CRACK STOP STRUCTURE ENHANCEMENT OF THE INTEGRATED
CIRCUIT SEAL RING TECHNICAL FIELD [0001] The present disclosure
relates generally to semiconductor devices and fabrication methods, and
more particularly to a die seal ring structure for semiconductor integrated
circuits and fabrication thereof. -1 BACKGROUND [0002] Both United States
Patent No. 6,300,223 to Chang, et al. and United States Patent Application

0 ' I
SRR R e T

induced during the wafer dicing (cutting) process. United States Patent No.
6,300,223 to Chang, et al. and United States Patent Application Publication
2006/0264035 are incorporatgedasiedabysetaience. [0003] Due to
performance requirements with shrinking dimensions for the devices
fabrwatad onran integeatedtcircuit] sfabeisatien proeessessare gewneutilizing lowo

or ultra low K
semiconductor devices and fabrication methods, and more

particularly to a die seal ring structure for semiconductor

integrated circuits and fabrication thereof.



dielectric material. Utilization of such dielectric material may affect reliability
due to its inferior mechanical properties (e.g., low modulus, low strength,
poor adhesion) as compared to conventional dielectrics (e.g., silicon
dioxide). In addition, technology reduction with a decrease in saw street
width (in order to obtain extra space to accommodate more transistors in the
integrated circuit) may cause an increased risk of crack propagation into the

stack layer or at the pre-metal digggg' g;‘%gjsilicon substrate interface.
Further, with 3D Through- Silicon Via %’FF assembly technology emerging

in thegasqr fulyre, diging.af stacked wafers (1., especially Josthe, wafer, ;2 ..

backside), can potentially trigger cracking at the pre-metal dielectric and
asilicansuhstrate ipterface {00041 Ngws turmingda EGUREL; theredsshown & s
cross- sectional view of a typical die seal ring structure 110 fabricated
tarowngythe pepmeteref theeaetivel arer 420i(he i dhe integrated circait) of aing
die 100 on a wafer. The die ring seal 110 includes a crack stop structure
s(CSF180designed @ preventrcraek propagation amd aampistars oxXidatiopduce
barrier (MOB) 140 to

stress induced during the wafer dicing (cutting) process.
United States Patent No. 6,300,223 to Chang, et al. and United
States Patent Application Publication 2006/0264035 are
incorporated herein by reference.

[0003] Due to ©performance requirements with shrinking
dimensions for the devices fabricated on an integrated circuit,
fabrication processes are now utilizing low or ultra low K
dielectric material. Utilization of such dielectric material may
affect reliability due to its inferior mechanical properties
(e.g., low modulus, low strength, poor adhesion) as compared to
conventional dielectrics (e.g., silicon dioxide). 1In addition,
technology reduction with a decrease in saw street width (in
order to obtain extra space to accommodate more transistors in
the integrated circuit) may cause an increased risk of crack
propagation into the stack layer or at the pre-metal dielectric
and silicon substrate interface. Further, with 3D Through-
Silicon Via (TSV) assembly technology emerging in the near

future, dicing of stacked wafers (i.e., especially for the wafer



reduce moisture ingression into the active die area during the dice process,
package and assembly process, and environmental stress conditioning. As
illustrated in FIGURE 1, small buffer areas separate the CS 130 from a saw
street region 150, the CS 130 from the MOB 140, and the MOB 140 from the
active area 120. During wafer dicing, a substantial amount of stress (energy)
is generated from the cutting action along the saw street. This stress is

usually transferred laterally.to. the die seal ring regjon and may cause
AT el TSI oF iAteN i FHEHat8 e Bratking faaye o metal

aRropagate into the active area, \Cracking within the active area usually
renders the integrated circuit defective. [0005] In US Patent No. 6,300,223, a

suhgtsatertrench (unfilled) isdfabricateddn a pufferspace 4i.espthensaw street s -
region) adjacent a scribe line to reduce lateral stress during -3 wafer cutting.
s¢hisiapproachidees aibt appeardoaddressdheserack propagationuprobtem ati 0
the pre-metal dielectric and silicon substrate interface. In US Patent
fApplicatien RPubslicatiorhN ap<2006/0264035; e crakistopatreach 49 formed aridhe
filled with

integrated circuit) of a die 100 on a wafer. The die ring seal
110 includes a crack stop structure (CS) 130 designed to prevent
crack propagation and a moisture oxidation barrier (MOB) 140 to
reduce moisture ingression into the active die area during the
dice process, package and assembly process, and environmental
stress conditioning. As illustrated in FIGURE 1, small buffer
areas separate the CS 130 from a saw street region 150, the CS
130 from the MOB 140, and the MOB 140 from the active area 120.
During wafer dicing, a substantial amount of stress (energy) is
generated from the cutting action along the saw street. This
stress is usually transferred laterally to the die seal ring
region and may cause cracking in weak materials or material
interfaces, and cracking may propagate into the active area.
Cracking within the active area usually renders the integrated
circuit defective.

[0005] In US Patent ©No. 6,300,223, a substrate trench
(unfilled) is fabricated in a buffer space (i.e., the saw street

region) adjacent a scribe line to reduce lateral stress during



material having high crack resistance. One problem with the fabrication
method disclosed therein is the difficulty in etching the crack stop trench
through four layers of material (two metal, one inter-level dielectric, and one
dielectric). Moreover, the resulting interface between the crack stop trench fill
material and the silicon substrate may not be strong enough to resist crack
propagating at the interface. [0006] Current crack stop structures, such as the

CS 130in FIGURE 1, might adequately prevent crack propagation between
o e B R PR ne

CM”BE%%?Q% agginstaracking in.g wegk mechanical jnterface befween; ..,

the pre-metal dielectric layer (CA) and the silicon (semiconductor) substrate

5160 [0007] Theteforecthere is aneegfor anipiproved craclosiop: structiarenc .
(and method of fabricating) in the die seal ring surrounding the active area of

2adie onca Wetfer. &4 SUMMARYo0008} dnlacaerdancenwith ane embaodinent,th
there is provided a method of fabricating a semiconductor device. The
mptethhodl having high crack resistance. One problem with the
fabrication method disclosed therein is the difficulty in etching
the crack stop trench through four layers of material (two metal,
one inter-level dielectric, and one dielectric). Moreover, the
resulting interface between the crack stop trench fill material
and the silicon substrate may not be strong enough to resist
crack propagating at the interface.

