Sem conductor Device with Crack Prevention Ring and Method of Manufacture
Ther eof TECHNI CAL FI ELD [ 0001] The present invention relates generally to
semn conduct or devices, and nore particular |y to the formation of a seal
ring at the edge of an integrated circuit to prevent delam nation and
cracks in insulating Iayers of the integrated circuit during die

Sem conduci or t SERGNICIoR Revistlf (5 Preduion RIDEARANEGRAST, oo 'nS

Scaling or reducing the size incMasufacturelierepfrformance, primrily by
i ncreasing circuit speed, and al so increases the functional conplexity of
the integrated circuits. The nunber of devices per integrated circuit

(al so refertﬁgﬂﬁﬁﬁhnF he art as a chip or die) has increased throughout

the years. telgrat’ed circuits contained only. a small  nunber of

devi ces per chip, the devices could be easily |nterconnected in a single

| evel . t . a&f@ ng:g sed circuit
speed has Y\@gmo t?}’geéj}@s%gnﬁ@u ?gﬁﬁ:ﬁﬂgﬁrs @%@I&Qs erc‘gﬁnects

[00031 In a multi-leye nt er connecti o st m t he area.needed by the .

i nt er connecPafqUREY tq "'B’ﬁ'ai‘ ?réeﬂg" HEFX CIGHE RV eases t he
active device fractional area, resulting in i ncreased functional chip '
densi ty. | nidlamieation agd qaakﬂintmsmgiaym efithoiniegrated piranitalurng die separationi cat i on
schene increases the conplexity of the manufacturing process. Typically,
the active devices (e.g., the transistors, diodes, capacitors and other
conponents)ggpwﬂkﬂﬁctured in the Ilower |layers of wafer processing.

After the a es are processed, the multilevel

/

[0002] In the evolution of _integrated cu:cults in semicondﬁctor technélogy, there has been a
trend towards device scaling. Scaling or reducing the size increases circuit performance,
primafiiy by increasing circuit speed, and also increases the functional complexity of the
i:_)tegrated circuits. The number of devices per integrated circﬁit (also referred to in the art as a
chip or die) has increased ﬂlroughout the years. When integrated circuits contained only a small
number of devices per chip, the devices could be easily interconnected in a single levél.
However, the need to accoﬁlmodate more devices and increased circuit speed has led to the use

of multi-level or multi-layer interconnects.

' [00(}3] In a multi-level interconnection system, the area needed by the interconnect lines lis
shared among two or more levels, which increases the active dgﬁice fractional area, resulting in
increased functional chip density. Implementing a multilevel iﬂterconnect process to a
fabrication scheme increases the complexity of the manufacturing process. Typically, the active
devices (e.g., the transistors, diodes, capacitors and other components) are manufactured in the
lower layers of wafer processing; - After the active devices are processed, the multilevel

interconnects are usﬁally formed. Hundreds or thousands of chips or die are typically

-1-



I nterconnects are usually forned. Hundreds or thousands of chips or die are
typically -1 manufactured on a single wafer. The die are separated after

t he manufacturing process is conplete by sawing the die apart on scribe

| ines at edges of each die. The die are then individually packaged, or are
packaged in multi-chip nodul es, as exanples. [0004] As sem conduct or '

devi ces conti.nue to shrijnk, various aspects of nultilevel interconnect
processes fachy e syets wafere The %&@@cpmdﬁhaﬁmﬁﬂfah&ﬂgg{oe& gircuits
beconmes” |imted by the large RC tinme delay of interconnection |ines when

mi ni mum f ecmplatebysawingitte dieapart an ectiba dhew F ie. f |e. Therefore,
the industry is tending towards the use of di fe#e%eﬁtﬂﬁg% and

pr ocessesintiRiduil paM@ o ,Jntfjré j qpnect. J npl ement ations. In
particul ar, thdeméﬁange in tﬁa\gﬁ:&gggﬁj’gﬁlﬁggﬁm}gﬁﬁ%xaﬁlﬁfﬂ&i nsul ating material s
used in nmultilevel interconnect schenes is proving challenging and

requi r es: [0M)angAs semicontuondreevieds cBAtBmE fSshA vﬁﬁ;ﬁ?{gﬁ&&{&\%ﬁlﬁ%ﬁg) For many -
nduct I

years, the insulating material used to isolate co s from one
anot her V\ﬁ@r@ﬁde&% b0t Lhieon di oxi de has,.,a dielectric constant (k)
of approxi nately 4. 8ggféég§£%@8¢',ft\?ﬁ’?@&@%’ﬂ@ﬂ?ﬁﬁé@?ﬁ@%ﬁﬁt&mﬁsal ue k is
based on . ere 1.0 represents the dielectric constant of vacuum
However , lﬁ%lg?/ﬁ f% kg}:iﬂg%ﬁgUWéﬁlﬁfpﬁﬂ@W@nWﬁﬂd@mhﬁnmimmmi@vvards t he
use of lowdielectric. constant materials (e.g., having a dielectric

const ant edhbrdan abogt by fot examplef herefose,tha idddry TedefdihPtowardé ﬁQg%]ﬁg ow

Integrated circuit manufacturers are enploying finer citculrt w

S |m§ : ec tr ; d:;féerﬁ? gﬁtgfﬂ_ﬂg gx(edlepci;m&bs @RoBrovSbiled) Stk SHnbe i HANGNQILE, L O Make
particular, the change in the conductive materials and ihsulating materials used in multilevet
interconnect séhemes is proir_ing challenging and requires a change iﬁ a number of processing
parametefs. ' | | |
[000S] | For maﬁy years, the insulating material used to isolate conductive lines from one
another was silicon dioxide. Silicon dicxide has a dielectric constant (k) of approximately 4.0 or
greater, where the dielectric constant value k is based on ?\ scale where 1.0 represents the
dielectric constant of vacuum. However, now there is a trend in the semiconductor industry

towards the use of low-dielebtric constant materials {e.g., having a dielectric constant k of about

3.5 or less) for insulating materials.

