FABRI CATI NG METHOD FOR CRACK STOP STRUCTURE ENHANCEMENT OF NNE | NTEGRATED
CIRCU T SRAL RI NG TECHNI CAL FI ELD [ 0001] The present disclosure rel ates
generally to sem coneuctbr devices anb tabricatirn nethods, and nore
particulary to a die seal ring structure for sem conductor integrated
circuits and fabrication thereof. BACKGROUND

FABRICATING METHOD FOR 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.



100021 Both United. States Patent No, 6,F, 00,223 to Chang,. at al_a:id
uni fed States Patent Application Pub: M: a:don 2006/ 4035 to Nogal orbvide
general descrinuions ot die seaa stractares and eacn proposes a dotterent
approach ro reduce stress induced dmaring the wafer. di United States
Patent Na, 6, 300.223 to Ch g, et al, and United States Patent

F,, polication Pnbaication incorporated herein by reference, [ 00031 Due
to performance requirenments with shrinking dinensions for the devices
fabricated on. an. integrated circui fabrication processes are now

utJ1' .iing lowor ultra | ow K di SFHIECHE erial _ Uilization of such

diei _ectric maLeriai may. affect. reliability due toitminfer-1lor

nmechani callOpP8per Bpes [eilged, Skowerpdaltast Now $t BéRgLR3 poofhadhesiéon) as
conpared to conventional dielectrics (e,g., silicon dioxide), In addition,
technl egy reductiomd itdreas decreasepbnisawistreebl wadiion (00 6Q0den08o
obtain extra space to acconmmopdate nore tranm stormin the integrated.

circuit) maygeRasepapvineregsgdrhiiskqetcenaekonkt pagat gien EaLo thengtack
laver Or at. the pre-netal dielectric. and silicon substrate interface.

Pu_r- | gLEakBuye iy 3RThiauah, <o LI an A fbo { TS, assEiy Leghool ogy

energing int near future, st acke ers especi aLiy
bro - meb&F i cHBATEEG ANk ¥T3 1 Q0K sUbHEYat crAter f 456" 080410 POW R i ng.
to FiQui-T.Ethere is snuwn a. cross- ,
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 1its 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



sectional view of a typical die seal ring structuro 110 fahricated around.
the. perinmeter of the actine area 120 (i.e., the integrated circuit) of a
die 10e on a wafer. The die rincT seal 11.0 incd.ude.s a crack stop
structure ;CS) 130 designed to prevent crack propagation. and a noisture
ezdgation barrier (MIE) 140 to reduce noisture ingression into the active
die area during thle dice process, package and. assen bly process, and.
environl nental stress conditiondng. As illustrated in FIGJURE 1, snai
buffer areas separate the CS 130 froma saw street region 150, the CS 130
from PREMMEBCI40, candPPRENMOBL140 FiioiitheCagElVeIaréa 12T PaarTA§awaf er
dicing/ a substantial anount of stress (rim.Eroy.) is generated fromthe
cut ti ngligeeiconr ial ang tshe isaw streetratFhilgtetnfess.is usuall e transferred
|aterally tO the die seal ring rEdic.. mand .nmay cause GCra.C :(11-ig in
weak mat er[i00&@l4] orowraberhsdgLatcer facors"” 1ari dherac.kei Bho®@nlm . ctypss-
propagate into LI-Le Eictive area Cracking wdthih the active area usually
render sctthe onptiegrated eirrcui ¢ ygdefectives seal 0005]y i RtUSRatent 1No.
6,300, 2' 23, a. substrate trench (unfilled) is fabricated in a buffer space

the saw,street -negion)adiacent; a.. scridbeyLine to.reduce jateral stress

ourroci wafer cutting-.This approach does not. appear to address the crack

pr opagat.i I .t he e-.metal, dielectric and _silcon substrat

i nt erfg%let.%lr%t%%J %&rﬁreﬁftltﬁpﬁﬁ (?atcﬁgen%ﬁuobﬂncaat iwoanfc%. 5&%/%5656519 geéﬁack
S5top trench is fornmed and, filled with materl _al_having In yn crack
resist&ﬁ@e?nﬁ EdﬁFoBISﬁ?ﬁktﬁt?ﬂesFﬁB?FEE?i@#ﬂﬁﬁ$ﬁxﬂ?ﬁ%&ﬂ%%éﬁ’Eﬁ@ﬁ@ﬁﬁ is
the difficulty in etcli.l.rig the crack spoE_trench t hrough four |ayers of

mat er i &lF 26vo Preralda tone isnder- Mevielt Wicel te oramd e i ((08ct Aide) to
Moreover, the resulting interface between the crack stop trench fil

mat er i akdang e sSidriecomosgrstirat el may it . abeist . dboagaenaughrtogr esiest .
crack propagating at the interface [ 0006] Current crack stop

struct uties, mucldsas pheks 130di msHcGhIRE drodd ght . aadequat ebymphevent
cracic propagation iuetween different. netal |ayers ano dieiectric material

| ayer ssichekhe shrack itayely. huts nay) notrPregdinagasnst ¢rackihng bngroweak
mechani cal interface between the pre-netal dielectri.c fayer (G si and the

fia'eijco géégggge %?%&%L%@eagﬁﬁﬁ%@t&&?% saw L0001 EQQESRO;L?g theLecls a

: p s ructure (and nethod ot fabficating) in

the di ?BBe%lr'omr itrk]l% %‘Er ‘1‘4'60,” 'a’n:dq 'tl{[en?/IO%Ctli4\6e f%:ro?na t?*fe aéc ii%eograea\A%ZfOe.y' )
During wafer dicing, a substantial amount of stress (energy) is
generated from the cutting action along the saw street. This
stress 1is 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