[0006] Current crack stop structures, such as the CS 130 in
FIGURE 1, might adequately prevent crack propagation between
different metal layers and dielectric material layers in the
stack layer, but may not protect against cracking in a weak
mechanical interface between the pre-metal dielectric layer (CA)
and the silicon (semiconductor) substrate 160.

[0007] Therefore, there is a need for an improved crack stop

structure (and method of fabricating) in the die seal ring

surrounding the active area of a die on a wafer.



includes forming a first insulating layer overlying a substrate having an active
area in which one or more doped regions form at least a part of an active
device within the active area. A via is formed in the in the insulating layer
and a crack stop trench is formed in the substrate and filled with a first
predetermined material to form at least a first portion of an anchor within the
substrate. A stacked layer is formed overlying the first insulating layer, the
stacked layer including at least a ﬁ&?}ygj&%ﬂ ctive layer and a second
insulating layer overlying the first conductive layer. [0009] In accordance with

angiies §mbadiment, tere.is, pravided a semiconductor,device haying 8;.4 4

crack stop structure adjacent an active area. The crack stop structure
miccludes ar stackad layer having a pluralityefalternatingiinsulatinglayerse t hod
and conductive layers; and an anchor system including at least one anchor
i havingess firsipartion £nthedded wdthin aisupsteateofothersermicorductos dieate
and having a second portion coupled to a one of the conductive layers for
hattachingnthecstackeddayerito the Substrater[0010% Inyetanotygons form at

embodiment, there is provided a
least a part of an active device within the active area. A via

is formed in the in the insulating layer and a crack stop trench
is formed in the substrate and filled with a first predetermined
material to form at least a first portion of an anchor within the
substrate. A stacked layer 1s formed overlying the first
insulating layer, the stacked layer including at least a first
conductive layer and a second insulating layer overlying the
first conductive layer.

[0009] In accordance with another embodiment, there 1is
provided a semiconductor device having a crack stop structure
adjacent an active area. The crack stop structure includes a
stacked layer having a plurality of alternating insulating layers
and conductive layers; and an anchor system including at least
one anchor having a first portion embedded within a substrate of
the semiconductor die and having a second portion coupled to a
one of the conductive layers for attaching the stacked layer to
the substrate.

[0010] In vyet another embodiment, there 1is provided a



-5 semiconductor wafer including a substrate and a plurality of integrated
circuit dies. Each integrated circuit die includes a die seal ring adjacent an
active area. The die seal ring includes a crack stop structure having a stack
layer overlying the substrate and an anchor system coupled to the stack
layer and extending from the stack layer to a point below a surface of the
substrate. [0011] Other technical features may be readily apparent to one

killed in the art from the following fi descripti d claims. -6.
“ERIER DESCRIPTION OF ToL DRAWINGS 10T Fof ke GoRBRtE" °*
1yndststanding, of the, present disclosurg, and the advantages theregf. 1 yqes a

reference is now made to the following descriptions taken in conjunction with
dthe aecompanying-drawiags, whereindikecnumhers designrate;like objectsying

and in which: [0013] FIGURE 1 is a cross-sectional view of a typical prior art
idielsealding;crack stop structure having a stack layer overlying
the substrate and an anchor system coupled to the stack layer and
extending from the stack layer to a point below a surface of the
substrate.

[0011] Other technical features may be readily apparent to one

skilled in the art from the following figures, descriptions, and

claims.



[0014] FIGURE 2 illustrates a semiconductor wafer having multiple dies;
[0015] FIGURE 3A is a cross-sectional view of one embodiment of a die seal
ring structure in accordance with the present disclosure; [0016] FIGURE 3B
is a cross-sectional view of another embodiment of a die seal ring structure
in accordance with the present disclosure; [0017] FIGURE 4A is a close-up
and more detailed cross- sectional view of the interface between the guard

seal ring structur&&?gy%iﬁgé&gggo%&giﬁgﬁegmctor substrate;

[0018] FIGURE 4B'is a close-up and more cross- sectional view of

thepipgarigce between the.guard seal ing, stucture shown ig FIGYRE 28.apd,

the semiconductor substrate; and [0019] FIGURES 5A-5E are cross-sectional
aviewsllystratingq - £ Narigus steps of acmethod or precess, ik accordance with: o

the present disclosure. -8 DETAILED DESCRIPTION

the following descriptions taken in conjunction with the
accompanying drawings, wherein 1like numbers designate 1like
objects, and in which:

[0013] FIGURE 1 is a cross-sectional view of a typical prior
art die seal ring;

[0014] FIGURE 2 illustrates a semiconductor wafer having
multiple dies;

[0015] FIGURE 3A 1is a cross—-sectional view of one embodiment
of a die seal ring structure in accordance with the present
disclosure;

[0016] FIGURE 3B 1s a cross-sectional view of another
embodiment of a die seal ring structure in accordance with the
present disclosure;

[0017] FIGURE 4A 1is a close-up and more detailed cross-
sectional view of the interface between the guard seal ring
structure shown in FIGURE 2A and the semiconductor substrate;

[0018] FIGURE 4B 1is a close-up and more detailed cross-
sectional view of the interface between the guard seal ring

structure shown in FIGURE 2B and the semiconductor substrate; and

[0019] FIGURES 5A-5E are cross—-sectional views illustrating



[0020] Referring to FIGURE 2, there is shown a plan view of a
semiconductor wafer 200 in accordance with the present disclosure. The
wafer 200 includes multiple dies 210, with each individual die 210 having a
distinct integrated circuit or active area 220 formed thereon. The dies 210
are separated along scribe lines (or saw street areas) 230, 240 by sawing or
cutting using a mechanical process or by a non-contact process such as with

