e§%§pﬂgﬁqé2ii%§éféﬁ%é!w;’swzbaé%tab? are R8T ihd 205 of
i i it .die. . i.n, Flg i i 201 .. .
fl Ehiﬁr ai  regeeRteee oo BRrohe betSietselstitE Fort Posioning o 215
i i i i . .ret.alk. . 217 19

i sposed | n_dcpgrdaBfity inbyBh Mg R e DN ShRe gt J B 0 e ™

| e . : . _ _ DT oVl de
el part or BR300 ardid T BBns 28 (RS AT PR CHATPAR!| 1 ke,
provi des al i GAOBNIsb HePERBEdRIsd Bat Y88y HHA iwwaééé%sea%iufrihprkhagjé?fu nd

navi gation through the integrated circuit die. An epoxy layer 225 is
di sposed bengabBetdle integrated circuit die to bond the integrated circuit.
di e to the C4 package (not shown). In order to access

fiducial 201 for aFiggrarné aputpsigstivon ofta tross-section of a fiducial 201. Fiducial
201 is disposed in a fiducial region located between dotted lines labeled
203 and 205 of an integrated circuit die. As shown in Figure 2, fiducial 201
includes diffusion regions 207, 209 and 211 disposed in the substrate 213
of the integrated circuit die. Tungsten metal contacts 215, 217 and 219 are
disposed in an oxide layer 221. Metal contacts 215, 217 and 219 provide
electrical access to diffusion regions 207, 209 and 211 respectively. A
metal pattern 223 is disposed beneath oxide layer 221. Metal pattern 223
providés alignment information for use during the positioning of and
navigation through the integrated circuit die. An epoxy layer 225 is
disposed beneath the integrated circuit die to bond the integrated circuit. die
to the G4 package (not shown).

In order to access fiducial 201 for alignment purposes, it is

necessary to remove the substrate 213 within the fiducial region bounded
by dotted lines 203 and 205. Present day techniques utilize a laser

chemical etcher to remove most of substrate 213. The laser chemical etch



necessary to rermve the substrate 213 within the fiducial region bounded
by dotteq,4 £03 and 205. Present day techniques utili zg1Audeasfo

chemi cal C r to renove nost of substrate 213. The |aser chem cal etch
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procedure is stopped just short of reaching oxide |layer 221. A focused ion
beam (FIB) mlIling tool is used to renove the final remainder of substrate
213 down to oxide |ayer 221. It is noted that the FIB mlling
tool nust be used to mll the remaining -4- portion of substrate 213
since netal contacts 215, 217 and 219 are exceptionally sensitive to
| aser cheni cproetdurerg stappesbjust shivraof reéachisg nxidedayer 221.t Rafocusedidraser
chem cal etch is perforned all the way down to oxide |ayer 221 using
present day tbeanniEdmillingdaphistusgshiocremaers thedinad rersrindes of substratechi ng
process occurs at nmetal contacts 215, 217 and 219. This cat ast rophic
accel er ati on 218 down tasxide yerBBdl contacts 215, 217 and 219 bei ng

Chent cal ot L"’Z&ﬂg ?pféﬁg%at t%e}ﬂgf’rgi"ﬁfm%o%ﬁ*@sﬁé%“eﬁ&e&ﬁwﬁﬁ?imaining' =
S oppi ng shororidn BhpuBsaSaSHiCE ol RefenfifTs RIT MAT 216 e ane
iaks 0" o %hﬂbﬁéﬁ’aﬁ%@ﬁﬁe“@'@?&ﬁ&ﬁ%ﬁ Bl oLl S Rorsdy e

reduced. Thefth%wfalﬁgélx”éﬁ%ﬂféﬂ gf?:‘h r?tp%%'rr‘}%dsél%re \k?éy 86\'~Hq '&¥c?é ‘a%%}t and the

addi ti onal € renmini ion o ubstrate
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etching process occurs at metal contacts 215, 217 and 219. This
catastrophic acceleration is the result of metal contacts 215, 217 and 219
being etched at a much higher rate than oxide layer 221 when using a
laser chemical etch. Consequently, fiducial 201 may be damaged when
contacts 215, 217 and 219 are etched with a laser chemicati etcher. By
stopping short of oxide layer 221 with the laser chemical etcher and
compl_gting the fiducial exposure process with an FIB milling tool, the risks
of the catéstrophic etching of contacts 215, 217 and 219 are reduced. The
requirement of stopping short of oxide layer 221 and the additional of the
Sfép of milling the remaining portion of substrate 213 with a FIB milling tool
results in an undesirable increase in the amount of time required to expose
fiducial 201.