[0006] - Integrated circuit manufacturers are employing finer circuit widths, low— dielectric
constant (low-k) materials, and other technologieé to make smaller and higher-speed
semiconductor devices. Along with these advanccments, tﬂe challenges of maintaining yield and
throughput have also increased. Low-k materials tend to be weaker and less robust than the
silicon diqxidg that was used as a dielectric material in the past. As far as reliabi]itj is
concerned, the low-k material near die corners has a tendency to crack/delamination, especially
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sem conduct or devices. Along with these advancenents, the chall enges of

mai ntai ning yield and  throughput have also increased. Lowk materials tend
to be weaker and | ess robust than the silicon dioxide that was used as a
dielectric material in the past. As far as reliability is concerned, the
|l ow-k material near die coners has a tendency to crack/del am nati on,
especially -2 in the sawing process to separate the die from one anot her.

The cracks ;i : [ j ' rallel. to th fer surface.
[00071 In dgﬁlgrg% lﬂgé Ee gtgrsgboaga%%gfsétﬂg&gmgg?ﬁ%dﬁ Vcr%cﬁ%ggcyva@foc?qq@ %hul ti -l ayer
structure tdﬁ‘?é' are \i\n#%tnout a (lz_llje circuit pattern and have a wi dth of about
80 to 120 tion paralls! ifhe Walerrtagh nensi ons of the die manufactured on the
waf er. Furthernore, when at | east one layer of the nulti-layer structure

i s conpose a ' el swith a-hi.gh thermqal expansion cqefficient,
e dt henitoonz) ®, e hefcie 1t e Bk B et F 8l on gt are

hi gh- 1 evel i,thern | ,stress into the wafer in the area of the scribe |ine.
Consequent |WHHOR G a1 circult pattern-aad haved, wigthof abput $(to0d20 pmedependingoutlieer danage,
such as peeling, delam nation, or dielectric fracture. The types of scribe.
li ne damagelimensiohofeitt ddmmmfatued withd wafeo Paglieracre) iR at Rt 636 liyer bANEST
structure includes an inter- netal-dielectric layer of low di€lectric

constant (luaier drii€ is chipoh of & okaFiitbrid Bt b Y elfil SUDIGH ALBGERE

causes-serious peeling starting from near t Key's

Thi s resul tg, i | ami.nation.at the interface petween the rmultiple |ayers
at the die tgeoélﬁgélgqn ﬂ@?@ﬁpﬁgﬁe ol 'E‘El%“tf%gm?‘@f“? lgg‘i-&‘"ﬂgﬂt@ﬁlﬂﬁ%s wiathee and
contributes to,production of stringers glr esidual materials) that interfere
with furt hetalssintbe aes aighe seribie lives Goggqusmtlyrpertions efghewafer apdund thescribeding s not
uncommon for stresses to crack a passivation-film

suffer damage, such as peeling, delamination, or dielectric fracture. The types of scribe line

damage mentioned above are usually observed when the multi-layer structure includes an inter-

metal-dielectric layer of low dielectric constant (low-k).

[0008]  The stress fesulﬁng from the sawing process cauées serions peeling starting from
near the_ test keys at the die comers. This results m delamination at the interface between the
multiple layers at the die corners. Delamination lmpacts the reliability of the device, and
contributes to production of stringers (residual materials) that interfere with further processing.
| and testing of the integrated circuit. It is not uncommon for s&esses to cr;cic'a ﬁé’sﬁvéﬁon.ﬁ]m
formed over the die comers during the sealing process of a resin n;ode packagc.' If alow-k

material is used near the guard ring corners, the crack issue becomes more serious and further

reduces reliability.



formed over the die corners during the sealing process of a resin node
package. If a lowk’ material is used near the guard ring coners, the crack
i ssue becones nore serious and further ~reduces reliability. SUMWARY OF THE
| NVENTI ON [ 0009] These and ot her problens are generally solved or
circunvented, and technical advantages are generally achieved, by
preferred enbodi nents of the present invention, in which a crack prevention
ring conprising-a.conductive material is formed near the edge of the

i nt egrat ed my@mm'mme scribe line. The crack prevention ring
preferably extends deep wthin the integrated circuit.device vertically

with -espect to the workpiece at least into a netallization |ayer of the

i nt egr at ed [8009) Ui tThestad 6therqifolkrayae béneRlly sohikd BRYirEAVRIISHd tdgmGpnduct i ve
material that test pads for the sem conductor device conprise, and the

k ' ' ¥ ' .t h 1 h onduct i terial
or -y o i Bl R byt B i GE R R hyeorop et

‘accordance with a preferred enbodi ment of the present invention, a nethod
of  manuf a@CRFk PEVeRtIULRRE COmpERg? capdyative matsdal isformedmearithsiedge of theor kpi ece and
formng a plurality of° integrated circuits-over the-workpiece. Each

i nt egr at ed intégrated dirciindib poenate thesaribelihd. r'lmeafacltdﬂrreveﬁﬁdn&{d prefeaddfesxichier eof ,
and a plurality of netallization |layers formed over and being electrically
coupl ed t o dedpawithi ROmppRELd Cirbuittebice VetBcally Wik hdshebt (0 the Wiiideh 2Pt yers -
include a first metall1zation | ayer and&atlﬁ#égésﬁﬁone s@é%#fé%?@ﬁqazat I'on
| ayer disp . h.tbh ISt t-al.l izatiqn | ayer,.,and each, netal |ization
| ayer is fﬁ%ﬂoﬁlgﬁr&ﬁ@wéﬁﬁaﬁﬁ}%ﬁe I?‘F%‘F’ﬁ%%ﬂﬂﬂﬂ@bfﬁ%@ﬁ? fning a
trench around at |east. one of the integrated circui.ts wthin and proximate.
t he conductive material that test pads for the senuconductqr device comprise, and the crack

prevention ring may either be lined with the conductive nigterial or.may be completely filled
with the conducﬁvc matznal | | | C
[0010]  In accordance with a preferred embodiment of the preseat invention, a method of
manufactﬁri@ a semiconductor device includes providiﬂg_ a workpiece and forming a plurality of
integrated circuits over the workpiece. Each integrated circuit includes  scribe line at the
exterior edges thereof, and a plurality of metallization layers formed over and being electrically
coupled to the integrated circuit. The plurality of metallization layers inﬁlude a first
-mstallizétion layer and at least one second .metallization layer disposed over the first
mﬁtallization layer, and each mefaliization layer is fo’rméd inan iﬁsulating layer. The method