3, laser: Adle seal fing stiucturg 260 (including a erack stop structure (GS) ;.
Aot shown i FIGURE ) is formed arotind the periphery of the activé area

pggg@é@a&péyg@g{pﬁ@. prevent or reduce the likelihood of cracking in the die
210 during the separation process. [0021] Now referring to FIGURE 3A,
there is shown a cross- sectional view illustrating one embodiment of a die
seal ring structure 300. The die seal ring 300 includes a crack stop structure
(CS) 304 laterally adjacent a moisture oxidation barrier (MOB) 306. Small
buffer areas 308, 310, 312 separate laterally the saw street area 230, the CS
304, the MOB 306, and the active area 220, respectively. [0022] The CS 304
includes a plurality of stacked alternating



metal layers 314 and dielectric layers 316 overlying a substrate 302. The CS
304 also includes a pre-metal dielectric layer 318 -9 disposed between the
substrate 302 and the first metal layer (MIl) 314. The dielectric layers 316
disposed between two successive metal layers 314 are referred to as
inter-level dielectric (ILD) layers. Though nine metal layers 314 are shown
(MI-M8 and LB (metallization pad) ) with eight dielectric layers 316 shown

disposed therebetween, tl]ﬁe%g%i%%ct%;i%ggilﬁ%a;nclude any number of
C [

metal layers 314 and dielectric Tayers sposed therebetween, as

desisea fqr & Pacticular pE%C%%%Bﬁép@iC%‘ril%%[O%%Mﬁngi”ng%th%Qz of a

each adjacent pair of metal layers 314 is one or more vias 320. The vias 320

sare fosmedingthe dietectric Jayers 316 positioned,between gach respegtiv@ent
pair of metal layers 314 and filled with metal. Extending between the first
dinstablayee 314Tard into(bebow thesurtace of) thepsubstrate 302 areiane esch
more vias 322. The vias 322 are formed in the pre-metal dielectric layer 318
iadd-fildebwitAimetal {oracther cortiuctiveahatetialrAhgsuitatte iumberof ive
vias 320 and 322 may be used.
area 220 formed thereon. The dies 210 are separated along scribe
lines (or saw street areas) 230, 240 by sawing or cutting using a
mechanical process or by a non-contact process such as with a
laser. A die seal ring structure 250 (including a crack stop
structure (CS) - not shown in FIGURE 2) is formed around the
periphery of the active area 220 of each die 210 to prevent or
reduce the 1likelihood of cracking in the die 210 during the
separation process.

[0021] Now referring to FIGURE 3A, there is shown a cross-
sectional view 1illustrating one embodiment of a die seal ring
structure 300. The die seal ring 300 includes a crack stop
structure (CS) 304 laterally adjacent a moisture oxidation
barrier (MOB) 306. Small buffer areas 308, 310, 312 separate
laterally the saw street area 230, the CS 304, the MOB 306, and
the active area 220, respectively.

[0022] The CS 304 includes a plurality of stacked alternating

metal layers 314 and dielectric layers 316 overlying a substrate

302. The CS 304 also includes a pre-metal dielectric layer 318



[0024] The ILD layers 316 and the pre-metal dielectric layer 318 may be
formed of one or more insulating materials. By way of example, and without
limiting the types of insulating materials that may be used, the dielectric
layers may be an oxide, an organo-silicate glass, organic or inorganic, low-k
dielectric constant material (k < 4) or ultra low-k dielectric constant -10
material (k < 2.5), or may be formed of any other suitable dielectric

eterals) Thismaterial may b porays of nor: porpus. Thesae gt . o)

electric materials ma “oe used Tor the dielectric layers

s3The meal J;?lyeefééér 1and e, metyy é"%@%@@@&' %?e?t%aéﬁb%vﬁ%"%%%é?éssme

copper, tungsten, aluminum, silver, gold, other metals, or alloys thereof. The

msame ok different metals mayhe useddor the metal layers 3id-andthe-viasip)
320, 322. Copper is used in one embodiment because of its low resistance.

100254 TheBuhsitate: 302 may ok, farvexamples asikcosh substrate; sicondorn.B
insulator (SDI) substrate, gallium arsenic substrate, silicon germanium
(mglhstidtez eetamic subsiratel ghareZd Substrdte] gidssisubstrate for aldisptpwn

or any other suitable
disposed therebetween, the CS structure 304 may include any

number of metal layers 314 and dielectric layers 316 disposed
therebetween, as desired for a particular process or application.

[0023] Extending between each adjacent pair of metal layers
314 is one or more vias 320. The vias 320 are formed in the
dielectric layers 316 positioned between each respective pair of
metal layers 314 and filled with metal. Extending between the
first metal layer 314 and into (below the surface of) the
substrate 302 are one or more vias 322. The vias 322 are formed
in the pre-metal dielectric layer 318 and filled with metal (or
other conductive material). Any suitable number of vias 320 and
322 may be used.

[0024] The ILD layers 316 and the pre-metal dielectric layer
318 may be formed of one or more insulating materials. By way of
example, and without limiting the types of insulating materials
that may be used, the dielectric layers may be an oxide, an
organo-silicate glass, organic or inorganic, low—-k dielectric

constant material (k < 4) or ultra low—-k dielectric constant

-10-



semiconductor substrate materials, now known or later developed. In one
embodiment, the substrate 302 includes silicon (e.g., n- type, p-type, or no
type) provided in a single well or twin-well process, and may further include
an epitaxial layer. Active (having one or more doped/implant region(s)) and
passive devices may be formed on (or in) the substrate 302. [0026] As
shown, the overall CS structure 304 includes metal lines/layers 314

msgucturﬁlly <a}(nd<el%(ftr$ ally connected to [;%ach 0 h%rfthrél)u h 5% ernetal v.igs

. . . bl
O formed'in the (ftrlcof%lyénr%y 316. Differen conflgur# tions of aIt%lrJﬁat?ng ©

ametaland - 11 dielectricstack layers, and different materials gther than that
shown in or described with respect to FIGURE 3A, may be used if suitable
pfordhe CS stricturg=304. 1hiane eabodiment -thei €Sy struetwe304 s be used
continuous and surrounds the active area 220 of the die 210. [0027] The CS
fstructure3@4 of the presertrdisgligsurglincludes: ancanchoring:systarn 330 the
(comprised of the vias 322) for anchoring, adhering or interfacing the first
metetal layerdine AMI)a81Y with? theasubsteatd 302¢th thé embiarimenttshovat am,

aluminum, silver, gold, other metals, or alloys thereof. The
same or different metals may be used for the metal layers 314 and
the vias 320, 322. Copper is used in one embodiment because of
its low resistance.