It is also noted that after substrate 213 is removed from fiducial 201,

special care must be given to fiducial 201 to prevent excessive amounts of

light from being exposed to the epoxy layer 225. For example, in some



It is also noted that after substrate 213 is renoved from fiducial 201,
speci al %%W&t be given to fiducial 201 to prevent excessiu§daggnts of
light fr & g exposed to the epoxy |ayer 225. For exanple, in sone

WD 98/ 30913

PCT/ US97/ 22690 -5 -

I nst ances when epoxy | ayer 225 is exposed to an excessive anount of

| aser |ight, epoxy layer 225 may boil and expand, consequently rupturing

t he adj acent substrate and destroying the fiducial and the surrounding
integrated circuit. Therefore:Swhat is desired is a fiducia

t hat does not require both a | aser chem cal etch and a focused ion
beam m | | t o istpnses awhiendepoxyl lafer 225 is expededitu ag excessivegnadwad ofi rcui t .
Such a fiducial should have the ability to be exposed using only a
| aser cheni cédsentlight, apexyf lagec2a6 eay blod anut expsdridrconsequently arptutiegri sk of
bei ng destroyed because of the catastrophic etching of net al
contacts in the adijactnt sapetratd anddeéstroping thediducinlcinal thehsurrebralisg have

a mnimal risk of being damaged fromthe exposure |light to an epoxy

underfill | ayetegrated circUitSUMVARY OF THE | NVENTI ON A fiduci al
for aligning an integrated circuit die is, described. In one |
embodi ment, the fi prarey ‘é’%ﬁ S RARed I8 %f'g‘i“dﬁbtil"ﬂ gP@@i“@ﬁ refuiterRotvA egr at ed

st 5 i SHBELeBTo Fe AEIR b A B AR 2o
S gy at e SRRRTPAR inteBfendh el Ok ABublh ShEu AR Mo LR 8 the
exposed using only a laser chemical etch. The fiducial should not suffer
from the risk of being destroyed because of the catastrophic etching of
metal contacts in the oxide layer. In addition, the fiducial should also have
a minimal risk of being damaged from the exposure light to an epoxy

underfill layer.

SUMMARY OF THE INVENTION

A fiducial for aligning an integrated circuit die is described. In one
embodiment, the fiducial is disposed in a fiducial region of the integrated
cifcuii dfe. A diffusion region is disposed in the fiducial region of a
éﬁbstrate of the integrated circuit die. An oxide layer without a contact is
disposed over the diffusion region in the fiducial region of the integrated
circuit die. A metal pattern is disposed over the oxide layer in the fiducial
region of the integrated circuit die. Additional features and benefits of the
present invention will become apparent from the detailed description,

figures and claims set forth below.



circuit die. A nmetal pattern is disposed over the oxide layer in the

fiduci al gion of the integrated circuit die. Addit] ures .
and benef |v¥(§928?0911§ present invention will becone ap#)(glf}g t 2?€9t8m t he
detail ed description, figures and clains set forth bel ow
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BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is
illustrated by way of exanple and not limtation in the acconpanying
figures. Figure 1 is an illustfation of fiducials arranged in
an integrated circuit die for aligning the integrated circuits die to
precisely locate an integrated circuit node of interest.

Figure 2 is an illustration of a cross-section of a prior art fiducial.
Figure 3 is aBRIBRUBESSRIBTION GF AR DRAAMINGS of a fiducial in

accordance with the_ teachings of the present invention. Fi gure
4 is an illustratiorhepresent éweotion is ilkstatdd by wayt dfexantiie sndienoff t he
integrated circuit die in accordance with the teachings of the present
invention. limitationgpthe| aagoprsorinriignes. A fiducial for
aligning an i ntegra}ed circuit die is disclosed. In the fol | ow ng
descripti on nuner oldO4Redils AR itetetion qfifidusials piapged in @ndstegrated circuit

rovide a thorpu nder st andi.ng of ' the sent invenption. It will be
P die S?or athgnmg tthe gntegrated cx}}cw S le to precisely locate an integrated

circuit node of interest.