' inclﬁdes forming a trench around at least one of the integrated bircuits within and proximate ﬁxe
scribe line, wherein the trench extends at least into the at least one second metaltization layer. A
conductive material is formed over at least the trench around the. at least one integrated éircuit,
wherein the conductive maferia[ within the trench forms a crack ﬁrevenﬁon rihg. The plurality of

| intégrated circuits ére then separafed ét the scribe lines, wherein the crack pre\}ention rng

prevents cracking of the insulating layers while separating the plurality of integrated circuits.
4-



scribe tine, wherein the trench extends at |east into the at least one
second netal lization |ayer. /A conductive material is formed over at | east
the trench around the at | east one integrated circuit, wherein the
conductive material wthin the trench fornms a crack preventron ring. The -
plurality of integrated circuits. are then separated at the scribe Iines,
wherein the crack prevention rrng prevents cracking of the insulating

e Yor aan VG P 3Rk BB OR b bR S B ppsestbbatomoont Lon. o |

sem conductor device includes at |east a portion of a workpiece, and an
i nt egr at eceRicprdystor deyica jngles ableast a pertiomof dporkpiece, dfiflen intuprgd ekt Ccircuit -

includes a plurality of netallization |ayers di sposed over and being

el ect ri caldisposed uyer & viodkpidee. T ingEate® Sirchitiscllides a ﬂﬁﬂf@hf%&ﬁﬂ%&‘r rflfa ers

netal lization |ayers |ncI ude a first rretalllzatlo yer ‘an 2hst one

second- met(@ﬁb the r.st. netalli zat on- | ayer,, -
wherein ea gnéta&e eeiec cag’oéﬁ@“ﬁéw n@tﬁ Iayer A crack
prevention rin d| S| awf round an exterior edge of the integrated
circuit, ﬁ-‘r’%‘g Y%ﬁﬂt’gﬂkasfomndmtaﬁmtmrlmr and

ext endi ng |nto at | east the at one second nmetallization |ayer. [00121 An

advant age disposed-ve theefinst snetatlization lﬂeﬂm:ddadﬁﬂétalmubﬂlﬁ&dﬁﬁﬁnﬂéﬂﬁwndi ng-a
met hod of forming a crack prevention ring at the edges of an integrated

L or a1 OF T R o e 1 iy SRposE B8 Kkl les oF e B ¢ o
i ch ﬁggl°“9‘hﬁfh§§g§%§¢%§eﬁh%‘§tﬂe%t%%h§'?#%qrﬂ“ﬁﬁg%mi?ﬂdaer alipmat bge

material of the crack prevention ring is. fornmed perpendr cular to the
crack - di ré&?'teéﬁ?%rvstaﬂw &YF'ian thereby provi di ng'structural support

~ [oo12]. An advantage of embodlments of the prcsent invention mcludcs prov.ldmg a method '
of formmg acrack prevention ring at the edges of an mtcgrated circuit die that pnevents crackmg |
" 7 and delammatmg of the dielectric material of the mtegrated circuit durmg the separatmg of the
' | die i info individual die. The crack preventlon ring compnses a conducuve matenal which’ has a
high mechanicaI strength and is robust. 'i"he conductive material of the crack prevention riné is.
| formed perpendicular to the crack direction!wafcf direction, thereby‘providtng structural Support '
for the édgcs of the integrated cireuit die during the singulatioxt process. The cract(.pterenﬁon
ring may be formed while test pads of the intcgreted circutt’ are being formed, for ertamplc,_ in ther -
scribe line region. Device yields are impro*red, resulting in a cost savings: |
[0013]  The foregoing has outlined rather broadly the featums and technical advantages of
embodlmcnts of the present invention in order that thc detailed descnptnon of the i mventton that
follows may be better understood. Additional features and advantages of embodiments of the
invention wil! be described hereinafter, which form the subject of the claims of the invention. It

should be appreciated by those skilled in the art that the conception and specific embodiments
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for the edges of the integrated circuit die during the singulation process.
The crack prevention ring maybe formed while test pads of the integrated
circuit are being forned, for exanple, in the scribe |line region. Device
yields are inproved, resulting in a cost savings. [0013] The foregoing has
outlined rather broadly the features and technical advantages of g
enbodi nents of the present invention in order that the detail ed description

of the inveaRiléesed malbé readily!ukitiydd agaYadiefobmbdifingwn desighing@ther shiictues onal

features and advant ages of enbodi nents of the invention will be described

her ei nafter | . ] Is t L I t
shoul d be Brgﬁ%%?%tcé@ﬁ%&{eﬁg?g& % Eﬁ)?sg%cfitdri]ﬁr%g é@nﬁ%ég&?ﬂ%@%%éer%@?%dn and
speci fic enbodi ments, -5 discl osed be readily utilized a, pasj s for
modi fyi ng &Y thawesskiled inghearkiant syel squivaleptconsinglions %Qe%?m@iﬁerwﬁan ut the
sanme purposes of the present invention. It should also be realized by
t hose ski | kege ofth¢ ineention ast seefiorts ircthe appeded claimts. constructi ons do not depart
fromthe spirit and scope of the invention as set forth in the appended
clains. -6 BRI EF DESCRI PTI ON OF THE DRAW NGS [0014] For a nore conplete
under standi ng of the present invention, and the advantages thereof,
reference is now made to the follow ng descriptions taken in conjunction
with the acconpanying drawi ngs, in which: [0015] Figures | through 5 and
6a show cross-sectional views of a sem conductor device at various stages
of manufacturing in accordance with an enbodi nent of the present invention,
wherein a crack prevention ring is formed proximate the scribe |ines of an
integrated circuit; ' _ :



[ 0016] Fi gure 6b shows anot her enbodi nent of the invention, wherein the
crack prevention ring trench is conpletely filled wwth a conductive
material; [0017] Figure 7 shows a top view of the senm conductor device
shown in Figures 1 through 6 prior to the singulation process; and [0018]
Figure 8 shows a cross-sectional view of another enbodi mrent of the present

i nvention, wherein the crack prevention ring is partially filled with a
conductive material and also includes an air pocket, an optional seal ring

is shown, afﬁngAW eR ﬂ”[ltl 'ﬁ@;ﬁgﬁ idcuit conprises nultiple
metal lizati'on an SV| a g@e(?s ornmed t é‘{ei n. [0019] Correspondi ng nuneral s
and synbols in the different figures generally refer to corresponding

parts unl eqg0xy her Péra8ndré\ebinfieshdertianding eRihesresehitdnvbheod) atdihedoanthes
illustrate the relevant aspects of the preferred enbodi nents and are not