[0025] The substrate 302 may be, for example, a silicon
substrate, silicon on insulator (SOI) substrate, gallium arsenic
substrate, silicon germanium substrate, ceramic substrate, quartz
substrate, glass substrate for a display, or any other suitable
semiconductor substrate materials, now known or later developed.
In one embodiment, the substrate 302 includes silicon (e.g., n-
type, p-type, or no type) provided in a single well or twin-well
process, and may further include an epitaxial layer. Active
(having one or more doped/implant region(s)) and passive devices
may be formed on (or in) the substrate 302.

[0026] As shown, the overall CS structure 304 includes metal
lines/layers 314 structurally and electrically connected to each
other through the metal vias 320 formed in the dielectric layers

316. Different configurations of alternating metal and

-11-



FIGURE 3A, the one or more metal vias 322 are formed in the pre- metal
dielectric layer 318 and extend between the first metal layer (MI) 314 through
the pre-metal dielectric layer 318. This structure functionally "anchors" or
attaches the CS structure 304 into or to the substrate 302. Additional details
describing a process for forming the anchoring system 330 are described
further below. [0028] Similar in materials and structure to the CS structure

304 is the MOB structure 306 adéace#tftherect?. Thce MO stru%%ﬂe
a

ru 6
Relifaes e %%%%if pltirality bf STAcKed AlterRating metar 1ayers 3T4 a%n8 n that

sdislecti layers316. operlying,the substrate 302 ;ang alsg,includes the, s .4 ;¢

pre-metal dielectric layer 318 disposed between the substrate 302 and the
sfirst metal layer 814. Asdifferent-numben of metal and-dielectrie layers 3d4e cs

316 may be -12 utilized to form the MOB structure 306. Other configurations
sarexqpossibleo Futthefpthtel sizevand ndmher-ofithesmetal \das 8320,a322 indheof

MBO structure 306 may be the same as or different from those in the CS
tsreucture 304 Similarly, MOB structure 306 may include any number of

metal Ia}]/ers 314 and dielectric layers 316
[0027] The CS structure 304 of the present disclosure includes

an anchoring system 330 (comprised of the vias 322) for
anchoring, adhering or interfacing the first metal layer/line
(M1) 314 with the substrate 302. In the embodiment shown in
FIGURE 3A, the one or more metal vias 322 are formed in the pre-
metal dielectric layer 318 and extend between the first metal
layer (M1) 314 through the pre-metal dielectric layer 318. This
structure functionally *“anchors” or attaches the CS structure 304
into or to the substrate 302. Additional details describing a
process for forming the anchoring system 330 are described
further below.

[0028] Similar in materials and structure to the CS structure
304 is the MOB structure 306 adjacent thereto. The MOB structure
306 includes the same plurality of stacked alternating metal
layers 314 and dielectric layers 316 overlying the substrate 302,
and also includes the pre-metal dielectric layer 318 disposed
between the substrate 302 and the first metal layer 314. A

different number of metal and dielectric layers 314, 316 may be

-12-



disposed therebetween, as desired for a particular process or application.
[0029] The substrate 302 further includes a doped region (e.g., P+) 360. This
doped region 360 interfaces with both the pre-metal dielectric layer 318 and
the vias 322 and provides a low resistance path (for grounding purposes) in
the seal ring in the event of any surge currents (e.g., electrostatic discharge)
and ionic contaminants. [0030] Now turning to FIGURE 4A, there is shown a

lose-up and more dﬁta% cross-sectional view he interface between the
U(E‘: étzrﬁ%tﬁcl'% %EIFWE Ien O% chruc%ure %O(\)% 82%‘161‘ ﬂz%urg%téﬁas are

e die'sealring shown in the

pagmigonducter substrate,302. [0031], The anghoring system 330.includes foup,

anchors 400 extending through the pre-metal dielectric layer 318 between

sthe fiust metaklayer (W)} 314 and intothe-subsirate 302 {0 & predetermined-on

depth below the substrate's surface. One end of the anchors 400 contact the
thirstanetal tayerqMI} 8ddcand ¢he odther £ndiissembedder intthesubsirates may

302. A portion of the -13 anchors 400 is formed within trenches 402 in the
isgbsidateaB@2 number of metal layers 314 and dielectric layers 316
disposed therebetween, as desired for a particular process or
application.

[0029] The substrate 302 further includes a doped region
(e.g., P+) 360. This doped region 360 interfaces with both the
pre—-metal dielectric layer 318 and the vias 322 and provides a
low resistance path (for grounding purposes) in the seal ring in
the event of any surge currents (e.g., electrostatic discharge)
and ionic contaminants.

[0030] Now turning to FIGURE 4A, there is shown a close—-up and
more detailed cross-sectional view of the interface between the
CS structure 304 (within the die seal ring 300) shown in FIGURE
3A and the semiconductor substrate 302.

[0031] The anchoring system 330 includes four anchors 400
extending through the pre-metal dielectric layer 318 between the
first metal layer (M1l) 314 and into the substrate 302 to a
predetermined depth below the substrate’s surface. One end of

the anchors 400 contact the first metal layer (M1l) 314 and the

other end is embedded in the substrate 302. A portion of the

—-13—-



that are aligned with the unfilled vias 322 through the premetal dielectric
layer 318. The trenches 402 are formed within the substrate 302 on
substantially the same layer level (RX layer) as the doping regions formed
for the active devices formed within the active area 220. [0032] To form the
anchors 400, the vias 322 and trenches 402 are filled with metal or a
dielectric material, such as carbon polymer dielectric, that is resistant to

gasking. gyher materials may be used to il the enches 402 and e vigs o,
§§ . etals tha? may IBe used Include copper, tungsten, aluminum, silver,

+89ld. other, mefals, or;alloys therget. ;ihe same, of ,different metals.may.bec . 2,

used in the vias 322 and the trenches 402. In one embodiment, tungsten is
qused andifermed. simultaneously with the, CA layer pracessy {0383} Briortothe

filling the trenches 402, an isolation wall/layer (or adhesion wall/layer) 404 is
sformed oa thexsuifaced (sides antybattems af¢he drenches/402.(kxoheyer) as

embodiment, the isolation wall is a dielectric material, such as silicon nitride
toesificon oxides Othes dicleotitsiormaterials riajebeeisedsto fornmese within

isolation walls 404, and may include a diffusion
the active area 220.