Figure 2 is an illustration of a cross-section of a prior art fiducial.

Figure 3 is an illustration of a cross-section of a fiducial in
accordance with the teachings of the present invention.

Figure 4 is an illustration of a view of a fiducial from the back side of
the integrated circuit die in accordance with the teachings of the present

invention.

DETAILED DESCRIPTION

A 'fiducial for aligning an integrated circuit die is disclosed. In the
fbilowing description numerous specific details are set forth in order to
provide a thorough understanding of the present invention. [t will be
apparent, however, to one having ordinary skill in the art that the specific
Qetail need not be employed to practice the present invention. In other
instances, well known materials or methods have not been described in

detail in order to avoid obscuring the present invention.



apparent, however, to one having ordinary skill in the art that the
speci fi cwoogsoddetail need not be enployed to practice thePpTASSTIZ2690

i nvention. In other i nstances, well known materials or nethods have
not been described in detail in order to avoid obscuring the present
i nventi on. WO 98/ 30913
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The present invention features a |light blocking path and a fiduci al

region that contains a floating diffusion,-but is free of metal contacts.
The present invention includes a netal pattern |layer that provides

al i gnnment I nformation. that y be used duri debyg of the integrated

circuit die. In Ihepgwrent pxsntioBleatyrae a igHdloskleg Padn gadm fdvriakt s an
derfill . |l i ) A . i d ci i di af
COoRT ot e et sofainsanefutd dFRGhS bk FBA Stk hitebicTd ' She”
onagr ooy | PTERERvERGEh Plaiddss BReel battam layel WA QiR alionERerd et
i nf ti i, i i i,t h | t l. . f,.th
present e BEFEREAThRERAY i ubb oOFhg sl bffago iyl o
o St e ook ERElnd i Bpckin pARRPAE S hddiy (AR RSt
circuit die iy ﬁ'x%@Hfécﬂntééiﬁﬁ@c‘) FEAPaR Q’eé‘éﬁﬁﬁratetlayerdﬁéél BHeh icested03

, c
and 305 of Figure n one enbodi nent of the presen I nvent1 on,

fiducial 301 4rftdifleved FrohtHeLduEal OTse ﬁ_@Ztin%ﬁﬂfu%RQ\ rehlon bPfHd Pbsent I N
substrate 313 of the integrated circuit die. en fiducial 301 is forned,

e | Ve e pramsousepd ey e ssm S, o
pattern additional alignment information in combination with the metal pattern layer
of the presently described fiducial.

Figure 3 is an illustration a cross-section of a fiducial 301 in
accordance with the teachings of the present invention. Fiducial 301 is
formed in an integrated circuit die in a fiducial region disposed between
dotted lines 303 and 305 of Figure 3. in one embodiment of the present
invention, fiducial 301 includes diffusion regions 307, 3092 and 311 floating
in substrate 313 of the integrated circuit die. When fiducial 301 is formed,
oxide layer 321 is formed over diffusion regions 307, 309 and 311 as
shown in Figure 3. A layer of metal is then formed such that a metal pattern
323 is formed over the oxide layer 321 within the fiducial region disposed
between dotted lines 303 and 305 in Figure 3. A layer of epoxy 325 is
formed beneath the integrated circuit die in fiducial 301 to bond the

integrated circuit die to an underlying C4 package (not shown). In one

embodiment of the present invention, light block 327 is disposed between



323 is forned over the oxide layer 321 within the fiducial region disposed
bet ween dotted |ines 303 and 305 in Figure 3. A layer of e g’i,zz‘; | S
formed befRIFA e int egrated circuit die in fiducial 301 ?gﬁégn ﬁ?e
integrated circuit die to an underlying C4 package (not shown). In one

enbodi nent of the present invention, |light block 327 is di sposed between
WD 98/ 30913
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the netal pattern 323 and the epoxy underfill layer 325 in the fiducial

regi on between dotted lines 303 and 305 as8shown in Figure 3.
Fiducial 301 is configured to be exposed fromthe back side 331 of

the integrat e Ghefl phtteire323 ahathsidpdxyUlrtddrit Riyat 328nd thé filugiapn regi ons
307, 309 and 311. In one enbodi ment of the present invention, substrate