EvecD) NeNT S 3Biee e bl e b ibihieh o e e,

embodi ments are discussed in detail below It should be appreciated,
however, t ASEOMMMBYIRG FIRIRES, iWHAi on provi des many applicable inventive
concepts that can be enbodied in a wide variety of specific contexts. The

specific i mep: i LY cahd: . | f i1l ys to
make and udlOfe | FpREt | BiCUE e RE b seb o OB SRR, deb e MY
[0021] The present invention w Il be descgribed w.th respect to preferred
embodi ment svariAustagesnd appfactarigin aqcordancr i ap e bodimem ot b6 BresabiFy o ay | ng

| ow dielectric constant naterials as insulating |ayers. Enbodi nents of the
i nventi on rulyereih s cradkepreyeplionaihg idformederoximate dielsenbedined of an cthikgrated cdfewit; ces
conprising nore traditional dielectric materials and ultra-low dielectric

[0016]  Figure 6b shows another embodiment of the invention, wherein the crack prevention

ring trench is completely filled with a conductive material;

{0017} Figure 7 shows a top view of the semiconductor device shown in Figures 1 through 6

prior to the singulation process; and

[0018] Figure 8 shows a cross-sectional view of another embodiment of the present
invention, wherein the crack prevention ring is partially filled with a conductive material and
also includes an air pocket, an optional seal ring is shown, and wherein the integrated circuit

comprises multiple metallization and via layers formed therein.

[0019]  Corresponding numerals and symbols in the different figures generally refer to
corresponding parts unless otherwise indicated. The figures are drawn to clearly illustrate the

relevant aspects of the preferred embodiments and are not necessarily drawn to scale.



constant materials, as exanples. [0022] Figures 1 through 5 and 6a show
cross-sectional views of a sem conductor device at various stages of

manuf acturing i n accordance with an enbodi nent of the present invention.
Referring first to Figure 1, a workpiece 102 is provided. The workpi ece 102
includes a plurality of integrated circuit regions 104. Only one integrated
circuit region 104 is shown in the drawi ngs herein; however, there nay be
hundreds or thousands of integrated circuit regions 104 on a single

wor kpi ece BPTRAD mmﬁ?ﬁm pq manuf act ured, the
l?)??Alll'?tbtelg‘:ﬁrsaét ed cli I’CEI t regions vméﬁﬁaggs

plurality o separ ated or
singul ated at a scribe line region 108 surroundi-ng each integrated circuit

regi on 104{00M)e WIh&kpaldfeand Agingofithe geien préferrePémisudihentsid dischisedinidegil on 105
proxi mate the scribe line region 108 and proxi mate each edge of the

i nt egr at ed b 116 Hohdwe 9 Rikiahd - . : jth an
enbodi rrentbe(l) 't]}ﬁgﬂo{ﬁlfi é’ggﬁé | nvé%?v?%ﬁl,?ﬁl%?gg%n{p@gég%q érgﬁa%ﬁ%ggﬁggﬁbgn 106 is
defined in, the workpi ece 102 proxi pate the exterioy. edge of the jntegrated -
circuit r@&?ﬂé‘ﬁﬂ%ﬁﬁpméﬁ}‘a@b‘?ﬁeﬂbﬁ@eg%ﬁ“ﬂéeYﬁg é@ﬁ@ﬁcqrgvasm- abe sRsAliE y, the
scribe line region 108 may include the crack prevention ring region 106,

i n one enbemnbiodiments disousaedoardmerekyritbastrativerof specifie wapsto imake dridruse the ipventiod,08 may

al so include an optional seal ring region 105, to. be described further

herein. [ Of%b nd{18nif BT sEPOHES Pieride.| ce 100 may include a plurality of
i nsul ating, conductive, and sem conductive |layers 110 forned over the

wor kpi ece 102. In one-enbodi nent, in the crack prevention ring region 106
and scri bef02e r 8¢ presehtifyentiorewiktwislescribedayitir respeCido prefeerbd emiodaments in a

specific context, namely a semiconductor device having low dielectric constant materials as
insulating layers. Embodiments of the invention may also be applied, however, to other
semiconductor devices comprising more traditional dielectric materials and ultra-low dielectric

constant materials, as examples.

[0022] Figur;:s 1 thfough 5 and 6a shoﬁv cross-sectional views of a semiconductor device at
various stages of manufacturing in accordance with an embodiment of the present invention.
Referring first to Figure. 1, a workpiece 102 is provided. The workpiece 102 includes a plurality
of in_tcgratéd circuit regions 104. Only one integrated circuit region 104 is showa in the
drawings herein; however, there may be hundreds or thousands of integrated circuit regions 104
on a single workpiece 102. After the semiconductor device 100 is manufactured, the plutalit_y of
integrated circuft regions 104 will be separated or singulated at a scribe line region 108
surrounding each integrated circuit region 104. The workpiece 102 may inciude an optional seal
ring region 105 proximate the scribe line regiog 108 and proximate each edge of the integrated -

circuit region 104, as shown.



conductive layers, to be described further herein. The work-piece 102 nay
include portions of integrated circuits 112 formed wi thin the workpi ece
102. For exanple, active areas 112 may be forned within a top surface of
t he wor kpi ece 102, wherein the active areas 112 conprise transistors and
ot her el ectrical conponents of an integrated circuit. The various