SUI SI ART (0008laccprdanc with O | e aabodi nent, there is provided a nethod
of fabricating a sendconductor device. The nethocl. includes formng a first
insulating |ayer overlying a. substrate having an active area in which one
or nore regions format |least a. part of an. active device within the
active area. Avie Cs inthe in the insulating layer. and a crack stop
trench is formed in the substrate and filled with a first predeterm ned
material to format least a first. portion of an anchor. within the S
ubstrate, A stacked layer is formed overlying the first insulating |ayer,
,he stHeked [Ayering-ncl EﬁﬂﬁgaQProla@é]std%esfllﬁ%? eoRbBact ite 1&yerSantRa
second i nsul ating |ayer overlying the first conductive | ayer. [ 0009]
| n accordahkcerwtdranot heroblarbedi meat prehereal sdpebvided: aacsenmiléonduct or
devi ce having a crack stop structure adjacent an active area. The crack
stop stnuetureei nokudesca .st acked |Byernthaipllicat con aupiicaElbntvo.c
alternating insulating. layers and. conductive |ayers; and an anchor

syst enpobsgbudiungsat .4 | eastrone ancheenbaviing eo fhést aper teicardd eisf p beddeb
Wi thin a substrate of t he sem conductor die and a second portion coupled to

a one ﬁ’lét%?%a‘io’?%l{ﬁ%g"%iﬁ%%a&@ r@él%qu&theoﬁéa%%ﬂe%y%lﬁﬁ the

substrate. [0010] In yet another enbodi nent, there is provid

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.



w.fer ino.1.0.1r."4 ae.nd4of hjeh,hie ib:til.,:dee *ab bdiecabi:1 ah: activn
at ea, The 4. 6e eeal cLng etphateb' a atahb lay.4:r the 3hbatr.a.t. enbaer

:> yatemouple:a to the f.r.cmtheid4v.era surfcetha 100111 .. ot hx
t.ecnicaimav be readily apcarent to one

SUMMARY

[0008] In accordance with one embodiment, there is provided a
method of fabricating a semiconductor device. The method
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 1is 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 is provided a



t.e a.r6.fofloving BRI EF DESCRI PTI ON OF THE DRAW NGS 100111 b or a nore
conp eundo st ding of tne. -present disciocure, and the advantages thereof,
reference is now made to the followi ng nesciiptions taken In conjunction

wi th the accompanyi ng draw ngs, wherein |ike nunbers designate ihob-I|ects,
and in. which FJ.S3RE 1. is a cross-sectional view of a typical
prior art die seal NO141 FlI GURE 2il ostr. atesa sem conductor wafer

havi ng nul t Ypi e di es;

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

claims.



[0015] FIGURE GA is a cross-sectional view of one enbodi nent of a die seal

rifle structure in accordance with the present disclosure; (00161
FIGURE 33 is a cross-sectional view of another enbodi nent of a die seal
ring structure in accordance with the present disclosure; [0017] FI GURE

4.1% is a ciose-uo and nore detail ed cross-sectional view of the interface
bet ween the guard seal rin structure shown in FIGURE 2 and the

sem conduct or substrate; [Cola] FIGURE 48 is a close-up and nore
detail ed cross-sectional_view of the interface b n the guard seal ring
structure shown. in @3%5%@%&6%% t%?{é?rii “r substrate; and

(0019] FI GURES 5A-5E are cross-sectional views illustrating. ptesent
di scl o: : AKR@L2] For a more complete understanding of the present

disclosure, and the advantages thereof, reference is now made to
the following descriptions taken in conjunction with the
accompanying drawings, wherein like 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 is 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 2 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



DETAI LED DESCRI PTI ON (00201 Referring. to FIGURE 2, there is shown a
pl an view of a sem condector water SOU in accordance with the present

di scl hsure” The wafer 200 includes nmultiple dies 210, with each
indi.-aidual. die 210 having a distinct integbaled circuit or active area
220 fornmed. thereon_ The dies 210 are separated along scribe lines (or. saw
street areas) 230, 240 by sawing. or cutting u .nqg a. nebhanical process or
by a non -cobtact process such as with a laser. A die seal ring structure
250 (i ncluding crak stop structure (C.S) - not shown in F.10-0E 2) is