[0032] To form the anchors 400, the vias 322 and trenches 402
are filled with metal or a dielectric material, such as carbon
polymer dielectric, that 1is resistant to cracking. Other
materials may be used to f£ill the trenches 402 and the vias 322.
Metals that may be used include copper, tungsten, aluminum,
silver, gold, other metals, or alloys thereof. The same or
different metals may be used in the wvias 322 and the trenches
402. In one embodiment, tungsten is used and formed
simultaneously with the CA layer process.

[0033] Prior to filling the trenches 402, an isolation
wall/layer (or adhesion wall/layer) 404 is formed on the surfaces
(sides and bottom) of the trenches 402. In one embodiment, the
isolation wall is a dielectric material, such as silicon nitride
or silicon oxide. Other dielectrics or materials may be used to
form the isolation walls 404, and may include a diffusion
barrier.

[0034] Now referring to FIGURE 3B, there is shown a cross-
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barrier. [0034] Now referring to FIGURE 3B, there is shown a cross- -14
sectional view illustrating another embodiment of a die seal ring structure
300a. The die seal ring 300a includes a crack stop structure (CS) 304a
laterally adjacent the moisture oxidation barrier (MOB) 306. [0035] The CS
304a further includes the same or similar plurality of stacked alternating
metal layers 314 and dielectric layers 316, pre-metal dielectric layer 318 and

the vias ?jtZO,.as thﬂ shown in the CS 304 of IEI%URE t?A.tEé{[endin%e(_jl ring

Sbetween thé first metal layer 374 Bnd into (5efow the Surface of) the

sSYRSHAIE30% 5,0ne Qf, moke vias.3223. ,The vigs32aa.ate formed.inthe .. o,

pre-metal dielectric layer 318 and filled with metal. Any suitable number of
sviag322a mayde used. Latewallyidispeser: hetween dheias:322a is:a layeron
340 disposed on the surface of substrate 302 and extending from one via
p322a 40 thethenvia. 322a. Thus, the layer 340 connects the vias 322a
together at and above the surface of the substrate 302. [0036] The CS
strli€@P& B0lzeof e prédent distlosure includes the same or similar

plurality of stacked alternating metal layers 314 and dielectric
layers 316, pre-metal dielectric layer 318 and the vias 320, as
that shown in the CS 304 of FIGURE 3A. Extending between the
first metal layer 314 and into (below the surface of) the
substrate 302 is one or more vias 322a. The vias 322a are formed
in the pre-metal dielectric layer 318 and filled with metal. Any
suitable number of vias 322a may be used. Laterally disposed
between the vias 322a is a layer 340 disposed on the surface of
substrate 302 and extending from one via 322a to the other via
322a. Thus, the layer 340 connects the vias 322a together at and
above the surface of the substrate 302.

[0036] The CS structure 304a of the present disclosure
includes an anchoring system 330a (filled vias 322a and layer
340) for anchoring, adhering or interfacing the first metal
layer/line (M1) 314 with the substrate 302. In the embodiment
shown in FIGURE 3B, the one or more metal vias 322a are formed in
the pre-metal dielectric layer 318 and extend between the first

metal layer (M1l) 314 and the pre-metal dielectric layer 318.

—-15-



includes an anchoring system 330a (filled vias 322a and layer 340) for
anchoring, adhering or interfacing the first metal layer/line (Ml) 314 with the
substrate 302. In the embodiment shown in FIGURE 3B, the one or more
metal vias 322a are formed in the pre-metal dielectric layer 318 and extend
between the first metal layer (MI) 314 and the pre-metal dielectric layer 318.
-15 This structure functionally "anchors” or attaches the CS structure 304

into or to the substrate 302. [0037] The, MOB 306, structure may the same or
i G MO St Lot in FIEURE DA, (Tosei Naw toming 15 €S

sEIGURE 4B therg s shown a close-yp.and ;more detailed cross-sectional

view of the interface between the CS structure 304a (within the die seal ring

30Qapshqwiria RIGYRE ¢3Band-the-semigonductar-sitbstrate 302, 10039 the

The anchoring system 330a includes two anchors 400a extending through
Mthee pre-metak-dieteciria layerr31&ketwween the first metal layer (Ml) 314 and

into the substrate 302 to a predetermined depth below the substrate's

surf4688dnsend of nthedanchdrE-400a Tontadethe fisstthetal layer (vk)-3p4and

and the
more detailed cross-sectional view of the interface between the

CS structure 304a (within the die seal ring 300a) shown in FIGURE
3B and the semiconductor substrate 302.

[0039] The anchoring system 330a includes two anchors 400a
extending through the pre-metal dielectric layer 318 between the
first metal layer (M1l) 314 and into the substrate 302 to a
predetermined depth below the substrate’s surface. One end of
the anchors 400a contact the first metal layer (M1l) 314 and the
other end is embedded in the substrate 302. A portion of the
anchors 400a is formed within trenches 402a in the substrate 302
that are not necessarily aligned with the unfilled vias 322a
through the pre-metal dielectric layer 318. The layer 340 is
also is formed within the pre-metal dielectric layer 318,
contacts the surface of the substrate 302, and extends between
the vias 322a, as shown.

[0040] To form the anchors 400a, the vias 322a, and trenches
402a are filled with metal or a dielectric material, such as

carbon polymer dielectric, that is resistant to cracking. The
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other end is embedded in the substrate 302. A portion of the anchors 400a is
formed within trenches 402a in the substrate 302 that are not necessarily
aligned with the unfilled vias 322a through the pre-metal dielectric layer 318.
The layer 340 is also is formed within the pre-metal dielectric layer 318,
contacts the surface of the substrate 302, and extends between the vias
322a, as shown. [0040] To form the anchors 400a, the vias 322a, and
ltaren%he§ 40 a are fiIIe(% wmemeg%! or ag'ele&ric Taagteriaé,tseurcih as carbgnher
pgﬁlmer aielecfrlc,?ha?ls resistant to crac ing. Tre -16Tayer isformed o ﬁwe
nSame;ohsimilay materjals; Qthet materjals may e used fo fill thedrenchess .
402a, the vias'322a and form the layer 340. Metals that may be used include

aGeppeLniungstenalkiminym, sives golds othemetals, o alloys 1thereebpHae,
same or different metals may be used in the vias 322a, trenches 402a and

tiheslayen 340z Inonewembodimeat,, tuagsten isaisedranddormed or alloys
simultaneously with the CA layer process. [0041] Now referring to FIGURES
tBAthrdugh BRetireraareshdwiferent metals may be used in the vias

322a, trenches 402a and the layer 340. In one embodiment,
tungsten is used and formed simultaneously with the CA layer
process.