layer 313 andegidrf betwaen déoiterhins¥)303 30 308 a8 khoameincigpre Sed of silicon
and only a |l aser chemcal etch is used to conpletely renbve the entire
substrate | ayer 31Bidacidl 801 fisisonfigureditohs &tphsedioitorarttie Itkduide 38¢ adxi de
| ayer 321. After substrate | %er 313 and diffusion regions 307, 309 and 311
are renoved, thetialegsatedegiveudade iby remaving substsaighs bk aad diffysien 3egionsr
al i gning and é)osi tioni n%tthe integrated circuit die. . . In one
embodi nent of3QhS30% @re s 1i dn enei nbodimentpdhe Presant Anvention, substratgr ocess
used to renove substrate | ayer 313 and diffusion_ regions 307, 309. and
311 has a hi dRYSEePE3@NG @1{7U§Pnsrem°@§@%éi390§m 11 fge qompsest @f sifigrn
silicon of substrate | ayer 3. and diffusi reqgions 307, 309 and 311
are miled aand onty S s Shafical alohis Hred o, ol oBHlal TRV R entie
conparison, t i f ' — i L bstantially
sl ower rate C#f‘g#?%t%% fl?h%ﬁ glfrfélsmr! @'gﬁénég %67, §O§”ahd96dl Pliofin T8 B |
layer 321. After substrate layer 313 and diffusion regions 307, 309 and 311
are removed, metal pattern 323 is visible through oxide layer 321 for
aligning and positioning the integrated circuit die.
in one embodiment of the present invention, the laser chemical etch
process used to remove substrate layer 313 and diffusion regions 307, 309
and 311 has a high selectivity of silicon over oxide. To illustrate, the silicon
of substrate layer 313 and diffusion regions 307, 309 and 311 are milled at
a rate of X using the laser chemical etch. In comparison, the oxide of oxide
layer 321 is milled at a substantially slower rate of X/1000 by the same
laser chemical etch process. As a result, etching effectively stops when
oxide layer 321 is reached after substrate layer 313 and diffusion regions
307, 309 and 311 are entirely removed with the laser chemical etch.
Since oxide layer 321 is free of metal contacts within the fiducial
region disposed between dotted lines 303 and 305, the present invention

does not suffer the same catastrophic acceleration of the etching process



| aser chem cal etch process. As a result, etching effectively stops when
oxi de | aywip 93B8%13s reached after substrate |ayer 313 and dil’fcfl‘ﬂéﬁ%);zﬁ%gi ons
307, 309 and 311 are entirely renoved with the | aser chem cal etch.

Since oxide layer 321 is free of metal contacts within the fiducial

regi on di sposed between dotted |ines 303 and 305, the present invention
does not suffer the sane catastrophic acceleration of the etching process
WD 98/ 30913
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when netal contacts are reached with a | aser chemical etch in the prior

mf i ng ep WESR AR cBhiagifhlloalhbe Wil f (i Ptbry bACe BRI PR Ehgt i on
m)bt e e yeaitiast Syt prior 8 MibialSgl A ?%@&ﬁ#%aqﬁ'lééf@%é*%éﬁ% 5 and
311 i i Se . .

"t o acknow 'S1g8h ERdpaS reribbe & final remdif i SOl R suBS0RR RYer 313

art fiducial ;ﬁgéefﬂﬁélé‘s’ié?fdﬁerﬁiealté}%‘?ﬁé)?ﬁg UskattotrBRibvRI Rk diftiré LB SHERR!

information that may be used during the debug process. It Is appreciated,
however, that3{®enar@afasionhyreghie 30EEdY dngi3ah FethugkIBe xide REer SRA1ikar
alignnment information with the topography 329 on oxide |layer 321. In
particul ar, ifre¢ of mdtabdcditattsby form ng the floating diffusion regions 307,