f or med "ar 6GHd t%ee%ser P%hé’r yIof 12 he Cact Steal 220 C6F ‘eadly dieth 21bct o
prevent or reduce the |ikelihood of cracking in tire die 210 daring the
separ aPir6[ Sprofess 1 0sure[0021] Now referring to EIM 41.51.Z. i1 SA, there is
shown a cross - sectional viewillustrating one enbodirant of a die seal
rini structure 300, The die seal ring 300 includes a crack stop structure
(CS) 304 laterally adjacent a. noisture daidation barrier (W13) 306, Smal
buffer areas S08, 310, 312 separate laterally the saw street area 230, the
CS 304, the MOD 306, and the active area 220, respectively. [0022] The CS
304 -includes a plurality of stacked alt:netal |layers $14 and dielectric

| ayers 316 overlying a. substrate 302, The CS 304 al so includes a
pre-nmetal. dielectric |ayer 318



di sposed between the substrate 302 and the first nmetal :La'/(M) 314, The
dielectric layers 31.6 dl snosed between two successive netal |ayers 314 are
referred to as inter-level dielectrir |ayers, Though nine netal .Livers 314
are shown (M.-1'"48 and LE (letal |i7atton badi': with eidielectric |ayers
315 shown di sposed t hereeetween, the CS structure 304 may include any
nnnber of netal |avers 314 and dielectric |ayers 316 di sposed

t here: between, as desired for a perticul ar process or applicatipin,

[ 0023] Extendlng bet ween each adj acent pair of netal |ayers :3:141:-: one
or more vias 320. The vias d’rﬁ%ﬁ" F5TXRE dielectric layers 316
posi ti oned between each respect|ve pair of netal layers 314 and filled with
met al , Ext@AdPhgRbétweendt he FIEERE Pethiherd atersi3mn andlainr véebefow t he
surface of) the substrate 302 are one or nore vias 322" The vias 322 are

f or medsenithedpreomnet alafedi el ri tnl ayerokrtdnard fuildred w4 h. presaht; or

ot her condnctive nmaLer.ai 3 ny suitable ninber of vias 320 and .522 may be

used, disc[0924¢. Thend L Fayerso 36 angk 4 heaof g netaledielogctiice, kayei . 318
may be formed oi. one or nore insulating waterials. By we of ezanole, and

Wit hOUEnhim&ué‘E cﬁﬂaﬁ AMPes, Ahd %Swléft&%t”%‘é‘&;@é@ecﬁ hat.c By e usede the

dielectric layers .P.EIty heart oxi d

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 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 1laterally 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



organ -sl11', 6 cate glass, organic or inorganic, iowk dielectric constant.
material (k. < 4) or ultra low -k dielectric. constant material (F.-2,5),
or may. be formed of any other suitable dielectric maiierial.(,3),This

mat eri al nmay be porous or non- porous. The sane or different

cnel ectraopcaLerJ. ats may be used for the die-'.ectric |layers 316, 315. The
metal |ayers 314 and the netal sins 320 and 322 may be forned of cooper,
tungsten, alum num silver, gold, other netals, or alleys thereof. The sane

or differeht. tals be used for e t | ayers 314 and the vias 320-
T2 ppereid RRTD e BSdRrEne VheRBhs hof T aE I HlodaseindlL?

[ 0025] The substrate 302 may he, for exanple, a silicon substrate, silicon
on i nsdlat of PESHIE Lshsticatle yegal 13 1um Bryenied substeet el Wsi FresAssive
geri.aani um substrate, ceram c substrate, quartz substrate, glass substrate
for a.mdigpl agycor any othereseitabl e seni oonductore lsybstleatte imat(éEPal s,
now known or | ater developed_ In one enbodinent, the substrate 302 incl udes
silicohagerg., Mhouype;ip: typeal oranertype) previstedid n(rel uhghedwekl or
twin-well process, an may further include an epitaxial |ayer, Act:dye

(havi ngmene1 0t zABR endopedJi nphiant & eghon(s))l and.i Ppassiyesdevicesnhipy be
formed on (or in) the sutstrate 302, (0026) I:is shown, the overall CS

struct yiep 30441 noldides.qiRtal Lhoesdd axerscaidestigsttnal ihanthe any

el ectricall'y connected to each other through the meta ies 320
;23 diSLSBEEi%fl%%ﬁkﬁ_%%%e%%f&fﬁegkdc%qgfgggyfén¥%§gr§1§féngggggsg8ta
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-



dielectric stack layers, and different materials, other than that. show In
or described. with respect re FIGURE 3A, may be used if suitable for the CS
structure 304. In one (a)MK)d.|.paerit, the CS structure 304, is
continuous and surrcuns the active area 226 of the. die 216, [00271
The CS structure 304, of the present disclosure includeu an anchoring
system 330 (ccinprised c:-f: the yias 322) for anchoring-, adhering or
interfacing the first nmetal layer/line (M) 314 with the substrate 302, in
t he enmbodi nent: shown in FIf):URF:. 1 3A, the one 0.1: IrLa.re netal. vies
322 arBf6Fme.l i N the Jre - bt &2Ydi RF eBOFTET afler 2318 At exEhdabetween
the first metal layer. (ML.) 314 through the pre -netad ddel ectrdc | ayer
318. THiislsertuéture Faunctl onal | yTharchorts'ricgrl atdaches poheu@S @t ructre 304
into or to the substrate 302. Additional details describing a