I nsul ating Iayers conductive | ayers, and senfconductive layers 110 al so

[ t II t.r h | at ,
(ST T ogft9Bst: s Wkl Wb RE R HmerEbf kbibssphuibafon RERE BEVRBHEED! e
wor kpi ece 102 as shown. [00251 Preferably, the top surface 121 of a
portion ofegiond Mrde@redrtebe wpikpigea 102 pamimata the exterinrpdgedt thedntegsierd circhiv e

material. For exanple, the top surface 121 may conprise a conductive I|ine

formed i nregiond04;adjaceat hestribelisy regicio 1082 Optipwudly, theseribelideqegi®l08 ey t he
conductive top surface 121 in subsequent process steps. AI S0, In

orol [0 el fhe ayers or c(gﬁ%ct ort 126, 1065 Efiodi ormeéil bl e/ MO

metal li zat1 on ve |ayers are I'n t e crack

preventi on .rr 10 0026 i rst insul [ S

Gleposi t eq s i S e ncaie 2 bicholspe e o 105, 195 desrbed ffer

I nsul ati ng I ayer 118 preferably conprises a dielectric nmaterial such as
¢

silicon 1eiai de, and may alternatively conprise a nitride, or other types
of passivation material and dielectric materials, as exarrpl es. The first

| oss, “1or R er#%r@%flfc&%%%ﬁﬁ%éfmér%%r SMaitedalc

herein as a passivating |ayer. [0027] Next, in accordance w th enbodi nents

of the pr éemiandhotive hayére gw fotmedfovershe wmkprb@tlﬂﬁgln one-embodiment, in the crack ' '
prevention ring reg_idn 106 and ;cnbe line region 108, preferably, layer 110a is absent any
conductive layers, to be described fusther herein. The workpiece 102 may include portions ef ‘
mtegrated circuits 112 formed within the workpiece 102, For example, active areas 112 may be
formed within a top surface of the worfcpiece 102, wherein the active areas 112 comprise
transistors and other electrical components of an integrated circuit. The varioes insulating
layers, conductive layers, and semiconductive layers 110 also comprise a portion of an integrated -

circuit. A shallow trench isolation (STI) region 114, shown in phantom, may be formed within

’ bprtions of the workpiece 102, as shown.

[0025]  Preferably, the top surface 121 of a pottion of the integrated circuit region 104
cempn'ses a conductive material. For example, the top sarface 121 may comprise a conductive
line formed in a metallization layer. Contact pads may be formed over the conductive top
surface 121 in subsequent process steps. Also, in aocordancc with an embodiment of the present
invention, preferably, no metallization layers or conductive layers are formed in the crack

prevention ring region 106.



| ayer 118 is patterned to forman aperture, 120 for an optional seal ring
in the seal ring region 104 and a crack prevention ring trench 115 in the
crack prevention ring region 106. The apertures 120 and trench 115 are
preferably simultaneously forned in one enbodi nent. - Advant ageously, the
sane |ithography step may be used to formthe aperture 120 for the seal
ring and the crack prevention ring trench 115. Alternatively, the crack
prevent i §#026] ng A finnintulainhg layecl iBliedepesited oventhe wopkpiece 162, axsbowmip Higares or ned i n
separate |ithography steps, for exanple. [0028] The etch process is adapted
to stop gg fmerﬁxgﬁﬁéiﬂdﬂﬂﬁa & 198 B@f&ﬁﬂl%&dﬁﬁes%ﬂiél@ﬁﬁ: rhddrial $hch Addlicegal ring

region 1 apert 120"tor the seal ring is thus preferably forned

o e e R ATEG,

region 106, in the crack prevention ring region 106, the etch process

. . . g .
cont i nuedlieldstriswagtecialscasiexanaples. The izt insyatingayer HBgreieraly somprirsa thigkngssat | east
a portion of the plurality of insulating and sem conductive |ayers 110a,

to a deptdfabone gRlofRss for idele. THRHirst irkdlating layer 11816 also meredmipieinsas aThe cr ack
prevention ring trench 115 preferably conprises a depth of about 1 to 8 pm

and a w 'QI' t 0.3 to 10 m for exanple. The crack prevention ring
trench 1iégbre @rgﬁg’ly extends at |east through the entire thickness of the

top-nost netallization -10 |layer of the integrated circuit (not shown in

Figure 2;10627¢ Fi NedtSn 8dcordii® withagtbodiireute of thopresentigventior, thefirst infsulptingf er abl y
has an aspect ratio of about 3:1 or greater. [0029] In accordance with

preferre ' ' bo kg tiof4l seal Rfe MfttRGkKal fRE RYERAUOPN ring
trench 1%@@@%@@%@%@%&6@%&9& tﬁ‘gaé r?t ea? a?g% Cl rcuin?ér'g%i on 110 and
i nt t f f. the kpj 102, e.g... at 116 hown, | '
gﬂbgd?m%’nﬁ{é{?@? gq%y(%goa II:IJEg h‘vgg:h Hﬁﬁ%}e crack pr%v&hbn ﬁng re,glor‘?1 1068 s[hﬂsap%‘r’[l{}res n one

120 and trench 115 are preferably simulianeously formed in one embodiment. Advantageously,

the same lithography step may be used to form the aperture 120 for the seal ring and the crack

prevention ring trench 115. Altemétively, the crack prevention ring trench 115 and the seal ring

" aperture 120 may be formed in separate lithography stéps, for_ example.

[0028] The etch process is adapted to stop upon reaching the conductive top surface 121 in
the séai ring region 105. The ai:erture 120 for the seal ring is thus preferably formed only in the
thickness of the first insulating iayer 118. However, bccausc there are no conductiﬁe layers in
layer 110a of the crack érevention ring region 106, in the crack prevention ring region 106, the
etch process continues through the first insulating layer 118, and further into at leést a portion of
the plurality of insulating and semiconductive layers 110a, fo a depth indicated at 116a, 116b,
116c, or 116d, as examples. The crack prevention ring trench 115 preferably comprises a depth
;3f about 1 to 8 pm and a width of about 0.3 to 10 um, for example. The crack prevention ring

trench 115 preferably extends at Jeast through the entire thickness of the top-most metallization
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prevention ring trench 115 extends within and into the entire thickness or
a portion of a thickness of an STl region 114. Alternatively, the crack
prevention ring trench 115 nmay extend within the plurality of insulating
and sem conductive layers |10a by a variety of distances into correspondi ng
| ayers of the integrated circuit region 110, e.g., as shown at 116b, 116c,
and | 16d in phantom Preferably, in accordance with enbodi nents of the

present in LFORL, 3 > ' Il - ' { thin the
i nt egr at ed\lﬁ\yie%é:f(g?btmréglie%ﬁ&%%%&lglﬁl@qgﬁg{eﬁﬁ% ? %’ I’E‘%"ﬁ%%@éw&ﬂ%& BBone