309 and 311 in substrate 313, corresponding ridges are forned in
oxi de | ayer B34 ackaowieegedtthahtheapetal @phiacd2 21621t 7 @ad? %esiypricn ve
di ffusion region 307, 309 and 311. That is, by providing floating

di f fusi on r egadiiclusil 2030mre useful tarthe @ifect that thry pravidgoalignrepogr aphy 329 in
oxide layer Bi%%or%rsac%}/oind&sét may be used during the debug process. lt is appreciated,
however, that the presently described fiducial 301 also provides similar
alignment information with the topography 329 on oxide layer 321. In
particular, it is noted that by forming the floating diffusion regions 307, 309
and 311 in substrate 313, corresponding ridges are formed in oxide layer
321 that result in topography 329 near each respective diffusion region
307, 309 and 311. That is, by providing fioating diffusion regions 307, 309
and 31\1 in fiducial 301, topography 329 in oxide layer 321 provides
information that may be used to help align the integrated circuit die during
the debug process. Accordingly, topography 329 in oxide layer 321 may
be used in combination with metal pattern 323 for alignment and navigation -
purposes of the integrated circuit die.
In another embodiment of the present invention, light block 327 is

disposed between the metal pattern 323 and epoxy underfill layer 325,
Light block 327 protects epoxy underfill layer 325 from being exposed to an



I nformation that may be used to help align the integrated circuit die

during woodhR1§€bUg process. Accordingly, topography 32%d¢tusysdeot ayer:
321 ma be used in conmbination with nmetal pattern 323 for alignnent

and navi gation pur poses of the integrated circuit die.

I n anot her enbodi nent of the present invention, Iight block 327 is

di sposed between the netal pattern 323 and epoxy underfill |ayer 325.

Li ght bl ock 327 protects epoxy underfill layer 325 from bei ng exposed to an
WD 98/ 30913 10
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excessi ve anount of light. As shown in Figure 3, light block 327 is | ocated
Wi t hin the fiedaessive aepunt adilighbsld shewneiarFigota 3dlight idecks8a7 imlwcatesl | n
one enbodi nent_ of the present invention, light block 327 protects the

epoxy under f within dye fidgois! regien wm&@ﬁatgeéweeﬁt@hegtlms&ﬁand S From

| aser | ight that may shine thrqugh the back sjide_331 of the

i ntegrated cionéugmbapinent of the presrN iaxention, dight blesk 327 pioteqisthe at e | ayer

215 an 111 uepoR et Bypr 3a5ian 3 PackaoptiReoraBR ciRitsle from lasers( de
oresont | 1 nvoighbhatish&shind Gesbriibe f ”%Ep%é?ef?f%aén%gﬁgba%%ﬁﬁ‘ft@[s%i, h
411 A, 407B, 4 ' ' ' ' ' '
substrate (n 361%3'%5\?\#59‘1%#&5(%% L\%@%{?%‘fbe%’lag?ﬁ%%taqa %éjss &Q‘%ﬁ tﬂg':“%ﬁga %%Ag ELOSA,
411A, 4078, 49§§ &ﬂ:%rds @é,lgtﬁ’gre | ocated within the fiducial region 403.

Di f fusi ons region 9A, 411 A, 407B, 409B and 411 B are coupl ed
Figure 4 is an illustration of a fiducial 401 as viewed from the back

side of the integrated circuit die in accordance with the teachings of the
present invention. Fiducial 401 includes diffusion regions 407A, 409A,
411A, 407B, 409B and 411B which are floating diffusions disposed in the
substrate (not shown) of the integrated circuit die. Diffusions 407A, 409A,
411A, 407B, 409B and 411B are located within the fiducial region 403.
Diffusions regions 407A, 409A, 411A, 407B, 409B and 411B are coupled
togethgr with a diffusion bar 435, which is also disposed outside and
around diffusion region 403 as shown in Figure 4. Diffusion bar 435 is
coUpléd to contacts 437, 439, 441 and 443 to provide an external electrical
édnnection to diffusion regions 407A, 409A, 411A, 407B, 409B and 411B.
It is appreciated that metal contacts 437, 439, 441 and 443 are all disposed
outside of the fiducial region 403 as shown in Figure 4. With the diffusion
regions 407A, 409A, 411A, 4078, 409B and 411B shown in Figure 4,

topography is formed in the oxide layer (not shown), which is disposed



together with a diffusion bar 435, which is al so di sposed outside and
around diyousgizgemar egi on 403 as shown in Figure 4. Diffusi onrdrws22690s
coupled to contacts 437, 439, 441 and 443 to provide an external electrical
connection to diffusion regions 407A, 409A, 411 A 407B, 409B and 411 B.