mr. ocebrous,.s ffoe Fetw) pirqdili€carcthariicngcs\WBieMa33@iane may be used
CAiF.=5(7.r-ileed further bel ow, [0028] Simlar in materials and
struct gpe tBethee CS-iStTUCtNE 304 6, S 3tthe NOS: sheust am{e?&(i Adi agent he
thereto. The MOB structure 306 includes the sanme plurality of stacked

al terngting nefal IB@()erénél%ﬁndmg%/elk%;t 'f'o‘ime@lyeéf %Jo%tpr | Cr t %UM{; g%g, the

substrate 362, and. also includes the pre-netal diele Iaye

d b 2_and he fi 14-
1120 T e s e ot UaT or B 508" Ot her SN Ul er fors af%e

possi bl e. FurLhe t he size and nunber of the netal vies 320"
t he NBE?@?rﬂEtﬂ?éﬁ%ﬁﬁ?ﬁn%?qi;StW@yéggeuﬁ§d FOH|F?%r¥ﬁﬁa#r%ﬂﬁQH§0§é4 ﬁnghe CS

structure $04. Similarly, MOB structure. 306 may include any nunber of
metal FA§er$231428nd3drel eEPPPET| ayeiis 316 diCceposEd CthEEabebREBRSCasST

desired far a particular process or application.
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-



(0029] The substrate 302 further intiudes a doped region P+) 360.
Thi s doped region 360 interfaces with both the pre-netal dielectric |ayer
318 and the vies 322 and provides a | ow resi stance path (for grounding.
purposes) in the. seal ring. in the event of any surge currents (e.g.,

el ectrostatic discharge) and ionic. contam nants. (00301 Now turning
DAP..." there is shown a close-up and. nore detailed cro57,s-53ectl. onal
view of the interface ngtweeh the CS structure 304 (within the die seal
ring 300) shown in FIGI'd.).11] 3A and the sem conductor substrate 302

[ 0031] d#‘ﬁ%e%%rﬁtr?g:]%fsaty@rﬁs 3304 A¢Fhaes t ot “Anchols 406G Tezt'8Rdihg"

through the pre-netal dielectric |ayer 318 between the first netal. |ayer.
(M) 334owndiinnes thecsubstrateh 802reetatopieédeRrer ﬁﬁnetﬂaMeb@huﬁéﬁoiAfthe
substrate's surface. One end of the anchors 400 contact the first netal

| ayer §M }aBld and tthe dthertmenduse epbéddedn mrichergubsinatte 302 @S
portion. of the anchors 400 is formed within trenclies 402 in the

substrateud02réhats are abngnecdw tahd heiwnfiddedheavizatyi v322 rthr oughort he
pre -Tetal dielectric layer 3i8.. The trenches 402 are forned within. the
subst xat, e 302 ong substantially the sane |ayer level ;RX layer) as the
doping reglons forned for the active devices forned. within the active area

220, [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-



[0032] To formthe anchors 400, the vies 322 and trenches 402 are filled
wth metai or a dielectric mater:al, such as carbon pol yner dielectric,
that is resistant to cracking, O her materials may be used to fill thc
trenches 402 and the --cdas 322, Metals that maybe used incl ude copper,
tungsten, alum hun, silver, gold, other. netals, or alloys thereof.. The
sanb or different netals may CO used in the visa 322 and the trenches 402.
I n one enbodi nent, tungsten is used and forned simul taneously with the CP..
| ayer process, 033] Prior tc. ling the trenches 402, an i sol ati on
wal | /1 8yefrfor %%lh%%l%nt%lMO/ﬁ étruF,t}lES 306y 494n¢B TG et o ORE &6Pf aces
(sides and boistoir.0 of the trenches 402. In one enbodi nent, the

i sol at PEASRAEI | §ua tdicsl edte @it errichlnuies hoast st | hebnl nit £ dé2oF
silicon oxide, Oher dielectrics or materials May be used to formthe

i sol at Boh wal tise 4080 sindiamyd roloude yvabdi thassane bas raorerdi{RO34 Nown
referring La FIGURE 31-3, there is shown a. cross- sectional. iiew
illusteabkpginanethes enbedi ment3®f. a.sdhelseal, Moy Sstduetuze 3300hayThe
are seal. ring 300a includes a cracft. stop struclare (CS) 304a laterally
adlaceﬂﬁclﬁﬁengh?tHﬁﬁbe'Qﬁim@@apaiéyé¥s(?44)anbzaléﬁg%trlc 1:0033] 3The CS