metal | i zation,l.ayer .in.integrated cirguit,. region 110 in the integrated
circuit re&CBWQ%R‘fef MW9¥&@“%i Brgreaer124 i s deposited over the
patterned first insulating |ayer 118, as shown in Figure 3. In one

enbodi nent o ' t el L | L trench 115 and
does not cc!orr‘%PEt eﬁ;ﬂ/‘i{;&fbﬂa&ﬁ%ﬂ 2%’5”@9 ie#ééqlbgﬂgﬁft%ﬁ@@ﬁﬁ%ephﬁgp\%ﬁ% I n

anot her enbodi nent,, th nducgtive material 124 conpletely fills the seal
ring trencHrresionzgg F‘Hﬁslﬁi@“ camplatelpthropgh gheiinge iguitisaion 4 10 apd into
substantially planar surface 126 over the seal ring trench 115, as shown

i n phant oma(tepsurfadessf theiwpekpiecs b2, e Ehat 1465 dushown.clnomt embadimén?, 4henamackf or m a
recess 128 over the aperture 120 for the optional seal ring, as shown.

Pref erabl y préveftiofi @ing itérich 1 €5 &fdnas within dxFintodR ik IRiSkrde QRN § Dortidd SFH thitkhess
silver, tungsten, nmetal nitride, nmetal alloy, copper allody, alum num

all oy, co | - of . Lnaty ons, f:hereof . .as.exanpl . al hough'
alternati CBJ? §d §’g]§?%§heﬁ%%t?[§{aqv§%§ c'%'t'éﬂ ﬁ%@&h?noﬁqﬁgc@ﬁmgg?ﬁm%&Fal
124. The condyctiyve terial 124 is -11 preferably de(;l)iosi ted in a thickness
of about 2 sulagag and;sgrpicanductiedayers| i 84 by-a vagiety pf distances igtonduct i ve
material 124 may conprise_other dimensions.

corresponding layers of the integrated circuit region 110, e.g., as shown at 116b, 116¢, and 116d

in phantom. Preferably, in accordance with embodiments of the present invention, the crack

prevention ring trench 115 extends within the integrated circuit fegion 110a into an entire

thickness of at least one metallization layei' in integrated circuit region 110 in the integratéd

circuit region 104.

f0030] A conductive material 124 is deposited over the patterned first insulating layer 118,
as shown in Figure 3. In one embodiment, the conductive material 124 lines the seal ring trench
115 and does not completely fill the seal ring trench 115. Alternatively, in another eMenL
the conductive material 124 completely fills the seal ring trench 115, so that the conductive
material 124 comprises a substanﬁally planar surface 126 over the seal ring trench 115, as shown
in phantom (see also Figure 6b). The conductive material 124 may form a recess 128 over the

~ aperture 120 for the optional seal ring, as shown. Preférably, the conductive material 124
comprises copper, aluminum, silver, tungsten, metal nitride, metal alloy, copper alloy, aluminum
alloy, composites thereof, or combinations thereof, as examples, although alternatively, other

materials may be used for the conductive material 124. The conductive material 124 is
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[ 0031) The conductive material 124 is patterned and etched to form
(optionally) a seal ring 130 in the integrated circuit region 104, and to
formthe novel crack prevention ring 132 or 134 around each integrated
circuit region 104 in accordance with enbodi nents of the present invention,
as shown in Figure 4. Test pads 156 nmay al so be formed in the scribe |line
region 108 (not shown in Figure 4; see Figure 7). The test pads 156 nay be
used to perhefefb |d€§dsftédq3htﬂi.“'$.'{-,.;o? pﬁ]ﬂb dcircuit..in the

i nt egrat ed P?:i rcul?t regi on 104 at vgb?ofuous @%”2"3@%&@?@?@& Yalys theng
process. Fo le, .i he testing using test pads 156 results in a |arge
nunber of ev?aég@lgﬁmﬂlég%mﬁ'@%w& R dEensionse scrapped early in the

manuf acturi ng process, resulting in avoiding continue to manufacture a

LorKPLece O OX & paBL 1o SBL AR 38Rl 1 o A

134 (and al .0ptional test, pads 6) . are patterned sinultaneously, using
the same | ﬁ%@? Hﬁ?%?‘?%fﬁmaﬁambéﬂ“ﬁéﬂ%ﬁoﬁ%&wvemkmm fugl3taiddd al 124
may be patterned using traditional |ithography techniques, for exanple. A

phot or esi stampRg exsh infegrated cissuit csgéon 104 in awoordance Mt&lﬁﬁﬁﬁﬁénﬁ;bfﬁﬁ?yreﬁéﬁ?t shown) ,
and the photoresist may be patterned and exposed, and then the photoresist

oy be_useduwaiiay wshbvi b Bl 8 ek Bl 1SSy ATV GRRANERL KELTRLSLEL k20

Alternatively, the conductive material 124 ma . for
exanpl e. [ QR&3k | [ﬁgim&t' after the patterning of the
conduct i vqumat er a: i%g ’fs‘lﬁ(rahg‘{g?;)g ?C&P(gﬁi 138 muay; ﬁ@segé‘? m electyigedtestonpr i se
a conpl et el i ] edﬁhr.ench, as shown in phantom at 134, or alternatively,
the crack epraid Piowy) ia te ntegrated pissuit egion 104 atevarious stagds ofithwi ng a void  or
air pocket 142 (not.shown in Figure 4; see Figure 5) therein. -12

manufacturing process. For example, if the testing using test pads 156 results in a large number

of device failures, the workpiece may be scrapped early in the manufacturing process, resulting

in avoiding continue to manufacture a workpiece that exhibits electrical problems.

[6032] Referring again to Figure 4, pfefera;biy the seal ring 130 and crack prevention ting
132 or 134 iand also optional test pads 156) are patterned 'simultaneously, using the same
lithography mask and patteming step. The conductive material 124 may be patterned using
traditional lithography techniques, for example. A photoresist may be deposited over the
conductive material 124 (not shoiwn), and th;a photoresist may be patterned and exposed, and
then the phoforesist may be nsed as a mask to pattern the underlying conductive material 124,

Alternatively, the conductive material 124 may be directly patterned, for example.