[0041] Now referring to FIGURES 5A through 5F, there are shown
cross—sectional views of a process in accordance with this
disclosure. With specific reference to FIGURE 5A, there is shown
a relevant portion of an initial die 210 including the substrate
302 having the pre-metal dielectric layer 318 formed thereon.
The layer 318 may be formed using any conventional process, such
as a chemical wvapor deposition (CVD) process or high density
plasma (HDP) process, and the dielectric material may be a single
layer of silicon nitride (SiN) or silicon dioxide (SiOj,), or
other material, or include multiple layers of dielectric

materials (e.g., SiN and SiOj). Other suitable dielectric

material (s) may be used.
[0042] Referring to FIGURE 5B, a next step in the process
includes selectively etching/removing the dielectric layer 318

and a portion of the substrate 302 to create the vias 322 and the
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cross-sectional views of a process in accordance with this disclosure. With
specific reference to FIGURE 5A, there is shown a relevant portion of an
initial die 210 including the substrate 302 having the pre-metal dielectric
layer 318 formed thereon. The layer 318 may be formed using any
conventional process, such as a chemical vapor deposition (CVD) process
or high density plasma (HDP) process, and the dielectric material may be a

single layer. of silicon nitride (SIN) or silicon.dioxide (Si02), or other material
B e IRatiple S SAGIGAAT FEBAR (€ or SR ALa-S05) OriEr ™
LSyitable dielectric material(s) may be used. [0042] Referring to FIGURE 5B,

a next step in the process includes selectively etching/removing the dielectric

layes @481 anda pertiom obthe: substrate-3Q2 ta createthe vas 822-and theor s

-17 trenches 402. Any conventional masking or removal process may be
4atilizech {004 BEThelsepth of the trenches 402 (ahcbresutting anchars 40Qbout

into the substrate 302 may range from about 10 um to about 200 or 300 um.
2[Hone emBodiment,Ithecarschors ekiewd intotthe anchors extend into the

substrate 302 about 100 um or less, and in another embodiment,
about 50 um or less. A depth sufficient for effective anchoring
and good crack resistance should be formed. A relatively deep
trench/via with high aspect ratio may pose process difficulties,
such as incomplete or non-conformal metal fill, wvoids, or seam
voids.

[0044] Referring now to FIGURE 5C, an insulating layer 404a is
formed on the sidewalls of the vias 322 and trenches 402 and on
the bottom surface of the trenches 402. This layer 404a forms
part of the isolation wall/layer 404. In one embodiment, the
insulating layer 404a 1s an oxide layer grown in a thermal
oxidation process. Other processes may be employed to form or
deposit the insulating layer 404a and other materials may be
used. Layer 404a may be any suitable thickness, and typically a
few hundred to a thousand Angstroms. After forming insulating
layer 404a, a barrier layer 404b is formed over the insulation
layer 404b, as shown in FIGURE 5D. In one embodiment, the

barrier layer 404b is a layer of deposited Tantalum nitride
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substrate 302 about 100 um or less, and in another embodiment, about 50
um or less. A depth sufficient for effective anchoring and good crack
resistance should be formed. A relatively deep trench/via with high aspect
ratio may pose process difficulties, such as incomplete or non-conformal
metal fill, voids, or seam voids. [0044] Referring now to FIGURE 5C, an
insulating layer 404a is formed on the sidewalls of the vias 322 and trenches

ﬁ%%fj‘”d %fhefoort%%m surface.of the trenches, 402. This layer 404a forms
part of the isolation walllayér 204, In-one embodiment, the  insulating fayer

#0438 anoxideJayenarwn in @ thermal, oxjdation RIcEsS OMer pre_netal

processes may be employed to form or deposit the insulating layer 404a and

Jothes saterials may be diseds Layend04a may. be apysuitgble-thicknesss ande
typically a few hundred to a thousand Angstroms. After forming insulating

clayes dOdara bamier layerdddhsistforred oxer the-insalation 4lader 404b,caser
shown in FIGURE 5D. In one embodiment, the barrier layer 404b is a layer
mef depasitettTantalurmanitridd 218 TN CThisvformsaharrier detweehithieness,

silicon substrate 302
and typically a few hundred Angstroms. It will be understood

that the insulating layer 404a and the barrier layer 404b
together may form the isolation wall/layer 404.

[0045] Referring now to FIGURE 5E, a copper (Cu) seed layer
(not shown) is formed on the isolation layer/wall 404 and within
the vias 322 and the trenches 402. This may be accomplished by
forming (e.g., sputtering) a seed layer over the entire
substrate. Next, a patterned mask 500 is applied, and Cu layer
502 is formed at the defined topology with an electroplating Cu
process to fill the wvias 322 and trenches 402 (and form the
anchors 400). It will be understood that other metals and other
materials having substantial crack resistance and good adhesion
may be deposited to form the anchors 400. After the vias 322 and
trenches 402 are filled with material, the mask 500 is removed
and the remaining exposed Cu seed layer is removed, as shown in
FIGURE 5F. The remaining current structure is planarized to the
original pre-metal dielectric layer 318 with the anchors 400

therein. This also removes any remaining isolation wall/layer
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and the anchors 400 (yet to be formed) and between the pre-metal dielectric
layer 318 and anchors 400. Other processes may be employed to form or
deposit the barrier layer 404b and other materials may be used. Layer 404b
may be any suitable thickness, and typically a few hundred Angstroms. It will
be understood that the insulating layer 404a and the barrier layer 404b
together may form the isolation wall/layer 404. [0045] Referring now to

4ISI46%JR IEA?Eof%%] (ICEJ seed Ia%/ not show % %§q$£|sthm§%at§){]8'

Iayer ithin- the vias dthe trénchies

paceapplished by, forming @c%orﬁlgﬂt@ﬁ@g) & $ead layerver 18 eptirg .5 ca)

substrate. Next, a patterned mask 500 is applied, and Cu layer 502 is formed

pat the-defined tepolggy mithsan electroplating Cu process to fill the vias 322
and trenches 402 (and form the anchors 400). It will be understood that other

melale4dd nthem matesials havinghsupstantiad craok resistance@nd .geodat ing

adhesion may be deposited to form the anchors 400. After the vias 322 and
direhehées 402 ateefilled Withrnraterdak the aivasic 5004s fermoved. @ theand the

remaining exposed Cu seed layer is removed, as shown in FIGURE 5F. The
Vidmaitily eGRERt Stacttité %pl“ﬁ%ﬂze&latbetﬁe (ML) 314 are formed using

conventional processes.