304a further Includes the sanme or siml.ar plurality of stacked alternating

Tayer BLa0HREC GRS 300" as T AT Ehoun i L N 0S 404 o VFl GFE 3A -

Extendlng betﬁeen the first. netal Iayer 314 and into (below the surface
of) thaPELbSEFraPB 302 is one or more vies 322a. The vas 322a are formed in
the pre-netal dielectric layer. 318 and filled with netal. Any suitable

nunber of [QP3813%2g W%@%@%d30@at%waw9rduls§dé@@%e@mq er9Pasn322a

is a. layer 340 disposed on the surface of substrate 302 and extending
from one-gia 822a3t6 -t hehothdrpeidard22an Bhls inthke fleayer w340 bonheths the
vias $225 together at and above the surface of the substrate 302.
(00361pThemESast tuellure r3dd4aayetr e prresertie disc! ©8Ur end nckoudeseana
anchoring system 330a filled vies 322a and | ayer 340) for anchoring,

adher i ngworeknterhasi pgchhecdi retoutalg l@yesddde id B 3h14 whthihhe
substrate 302. In the enbodi nrent shown in FIGURE 3B, the one or. nore netal

e B BRIt by P RO STttt e o1
dielecgﬁéciggxgrcg%gamlnants.
[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 (M1) 314 and the

other end is embedded in the substrate 302. A portion of the
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This struct):re functionally 'anchors” or attaches the CS structure 304a
into or to the substrate 302:, (0037] The I"a),E) 306 struetuie mav the
same or simlar to the MOB structure shown in ECCURE, 3A, (0038] Now
turning to FIGURE 46, there is shown a cdese-up and nore detail ed
cross-sectional view of the interface between the CS structure 304a (within
the die seal ring 300a) shown in FIGURE $ an4 the sem conductor substrate
302. [ 0039] The andhering system 330a i ncludes two anchon3 400a

ext endi ng tbrQuhe pre-netal dielectric |ayer 31$ between the first _netal.

I
| aver ENFRO324%8Ad intf@ T1ré! stibstiratte 3u21¢0 W DrEdeta? nf wedt Bebt h>bél ow

the sbbstrate's surface. One end of the anchors 400s contact the first

met al Fayerar¢ 1831)913ad vaid: tthe onheérd lefldviiss epbeddedriah tthe substeasée 302.
A ',portion cf. the anchors 400a is formed within. trenches 402a in the
subst rdt.e18302rt hatl aare rdts8 .neceissatrehvhaki ghed awiet hfdtheedainfithed vhas $22a
through the pre-netal dielectric |layer 318. The layer 340 is also is forned

Wi t hi nstibet pse= met al ordi eleetdritc aslayernd eontack get heswdir f @ce 16fetrheas
substrate 302, and extende between the vias 322a, as shown -
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 1is resistant to cracking. Other
materials may be used to fill 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. 1In 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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(0040] To formthe anchors 4005, the vies 322a, and trenches 402a are
filled wwth nmetal or a dielectric material, such as carbon pol yner
dielectric, that is resistant to cracking. The materials nay. be used to
fill the trenches 402a, the vies 322a and formthe |ayer 340. Metals that.
may be used include coppem tungsten, alum num silver: gold, other netals,
of alloys thereof. The sane or different netals may be used in the vies
322a, trenches 402a and the layer 340. In one elibodinment, tungsten is used
and formed sinultaneously. with the CA | ayer process, (00411 Now
referr?ﬁ@t%%n¢4GURES%%&Q%%@%H@HgIFHOFH%Fee%P%dgﬁﬁﬂh‘%@6%§h§hé€?énéFHQV|ems
of a process in accordance with this disclosure,. Wth specific reference
to Fl GUREUFAIreher8ai-s showmdiae sede-vany poPei Smcofidan imiciatk diep 210

i ncluding the substrate 302 haying the pre-netal dielectric |ayer 318

f ormedstheceone The)l adera 3lBtamyl he fdhaednusithg anyl conmwendk omat i@nocess,
such as a. chem cal vapor deposition process or high. density plasm

(TECT. pa)yrpeocessp)andethe dielectric material may be a. single |ayer of
silicon nitride (SiN or silicon. dioxide (8102), ol. other material: or

I ncl ude mahpsph erhayers %f04‘3' efectie mlaterdal Ehée §ame SEN andn;1ar

Si02), O her suitable dielectric material(s) m\/ be use
plurality of stacked alternating metal layers 314 and dielectric

layers 316, pre-metal dielectric layer 318 and the wvias 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 wvias 322a may be used. Laterally disposed
between the vias 322a 1s 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.
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[ 00421 Referring to FIGURE 53, a. next step in the process includes

sel ectively etch-leg/renoving the dielectric |layer 318 and a poltion of the
substrate 302 to create the vias 322 and the trenches 402, Any
conventional masking C renoval process nmay be utilized, (0043] The
depth of the trenches 402 (and resulting anchors 400) into the substrate
$02 may range from about 10 um tO about 200 or $00 nm |In One enbodi nent,
t he ancnbrs extend into the substrate $()2 about 100 umor less, and in
anot her enbodi ment about AOtc.i.imaor less, A depth suff|C|ent for

ef f ect TeS anehbE § gt andt goo erabky r est ST hee srfblhl P vedGhedea ©3
relatively deep trench/via with high aspect ratio may pose process

di fficettiesyuressicha asninconptet ehorswoscortaet@f-fill, ybide, or seam

va dS, [0044] |.-teferring SONto FIGURE 1, an insulating | ayer 404s.
is forned[on3theTisé deval Bscobtirheturasm322 tand strenkbhes 1402 aand cort ttche,
bottom surface of the trenches. 402. This |ayer 404a forns part of the