It is appreciated that nmetal contacts 437, 439, 441 and 443 are all

di sposed outside of the fiducial region 403 as shown in Figure 4.
Wth the diffusion regi ons 407A, 409A, 411 A, 407B, 409B and 411 B
shown in Figure 4, t opography is forqqd in the oxide |ayer (not
shown), which is disposed WO 98/ 30913
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bet ween t he dpetwegbihe diffusies regions 460h, 409A.41 %7@7&-0@@%%(1&111@

and a netal pattern 2l " After the substrate and diffusion
regi ons 407A, andgamesalpattern 428, 409B and 411 B have been renpved

TLSQ}%E Sﬁ?: ?Ltiflp'é?r@é?fﬁé”ag@s Goin gﬂasmrsawsfﬂ” S @fﬁ?”énd
Cireuitare. Toghrnl S1iBHsE et @i ol aafbab o i accaldhed Al a‘* 4
and an epoxy #RLlhilod BYEE B0k RgsNon hal pBlaRkass e DIAE TR

epoxy underfi Ser nay PeRPie rom |de of
the integrate i i S
appreciated t aetC bmgnlw%{a&%%@ @HQ%S %PQ”@?“Q%BHW agnlognlngoermatlon fok tné 407A,

005 G118 OB ASSSE o o o gty sl o,
et chi ng occur 829 8¢ epbxf iudidetll layeB (ot shodn) ALightdbIoek ¥27 rﬁ?ét%'ct§ﬂ1’§ acts
epoxy underfill layer from laser light that may shine from the back side of
the integrated circuit die through the oxide layer.
It is appreciated that when the substrate layer and diffusion regions
407A, 409A, 411A, 407B, 409B and 411B have been removed , all milling
of the substrate occurs within fiducial region 403. That is, no laser chemical
etching occurs outside of fiducial region 403. Accordingly, metal contacts
437, 439, 441 and 443 are not exposed to any of the effects of the laser
chemic.al etch process. Furthermore, since the boundaries of fiducial
region 403 are entirely within the boundaries of light block 427 as shown in
Figure 4, light block 427 adequately protects the underlying epoxy underfill
layer from any laser light that may shine through an opening in the
substrate after the oxide layer and metal pattern 423 of fiducial 401 have
been exposed.
In sum, the presently described fiducial eliminates the prior art step

of removing a portion of the substrate with a FIB milling tool. This additional
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in Figure 4, light block 427 adequately protects the underlying epoxy
underfill | ayer fromany |aser |ight that may shine through an
opening in the substrate after the oxide |layer and netal pattern 423
of fiducial 401 have been exposed. In sum the presently
described fiducial elimnates the prior ar 2§tep -of renoving a
portion of the substrate with a FIB nillin% tool. This additional WO
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i nadvertent|y daragi n ed Circuit di’es duri
In the foreggl 3] {4 ;
t he present %@gﬁ?f@gb g%qﬁggld%gggﬁ %%%H?%&(rﬁgfl ﬁ%ﬂtggﬂ ?%e%{s%bzgﬁ Ic
exenpl ary engdicaBRbIighiewarRh: rellics khe riQRé!V%’f/ﬁ{agdeﬂeﬁW @Smagtiﬁ%t varl ous
nodi fications and chariges nmay be nade thereto w thout departing fromthe
integrated circuit dies during debug.
In the foregoing detailed description, the method and apparatus of
the present invention have been described with reference to specific
exemplary embodiments thereof. It will, however, be evident that various
modifications and changes may be made thersto without departing from the
broader spirit and scope of the present invention. The present specification

and figures are accordingly to be regarded as illustrative rather than

restrictive.
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CLAI M5 is clained is: 1) Afiducial for
allgnlng‘HHIH “&HﬂHIﬁEWﬂHrCU't die, the fiducial di sposed in a

cial ~egeont Ofx rated circuit dle conpri si ng: a
dlffu5|on region disposed in a substrate ofzthe integrated circuit die
in the fiducial region; an OX|é% | ayer di sposed over the
di ffusion region w thout a contact in the fiducial region ; and
a netal patt posed over the oxide layer in the fiducial region.
2) The fiduci al descrlbed n claiml further conprising a |light
bl ock di sposed i n WRa! I§iRIFI18Y ISt egi on between the netal pattern and an
epoxy underfill [|ayer 3) The fiducial described in claim?2
wherein the integrated circuit die is conprised in a controlled

i duct al deseribeddin e RREFENRS: ae mpalitpdicicut die, the fheidfl eq (o
be exposed T PR3k fbGGaliedidlf of HE SRk F L aHt tiedlcBmprising:
a diffusion region disposed in a substrate of the integrated circuit die
in the fiducial region;
an oxide layer disposed over the diffusion region without a contact in

the fiducial region ; and

a metal pattern disposed over the oxide layer in the fiducial region.