[0033] Note that in one embodiment, after the patterning of the conductive material 124, the
crack prevention ring 132 or 134 may comprise a completely filled trench, as shown in phantom
at 134, or alternatively, the crack prevention ring 132 may comprise a lined trench having a void

or air pocket 142 (not shown in Figure 4; see Figure 5) therein.
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[0034] . Next, a second insulating |layer 136 is deposited over the first
insulating |ayer 118, seal ring 130, and crack prevention ring 132 or 134,
as shown in Figure 5. The second insulating layer 136 may conprise simlar
material s as described for the first insulating |ayer: 118, for exanple.
The second insulating |ayer 136 preferably conprises a thickness of about 2
pun or "~ less, for exanple. If the crack prevention ring 132 lines the

the orack dVBnt | S hpa iPelte aber 1% s heBlety bk inoi e ] . 156 n

the crack prevention ring region 106, as shown. [0035] The second

i nsul ati ng ¥alyiag 138 end gagknreventinadingd pher 134 a shpvendh Figurs 5 Thasesonddpsalating e
138 over the seal ring 130 and to forman aperture 140 over a scribe line

i n the scrilagerli36way copiptise sichil mafsdidkag egeibed fo thealeilidsulageg 13ye8 1 B8)€br 140 nmay
be patterned in a single lithography step. The second insulating |ayer 136

preferably xﬁﬁ@ n : ' ' e : InQ 6, as
shown. [00366 Ie'e wor kpl g@&%l% 1?%@%&1&%@?@%&?%‘:& éss:gﬁfg%ﬁ%tzﬂ%h&gr ocess
“in order to, _separate,t i nt.egrated cirguit regions 104 from gone anot her

to form i ndie¥ @ﬁ%ﬁa”ﬁp“ﬁ g&hﬁf@ﬂ( YeoRPR TiRg @Ei‘ﬁ the;tzencly Ffﬁhqﬂifglﬂ}_gét: B8t | n

particular, the plurality of integrated circuit regions 104 of the

wor kpi ece 18uuirpogket 4248 formetl within the crack ploventiomeng: 18 ibemeathtitsetond imsldating a éut

or saw fine 144 along the scribe |line regions 108 to formindividual die
148, as sholayer 138 thd déicR Iptevintioh ring fepn a06 s StiowaUi t regi ons . 104 may be
separated utilizing dianond sawi ng, |laser cutting, liquid jet scribing,

water jet cutting, or conbi nations thereof, as exanples. The separating of -
the plurali0§38f | Thespeenddnsulatiing layer(l36 is gattened 16ing lithggraphydo foah avajeyureonpr i se
other methods. The individual die 148 nay then be packaged, w th contact
pads (not sIBBuver th\@alaiig {136 hndd &im A IpEHRrS14DVWLRSErIRMRE irl thEscrBE i 16i5i6h

108. Advantageously, apertures 138 and 140 may be patterned in a single lithography step. The

second insutating layer 136 preferably remains unpatterned and intact in the seal ring region 106,

as shown.

[0036]  The workpiece 102 1s then subjected to a singuiation process in order {o separate the
integrated circuit regions 104 from one another to form indi_vidual integrated circuit die 148, as
shown in Figure 6a. In particular, the plurality of integrated ciréuit regions 104 .of the workpiece
102 are séi)a;ated at the scxibé line regions 108 by making a cut or saw line 144 along the scribe
line regions 108 to form individual die 148, as shown. The plurality of integrﬁted circuit regions
104 may be separated utiliziﬁg diamond sawing, laser cutting, liquid jet scribing, water jét

cutting, or combinaﬁons thereof, as examples. The separating of the plurality of integrated

circuit regions 104 may alltcmativelly comprise other ﬁlethods. The individual die 148 may then

‘be packaged, with contact pads (not shown; the contact pads reside elsewhere over the workpier;e
102) being bonded to leads of the package so that electrical connection can be made to the die

148.
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102) being bonded to | eads of the package so that electrical connection can
be made to the die 148. -13 [0037] Figure 6b shows another enbodi nent of
the present invention, wherein the crack prevention ring 134 is conpletely
filled wwth the conductive material 124 (see Figure 3). [0038] In one
enbodi ment, the crack prevention ring-132 or 134 is |located very close to
the scribe line 144.. The crack prevention ring 132 or 134 may be | ocated

wi thin the[(087) be FguReth she@s idthDémbddithene SBRPpBsent iﬂvchﬁﬁtéwﬁémﬁq{c@a@fc’ the

crack prevention ring 132 or 134 is renoved ‘during the saw ng process to

si ngul at e L. . 3 ri 130 | so he renmoved
during theb%g%ﬁhgn#g%ég.%%%%ﬁngq ﬁ@ﬁgﬁ/ﬁ "59? egﬁ%’%ﬁel% g‘%@@i’rﬁéht the crack
prevention ring 132 or 134 preferably renmains after the singulation

process. | | S GRBRtMBdHment, iHaRrdek g&’&dﬁb@ﬁﬁ‘%ﬁzw 134 i8 ety %%s%ngo By be

el ectrical rounded to reduce noi se and/or Pprotect agal nst ge from

y g
el ectro-staticq.di sgh e (ESD)..as.e | e5,. 039 lgure 7 shows a top
vi ew of thg&@g#Fecgﬁdﬁ‘@?gFé@é%‘?eE@W%%ﬁﬁ%%%8’83“%"&”&@531?5@%‘33’{'? or to the
singul ation process. Shown in Figure 7 is a view.of four integrated circuit
regi ons 184i08t108,{er example.nlythis embediment Ahe eragk preventivaning d3hort134 i remqvedi ew,
the scribe line region 108 extends along the side edges of the integrated

circuit redininpshelawingpocadsongingulae the dleqnot alikvn). OPheddd ging 930 miyksoivet egr at ed
circuit regions 104. The crack prevention ring 1321134 described herein in

accor dance i | rgg‘p%., Rty | ' | r oxi mat e
the scri be%ﬁ?%ﬁ?ﬁ 1 gpfggzesttsﬁgsog??ihr%?g)r. II@ ge CEWDE%&Q?edXLi rcuit
regi ons 104, as. sho I arficular,. the crack revention ring 1321134 is
fo?rred conPPHﬁ’iiﬂgf'%mgz@ﬁ&fW@%ﬂB&& rﬁ’@i"ﬂ? ‘rhfﬁ eé‘f‘g‘llﬂ&“il’m"%r ithigie of,

the crack prevention ring 132 or 134 my be electrically.grounded to reduce noise and/or protect

against damage from electro-static discharge (ESD), as examples.