[0047] The methods and structures described herein do not form
a complete process for manufacturing semiconductor device
structures. The remainder of the process is known to those of
ordinary skill in the art and, therefore, only the process steps
and structures necessary to understand the present disclosure
have been described herein.

[0048] The methods and the crack stop (CS) structures of the
present disclosure may be applied to any microelectronic devices,
such as integrated circuit semiconductor devices, processors,
micro—electromechanical (MEM) devices, optoelectronic devices,
and display devices.

[0049] Further, the structures and regions shown in the
FIGURES are not drawn to scale or actual form, and are for
illustrative purposes. It is also understood that the dies 120
and their active area structures may be formed using conventional

processes.
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original pre-metal dielectric layer 318 with the anchors 400 therein. This also
removes any remaining isolation wall/layer -19 404 on the upper surface of
the pre-metal dielectric layer 318. Planarization may be accomplished using
a chemical-mechanical polishing (CMP) process. [0046] At this point in the
process, the remaining alternating dielectric layers 316 and metal layers 314
(stack layer) and the vias 220 above the first metal layer (Ml) 314 are formed

usi ventional praocesses. [0047] The methods and structures described
or T P oS L] TS Tl e S SE s Lot

pg‘é\éiégs%H&C%%S-b-l;h%ﬁ%m?&de&of&'%? pracess,is known (. those.of apove.

ordinary sKill in the art and, therefore, only the process steps and structures
TRegessarydo.understansithepreseat disclosurer have heensgescriked hereiben

[0048] The methods and the crack stop (CS) structures of the present
ddisclaswre mayde-applied do amyemigroelegtrartie devices, reudh as intagratedh

circuit semiconductor devices, processors, micro-electromechanical (MEM)
s@@vmégpopﬁﬁmﬁﬁnﬂﬁ@@é@ﬁ%ﬁg materials, conductive materials and

apparatuses for depositing and etching these materials may have
been described, the present disclosure may not limited to these
specifics, and others may substituted as is well understood by
those skilled in the art.

[0051] Tt may be advantageous to set forth definitions of
certain words and phrases used throughout this patent document.

The terms “include” and *“comprise,” as well as derivatives

g ”

thereof, mean inclusion without limitation. The term *“or” is
inclusive, meaning and/or. The phrases “associated with” and
“associated therewith,” as well as derivatives thereof, mean to
include, be included within, interconnect with, contain, be
contained within, connect to or with, couple to or with, be
communicable with, cooperate with, interleave, Jjuxtapose, be
proximate to, be bound to or with, have, have a property of, or
the like.

[0052] While this disclosure has described certain embodiments

and generally associated methods, alterations and permutations of

these embodiments and methods will be apparent to those skilled
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and display devices. [0049] Further, the structures and regions shown in the
FIGURES are not drawn to scale or actual form, and are for illustrative
purposes. It is also understood that the dies 120 and their active area
structures may be formed using conventional processes. -20 [0050] It may
be possible that the order of steps or processing can be changed or varied
from that described above. It will be understood that well known process(es)
.have not been described in detail and have been omitted for brevity.
R Eeciic St MadLthg Haier s Gondatve FatGhald mndmeLe
-ABBAIUSes fardepgsitingand etehing Shese materials may. paye,been orper

described, the present disclosure may not limited to these specifics, and
cathersdnay gubstituted-as js well understeed by hese skilled insthe artyi thout

[0051] It may be advantageous to set forth definitions of certain words and
dphrasesndsedrthrougheut dhisrpatentrdocament. The tefims "mnchudesant, as

"comprise," as well as derivatives thereof, mean inclusion without limitation.
dfghenemnPortise following claims.
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inclusive, meaning and/or. The phrases "associated with" and "associated
therewith," as well as derivatives thereof, mean to include, be included
within, interconnect with, contain, be contained within, connect to or with,
couple to or with, be communicable with, cooperate with, interleave,
juxtapose, be proximate to, be bound to or with, have, have a property of, or
the like. [0052] While this disclosure has described certain embodiments and

ngsegg%ly g;gﬂ‘%ggteg@ethods, alterations and permutations of these
ods will be apparent to those skilled -21 in the art.
Accordingly, the above description of example embodiments does not define
or constrain this disclosure. Other changes, substitutions, and alterations are

also possible withaut departing-fiemthespirit aadiscape.etthis disclosure, tne
as defined by the following claims. -22 WHAT IS CLAIMED IS: 1. A method
mef tabiticatingra semiconductor device, the method comprising:
forming a first insulating layer overlying a substrate, the
substrate having an active area in which one or more doped
regions form at least a part of an active device within the
active area.
forming a via in the insulating layer:
forming a crack stop trench in the substrate;
filling the crack stop trench in the substrate with a first
predetermined material to form at least a first portion of an
anchor within the substrate; and
forming a stacked layer overlying the first insulating
layer, the stacked layer including at least a first conductive

layer and a second insulating layer overlying the first

conductive layer.