i sol atjyop. swalbihayesndPd. ihnrooerenbedi ment, the insulating layer 40la is
an oxide. layer grown in a thermal oxidation process.. O her processes nay

be enpl Oyf‘e'o&e fﬁsw ol e@gseot Etz%%mnagl ati,ng. | ayer, 494a emgsgiwra%d

materials used- L r 404a may bée any suitable thickness

g T L

i nsul af arrier Taye orne over

insulation. |ayer 404b, as shown in FIGJ , odi men

barri efS | ayercUosh 1€ ( |W&§E.m Fleposi n{pﬁﬁaﬁl £rPye l?T‘h\ﬁéE&?hi s
forms a barrier between the silicon substrate 302 and the anchors 100 (yet.
to be $Braed) thndspetweeauther ppebaetarcd?edectric layer 318 and anchors.
400. O her. processes may be enploy ' to formor deposit the barrier |ayer
404b and 0002P]naEber raksomaycbe ssed: 1. 1404hdeay the amrhouist ald) &

tni ckness, and typi few hundred Angstrons, It WII|l be understood that. the
i nsul atkbgntiayegi t ¥Pdagianchd herbatatzar diayerct404b 1kgget hes baywéeat mhd he,
isolation wall/layer 404, in another enbodinment, a. copper (Cr() seed |ayer

405 i sef prped,on it hea i spl atdign imeéhd\/\@dtcﬂoéhén%d&dsltmartet heowi ab. 322

and. the trenches 402. This may be acconplished. by rormng ie,q,’

SpUtteﬁkgggtgrﬁfﬁgd h§¥€ﬁ gglgw th%es%%%% Bte’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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l: 00451 P. eferring :CC7)."7 b.) EIGURE SE, a patt 8 3:37:3.d. ita
applied, and Cu laver 502 is forned at. the defined topology with an

el ectroplating Cu process to fill the vias 322 and trenches 402 (and form
the anchors 400). It will be understood that other netals anci other

mat eri al s ha7i ng substanti al crack resistanbe and. good adhesi on may be
deposited. to formthe anchors 400, After the vies 322 and trenches 482 are
filled with material, the mask 500 is reinpved and the remaini ng exposed Cu
seed. layer is renoved, as shown in FIGURE 5F, The remaini_g current

struct bPESE3 PP arariFet Péa the oraef nal. prelhetalnadielettsic | ayerr31a
with the anchorb 400 therein, This also renoves any renmaining isolation

wai | /| apepriajg4men tive upspert surifldcetlof thenpres netah, diktectasc32Payer
31Ei. Planarization ody he acbnplished. using a cham cal - meci andcel
fl,-clehof Fofmi thdHLayefl 3P0. Metla D0461aAtnaf e ypoiditirialudre cpppeess, the
remaining alternating dielectric layers 316 and netal |ayere 314 (stack

| ayer) cangsthe, vi esuR2Quaboveitherfired1apt altHayemdMil), 314 ape1Hosmed.
usi ng conventional. probesses, (0047] The nethods and structures

descri bed hgrei ntd@ not,Jf oyma R AL §,pr §§§?§ e MROUG AL UL L BTy 55

sem coducLor device structures, The renmal nder of” the pxocess Is ...,,:nown

to tho f i ski,LL i he art._a,,n , therefare, only.the, precess
st eps ggégétﬁacIﬁﬁ%%snggggségyitghﬁnd%?g%%naiphe p?gséhead?ggPééﬁ?gthave

be..n. described herein, , ,
tungsten %s 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 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 (Si0,), or
other material, or 1include multiple layers of dielectric

materials (e.g., SiN and SiO;). 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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1: 00481 The nethoda and tae crack stbp Oa:',) structures of the. present
dl eci oeure may be applied to any m croel ectroni c devices, such as
integrated circuit sem cenductar devices, processors.,
m cro-el ectromechani cal. (MEM devices, optoel ectronic devices, and.
di spl ay devi ces, [ 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 210 and their
active area structures nmay be fornmed using conventi onal (0050] It may
be posStBReRERah’? - t HELbr & SIS0 épsT8F Kpreces st AYe tah e Eranged 6F
varied fromthat described above. It will be understood that well known
process8tfeszpdhave not been described in detail and have been omitted for
brevity. Att.h.c.,....mn specific steps, insulating materials, conductive
mat eri al s [&@Ad3appanat dseshf of déposirennpeand02et(emi nesthesegmathenbaks may
have been described, the present disclosure may not limted to these
speci fLos,) andoother supBy rsubstiobutnied asnigs Weldm amderstioodmbyot besat
skilled in the art. [0051] It may be adantageous to set forth.
def i ni bhans rofpeertal n Mords. and, phrases, used 1hroughout ot hi s, pat et
docunent. The terns "include' and "cenprise,”" as well as derivatives
t hereo Ln Si it t limtatjion._ Tee.te cor" is inclusive,
nmeani n%uggg?(%rt.% ?ﬁg S%L&él\gesl%%gsusdocc{gatl}dés\?\ﬁ t%mga:h{]i ‘ggéggéfa 18%0? Iél?rel\!?\it h,"
as wel |, as, derivatives thereof an to include, he included within,
i nt er cBRRBEL g\Eh ¥, oﬁoi‘?%ﬁn, ded%]% a?‘ﬁg%l%qrhti no% L6 GPCWPER Icoupl e
to or with, be communi cable with, cooperate with, interleave, juxtapose, be
proxi nafe #6°%eETB6Nd 58 SErR WS B dave  Pehavereed pr o%e?ﬂla*éi‘{ei)y thepl i ke.
[ 00521 While this disclosure has described cprtain enbodi nents and.
gener aFrgnakgoves avedh net hlodssratt erationmsamhsparmueats ohi5 fofuflhése,
enbodi ments and nethods will be apparent to those skill ed.