2) The fiducial described in claim 1 further comprising a light
block disposed in the fiducial region between the metal pattern and an

epoxy undetfill layer

3) The fiducial described in claim 2 wherein the integrated circuit
die is comprised in a controlled collapse chip connection (C4) packaged

chip.

4) The fiducial described in claim 1 wherein the fiducial is

configured to be exposed from a back side of the integrated circuit die.
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5) The fiducial described in claim4 wherein the fiducial is

configured to be exposed with a | aser chenical etcher Wl;jt _houtla_ fogu\iﬁd _
![gg Hmmlluuulllll " l"l corrprl ses togggrglpﬂyci:glnf ?Sz(r:tra:jb'?o Ippogl glemal i gnre;lreﬁ!t "

i nf or frat ¥ ont. The fiducial described in claim1l wherein
the substrate conpri ses silicon. 14 - 8) The fiduci al
described in claim1 wherein the diffusi on regl on is coupled to a
contact disposed outside the fiducial reg 9) A net hod

of forming a fidudal f0Oe Heugal ﬁ%s%‘?eidrif‘éiﬁlﬁt gvhgretuthe fiducial igi e, the

fiduci al dISpOS i duci al i 0 he .i nt egr at e CIFCUIt dle t he
met hod conpr (E9R gum?os%%&gpeﬁedw'% laser chéfied sidhargy

emig Rt fppusad regi on
in asubstrate the .jntegrated circuit die |nthef|dUC|aI regi on;
di sposi ng an "6& "ng)gr over the diffusion region wthout a contact
in the fiducial region; and di sposing a netal pattern over the

oxide layer in the fi duci al regi on.
6) The fiducial described in claim 1 wherein the oxide layer

comprises topography configured to provide alignment information.

7) The fiducial described in claim 1 wherein the substrate

comprises silicon.

8) The fiducial described in claim 1 wherein the diffusion region

is coupled to a contact disposed outside the fiducial region.

9) A method of forming a fiducial for aligning an integrated circuit
die, the_. fiducial disposed in a fiducial region of the integrated circuit die, the
method comprising the steps of:

'diéposing a diffusion region in a substrate of the integrated circuit die
in the fiducial region;

disposing an oxide layer over the diffusion region without a contact

in the fiducial region; and

disposing a metal pattern over the oxide layer in the fiducial region.
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10) The nethod described in claim9 including the additional step of
di sposing a light block in the fiducial region between the netal pattern
and an epoxy underfill |ayer. 11) The nethod described in
claim 1OJME m,mmﬂ m rat ed circuit die is conprised in a
controll Eonnect ion (C4) packaged chi p.

12) The met fod"decribed in claim9 i ncl ugi ng the additional step of

exposi ng the fiduci aI from a back side of the integrated ci rcuit di e.
13) The net hod des I n cI im12 wherein the ex 03| ng s '
performed with a I b@ﬁ‘e QFE‘F{@?‘E%Q fiie Sine the 6Hdl§'@8ﬁ{ ﬁielpl

14 Th th d.d b th
Hicone ™ dsp%%%d a‘i@b Bigei b slgiel ?9*9@3@\949%"éhwtﬁhem%r%ﬂgr'tﬁﬁs

addi tional ste g the diffusion region to a contact disposed

out si de the FP@U@:‘? gpoxy U%%%Bgfg!ia

11} The method described in claim 10 wherein the integrated
circuit die is comprised in a controlled collapse chip connection (C4)

packaged chip.

12) The method described in claim 9 including the additional step

of exposing the fiducial from a back side of the integrated circuit die.

13) The method described in claim 12 wherein the exposing step

is performed with a faser chemical etcher without a focused ion beam mill.

1_4) The method described in claim 9 wherein the substrate

comprises silicon.

15) The method described in claim 9 including the additional step
of coupling the diffusion region to a contact disposed outside the fiducial

region.