2. The method in accordance with Claim 1 further
comprising:

filling the wvia in the insulating material with a second
predetermined material, wherein the predetermined material and

the second predetermined material together form the first portion
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forming a first insulating layer overlying a substrate, the substrate having an
active area in which one or more doped regions form at least a part of an
active device within the active area. forming a via in the insulating layer:
forming a crack stop trench in the substrate; filling the crack stop trench in the
substrate with a first predetermined material to form at least a first portion of
an anchor within the substrate; and forming a stacked layer overlying the first

ins%aéingné yer, the 3tacked layer including at least a first conductive layer
and a second)m’su?éilng layer overlying the first conductive layer. 2. The

method dg ageordance with; Glaim 1. further. gomprising: filipg the yiaip e, ;

insulating material with a second predetermined material, wherein the
t peedetenpineshmaterial-and, the second predetermined material together

form the first portion -23 of the anchor; and
3. The method in accordance with Claim 1 wherein the first

predetermined material comprises metal.

4. The method in accordance with Claim 3 wherein the first
predetermined material comprises copper, the second predetermined
material comprises copper and the first conductive layer

comprises copper.

5. The method in accordance with Claim 1 further
comprising:
prior to filling the crack stop trench, forming an isolation

layer on a surface of the crack stop trench.

6. The method in accordance with Claim 5 wherein forming
the isolation layer further comprises:
forming an isolation insulating layer; and

forming a barrier layer over the isolation insulating layer.

7. The method in accordance with Claim 6 wherein the
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wherein the second predetermined material interconnects with the first

conductive layer. 3. The method in accordance with Claim 1 wherein the first

predetermined material comprises metal. 4. The method in accordance with

Claim 3 wherein the first predetermined material comprises copper, the
second predetermined material comprises copper and the first conductive

layer comprises copper. 5. The method in accordance with Claim 1 further
.comprising:.prior.to filling the crack stop trench, formin jsolation .layer on
o e back G atch & TS SrethSH R ALSorihncs it et &%
Cwllaﬂqigefgrlmncgc the isolation layer further comprises: forming an isolation

insulating layer; and forming a barrier layer over the isolation insulating layer.

7. The method in accordance with Claim 6 wherein the -24 isolation

insulating layer comprises oxide and the barrier layer comprises nitride.

8. The method in accordance with Claim 1 wherein the anchor

anchors the stacked layer to a point below a surface of the

substrate.

9. The method in accordance with Claim 1 wherein the crack

stop trench surrounds the active area of the substrate.
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8. The method in accordance with Claim 1 wherein the anchor anchors the
stacked layer to a point below a surface of the substrate. 9. The method in
accordance with Claim 1 wherein the crack stop trench surrounds the active
area of the substrate. -25 10. A semiconductor die having a crack stop
structure adjacent an active area, the crack stop structure comprising: a
stacked layer having a plurality of alternating insulating layers and

cond %tlye layers: and an anchor s .seter’ﬂalncludlng at Ieaaslg og% anch%tr

having a firs pdc’r‘%ll(n)ﬁceor% 8ddad within a stbstrate of thHe semicondictor die” -

aggg daying, a second.parfion coupled fg a.one of the ,conductive Jayers.for, .

aching the stacked layer to the substrate. 11. The semiconductor die in

accorgdancewith Glain 10 whekein theangherextends thradugha fitstsulating
insulating layer overlying the substrate. 12. The semiconductor die in

lageardlance with Claim 14 wherer); thenanchor comprises metal and extends
at least about 10

an anchor system including at least one anchor having a
first portion embedded within a substrate of the semiconductor
die and having a second portion coupled to a one of the

conductive layers for attaching the stacked 1layer to the

substrate.

11. The semiconductor die in accordance with Claim 10
wherein the anchor extends through a first insulating layer

overlying the substrate.

12. The semiconductor die in accordance with Claim 11
wherein the anchor comprises metal and extends at least about 10

um below a surface of the substrate.

13. The semiconductor die 1in accordance with Claim 12

wherein the anchor comprises copper.

14. The semiconductor die in accordance with Claim 10

further comprising:
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um below a surface of the substrate. 13. The semiconductor die in
accordance with Claim 12 wherein the anchor comprises copper. 14. The
semiconductor die in accordance with Claim 10 further comprising: -26 an
isolation layer formed between a surface of the substrate and the anchor. 15.
The semiconductor die in accordance with Claim 14 wherein the isolation
layer further comprises: an isolation insulating layer; and a barrier layer over
the isolating insulating layer. an isolatjon layer formed betwe surface of
the St a A Ahelatghor B To R R OP Gl oG e

Substrate; and g plurality of integrated circuit dies, each integrated circuit die
including a die seal ring adjacent an active area, the die seal ring including a
crack stop structure, the crack

15. The semiconductor die in accordance with Claim 14
wherein the isolation layer further comprises:

an isolation insulating layer; and

a barrier layer over the isolating insulating layer.
an isolation layer formed between a surface of the substrate and

the anchor.
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stop structure comprising: a stack layer overlying the substrate, and an
anchor system coupled to the stack layer and extending from the stack layer
to a point below a surface of the substrate. 17. The semiconductor wafer in
accordance with Claim 16 wherein the anchor system extends at least about
10 um below the surface of the substrate. 18. The semiconductor wafer in
accordance with Claim 16 wherein the anchor system extends through a first
insulating layer overlying the substrate and the anchor system comprises
Coppot 10, TSmO tUCter 88 Tiace THARER Hth Clam 16 wherein the
anchar system includes g plurality of anchors and the crack stop structure
surrounds each of the plurality of -28 integrated circuit dies. 20. The

semicondugtar wafer inraccordance with Glaim 49 further comprising-agrated
isolation layer positioned between each 9 of the plurality of anchors and the
csubstitatedie including a die seal ring adjacent an active area,
the die seal ring including a crack stop structure, the crack
stop structure comprising:

a stack layer overlying the substrate, and

an anchor system coupled to the stack layer and

extending from the stack layer to a point below a surface

of the substrate.

17. The semiconductor wafer in accordance with Claim 16
wherein the anchor system extends at least about 10 um below the

surface of the substrate.

18. The semiconductor wafer in accordance with Claim 16
wherein the anchor system extends through a first insulating
layer overlying the substrate and the anchor system comprises

copper.

19. The semiconductor die in accordance with Claim 16
wherein the anchor system includes a plurality of anchors and the

crack stop structure surrounds each of the plurality of
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-29

integrated circuit dies.

20. The semiconductor wafer in accordance with Claim 19

further comprising an isolation layer positioned between each 9of

the plurality of anchors and the substrate.
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