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 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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in the art.Accortingly" the above desc.H2ton cr ccainrfie eithodirrants
does rot define or constrain this discieshre. O her chscgos,
substito.ticns, and sltotatioco are al so possible without. ficprirtinc:
ffamthe 3p: Lci 00t scope of this
di scl osure, 03 ea:fined by the following WHAT IS CLAIMED | S:

(TiN) . This forms a barrier between the silicon substrate 302 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. In another embodiment, a copper
(Cu) seed layer 405 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.

[0045] Referring now to FIGURE 5E, a patterned mask 500 is
applied, and Cu layer 502 is formed at the defined topology with an
electroplating Cu process to fill the vias 322 and trenches 402
(and form the anchors 400). It will be understood that other
metals and other materials having substantial crack resistance and
goocd 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 1s 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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nmet hod orabri.igg a sercicondctor device, odg rorm nger
ov.rivrncasubst.ra:JE:., the subetptive area inone or nore o. reeions form
at | east parr of an active device

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 (M1l) 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 1in the
FIGURES are not drawn to scale or actual form, and are for
illustrative purposes. It is also understood that the dies 210
and their active area structures may be formed using conventional

processes.
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wthi the acti formng a viain the first insulating |layer; formng a crack
star-) trench in the substrate; after formthe via and the crack stop

trench, filling the crack stop trenuh in the substrate with a first o
predeterm ned material to format least a first Pc Lion of an anchor w thin
t he substrate; and after filling the crack stop trench, formng a

stacked | ayer overlying the first insulating layer, the stacked |ayer
including at least a first conductive |ayer and a second insulating |ayer

overlying the first conductive layer. The nethod in accordance with claim|l
furt her Cdﬁﬁﬁlglﬁé 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. Although
specific steps, insulating 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] It 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

W ”

thereof, mean inclusion without limitation. The term “or” 1is
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 generally associated methods, alterations and permutations of

these embodiments and methods will be apparent to those skilled
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filling the via in the first insulating |layer with a. second predeterm ned
material, wherein the first predeterm ned material and the second
predeterm ned material together formthe first portion of the anchor; and
wherein the second predeterm ned material interconnects with the. first
conductive layer. 3. The nethod in accordance with claim| wherein the
first predeterm ned naterial conprises netal, 4. The nethod in accordance
with claim?2 wherein the first predeterm ned material conprises copper,the
second predeterm ned material conprises copper and the first conductive

| ayer &bBnprisesréoppefCCErATRE Livet otk i rPacCor dameel Wkt A cloai ¥t € her
conprising: prior to filling the crack: stop trench, form ng an isolation
| ayer embadsuefiagcedofsthet ciatknstop toengmin this disclosure. Other

changes, substitutions, and alterations are also possible without
departing from the spirit and scope of this disclosure, as

defined by the following claims.
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6. The nmethod in accordance with claim5 wherein formng the isolation

| ayer further conprises: formng an isolation insulating |ayer; and form ng
a bander | ayer over the isolation insulatino a ye 7, The nethod in
accordance with claim6 wherein the isolation insulating |ayer conprises,
oxi de and the harrier |layer conbrises nitride 3, The nethod in accordance
wi th cligiam ITsvenzeiMED hes:anchor ancbcre the attacked layer to a ph.int

Hel ow h surface. of the substrate.

1. A method of fabricating a 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 first insulating layer;

forming a crack stop trench in the substrate;

after forming the via and the crack stop trench,
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

after filling the crack stop trench, 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 via in the first insulating layer with a
second predetermined material, wherein the first
predetermined material and the second predetermined material

together form the first portion of the anchor; and
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9. The method in accordance with. claim 1l wherein the crack stop trench
surrounds the active area of the substrate. 10, A nethod of fabricating a
sem conductor device, the method conprising: formng .first
insulating |aver overlying a substrate, the substrate having an active area
in which one or nore doped regions format least a pert of an active device
within the active area; formng a plurality of vias in the first

i nsul ating. |ayer; formng a plurality of crack stop trenches in the
substrate; after formng the plurality of vlas and. the plurality of crack
stop trenches, filling the crack stop trenches in the substrate with

material to format |east a portion of. an anch i i :
wherein the second prééeterﬂ}ned materiar f%ég%é%&gg%€§”¥¥ﬁﬁle1 and

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 2 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.
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formng a stacked | ayer overlying the first insulating |ayer, the stacked
| ayer including at least a. first conductive |l ayer and a second insulating
| ayer overlying the first conductive layer. 11. The nethod in accordance
with claim10 further C onprising: filling the plurality of vies with
material to form another portion of the anchor.; and wherein the materi al

wthin L he i alddibOl s6r agkec3taRnbeenglien | s1aBhal ¢ anthder rabard al

within the plurality of vias is netal. e nmethod 1 n accordance with

laim 10 el h h [ S Wth fi i :
13" The HATHOE T - SE6DF ilbe TR COMENRE T UPEHAT , *BBmF e itges 1 or 1o

filling the plurality of crack stop trenches, formng an isolation |ayer
on. a e € BIPHIE Tradik SHp trench,

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.

10. A method of fabricating a 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 plurality of vias in the first insulating
layer;

forming a plurality of crack stop trenches in the
substrate;
after forming the plurality of vias and the plurality of
crack stop trenches, filling the crack stop trenches in the
substrate with material to form at least a portion of an

anchor within the substrate; and
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14. The method in. accordance with claim 13 wherein formng the isolation
| ayer further conprises: formng an isolation insulating |ayer; and
formng a barrier |layer over the isolation insulating. layer. 15. The

nmet hod in accordadoe with claim 14 wherein the isolation insulating |aver
conprises oxide and the baniet |ayer conbrieee nitride. 16. The nethod in

accor dance Wi clalm 40, sherehn Lhe 3achos gnehar s the. stacked Jayer to a

poi nt bel ow a surface 0 e su trate he net n accordance with

claim 10 wher el n, L he_pluy ali ty o cragk; 3Lopytrghehes, ur qund g, act i ve.

conductive layer and a second insulating layer overlying the

first conductive layer.

11. The method in accordance with claim 10 further
comprising:

filling the plurality of vias with material to form another
portion of the anchor; and

wherein the material within the plurality of crack stop
trenches is metal and the material within the plurality of

vias 1s metal.

12. The method in accordance with c¢laim 10 wherein the

anchor interconnects with the first conductive layer.

13. The method in accordance with <c¢laim 10 further
comprising:

prior to filling the plurality of <crack stop trenches,
forming an isolation layer on a surface of the crack stop

trench.

14. The method in accordance with claim 13 wherein forming
the isolation layer further comprises:

forming an isolation insulating layer; and
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18. A nethod of fabricating a sem conductor device., the nmethod conprising;
formng a first. insulating. Laver overlying a substrate, the substrate
having an active area in which one or nore doped regions format |east a
part of an active device within the active area; selectively renoving
material fromthe first insulating layer to forma. via extending through

the first i i ng. | : t b te; : i | Sy nateri al
fromthe sugg(#rng#e&t% @é?r%ltg(}t r%ﬁ@%iﬁ&%ﬁe%?gb:ﬁ%%geﬂ;l@o?ﬁ ng aﬁ{}g%/er of
first nf\teerial on sidewalls of the via and on sidewalls and a bottom
surface of°the trench.; after formng. the layer of first mteriai,
tilling the via and the trench wwth a secand material to form an anchor
eztending into at least. a portion of the substrate; and

15. The method in accordance with claim 14 wherein the
isolation insulating layer comprises oxide and the barrier

layer comprises nitride.

16. The method in accordance with claim 10 wherein the
anchor anchors the stacked layer to a point below a surface

of the substrate.

17. The method in accordance with claim 10 wherein the
plurality of crack stop trenches surround the active area of

the substrate.

18. A method of fabricating a 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;
selectively removing material from the first insulating
layer to form a via extending through the first insulating

layer to the substrate;

-27-



after 1:1 ilincl the via and the trench, form ng a stacked |ayer overlying
the first insulating |layer, the stacked |ayer including at |east a first
conductive layer and a second insulating |layer overlying the first
conductive layer, 19. The nethod in accordance with claim 18 wherein the

| ayer of material is a barrier layer and the second material. conprises

et al . E&h éﬁ hPéjmé 0195 apeg; wigthcliajdn é@b%ﬁ&@é nebi ledbichg 4 he via

and the tre urt er conpri ses: form ng a copper seed

| ayer Qn thq} 1%%H1Of f'ﬁﬁ} material within. the via and the trench; and
the via oﬁber usi ng an el ectropl ati ng process.

forming a layer of first material on sidewalls of the via
and on sidewalls and a bottom surface of the trench;

after forming the layer of first material, filling the
via and the trench with a second material to form an anchor
extending into at least a portion of the substrate; and

after filling the via and the trench, 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.

19. The method in accordance with claim 18 wherein the layer
of material is a barrier layer and the second material

comprises metal.

20. The method in accordance with claim 19 wherein filling
the via and the trench with metal further comprises:

forming a copper seed layer on the layer of first
material within the via and the trench; and

filling the via and trench with copper wusing an

electroplating process.
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