[0039]  Figure 7 sho@s a top view of the semiconductor device shown in Figumé 1 through 6
“prior to the singﬁlation process. Shown in Flgure 7is a view of four integrated circuit regions
104 at ;hcir comer regions. As can be seen from this top view, the scribe line region 108 extends
along the side édgcs of the integrated circuit regions 104 and along the bottom and top edges of
the integrated circuit regions 104. The crack prevention ring 132/134 described herein in
accordance with embodiments of the present invention is formed proxunate the scribe line region
108 at the exterior edge of the integrated circuit regions 104, as shown. In pasticular, the crack
prevention ring 132/134 is formed continuously along the perimeter 146 of the integrated Vcircuit
regions 104. The optional seal rings 130 are shown disposed between the crack prevention rings
132/134 and the integrated circuit regions 104. Note tﬁat the comers 152 of the integrated circuit
regions 104 @y be angled rather than at a 90 degree angle, as shown. Optional test pads 156

that may be formed of the conductive material 124 and that may be disposed within the scribe
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regi ons 104. The optional seal rings 130 are shown di sposed between the
crack prevention rings 1321134 and the integrated circuit regions 104.
Note that the coners 152 of the integrated circuit regions 104 nay be
angl ed rather than at a 90 degree angle, as shown. Optional test pads 156
that may be forned of the conductive material 124 and that may be di sposed
within the scribe -14 line region 108 are also shown in Figure 7. The
optional t b Bk b&¥d U5&drk AoRERERS the[ 0040]
Figure 8 s O\t,r\gg‘?cgl.qgg%@s@é@v{ngﬁgﬁﬁ%igwgpﬁfggmy enbodi ment of t%e pr esent
I nvention, .wherein the integrated circuit regions 204 conprise multiple

| evel s of HEURPPIPIEESHn ML-9 and vias V1-8 formed therebetween. Simlar
ref erence nunbers are designated for the various elenents as were used in

Figures 1 gk uoN pifure BAnGUA! ok SREDAA VRG-of s EGPGHAGE Br hepiadeqr  Shown i

the diagramis- no ed agarn 1n detail herein. Rather, simlar
nunbers x02/x041x06, etc., are. prefera used foy. e erial |ayers
shown as wWEWVRIUGRIETEY m@grate&pgﬁytégglgns 8‘&5@3{‘%@(&3@%“@&“‘.“@@8& es 1
through 7 and x=2 in Figure 8. As an exanple, the preferred and

al t er nat i vM1rnd viaaV4-8l formted therebetwetre Stiatueference npabers arg designated for thene
description for Figures 1 through 6 are preferably also used for the

conduct i Ve yifhedlimdnts?s deleuséd if FigareS 1 tirGiphl] Toaveid edpetitionfeationeferends0 may be
di sposed between each insulating |ayer, as shown. The scribe line region

208 may optianal.l v i.ngl Lagk B, d'efég | | hildOfimbes May
i ncl ude bof %h%Pé%ﬁEﬁﬁg\?}é‘aﬁ%H&?ﬁ%ega%g?%n &%fegl% aglglls’gg]fd ring region
205, as shown in phantom The matdjr itgql’s in.the scribe. Iiglg r.eqi on 208 are
Fembved or XUHWRAKIB i AR EVICR Y DEFdor e BLER Rl SR 3 ppre ARt

| FiQureslthrough'?, where_x=1inFigufés_1through7and x=2 in Figure 8. As an example, the

preferred and alterative materials listed for the conductive matéﬁal 124 in the description for

Figures 1 through 6 are preferably also used for the conductive material 224 in Figure 8.

- [0041]  An etch stop layer 250 may be disposed between each insulating iayer, as shown.
Thie scribe line region 208 may optionally include the crack pre{rcnﬁbh ring region 206, or may
include both the crack prevention ring region 206 and a seal.ring region 205, as shown in
phantom. The materials in the scribe line region 208 are removed or sawed away when the die

are singulated, for example.

[0042]  Preferably, in the embodiment shown in Figure 8, the crack prevention ring 232 or
234-in the crack prevention ring region 206 extends down to a corresponding level in the
integrated circuit région 204 past at least the top mctaﬂizaﬁon layer M9, as shown at 216d in
Figure 8. Alternatively, the crack prevention ring 232 or 234 may extend past several
nietallization layers M4 through M9 and via levels V4 through V3, as shown at 216c.
Alternatively, the crack prevention ring 232 or 234 may extend past all of the metallization
layers M1 through M9 and via layers V1 through V8, as shown at 216b. In yet another
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[ 00421 Preferably, in the enbodi nent shown in Figure 8, the crack
prevention ring 232 or 234 in the crack prevention ring region 206 extends:
down to a corresponding level in the integrated circuit region 204 past at
| east the top netallization |ayer MB, as shown at 216d in Figure 8.
Alternatively, the crack prevention ring 232 or 234 may extend past several
netallization |ayers Md through M@ and via levels V4 through V8, as shown

at 216c.  Aftbedimedht] the bryck priventioreridg 232 er/234 tniaybe formed @3Ratarexefds entrglyext end
past all of the netallization |layers M through M@ and via |layers V1 ‘

through V8, mﬁ%ﬁggfgﬁggﬁeél éi}l&ﬁ’t rgéig% YR of RO tedMkondiciorAEAQD00RA furthd? exteddac k

prevention rin ma formed so that it extends entirely

t hrough the intearat circuit,regi pn 2 of the sem canductqr device 200
nd f or t hor o ApeRiaE of i BoTErA: it Ton dn b eabadbes, Be G petiich®, 100
I n one enbodi nent, the crack prevention . ring 232 or 234 may al sQ extend at
| east partimgI@ZDm%mabnemdat@t@ﬂmﬁlwmah@kﬁ Tlregion2 14 fasmediwithipthece 202,
as shown in phantomin Figure S. 14043] Advantages of enbodi nents of the

i nventi on i werkpietR 202,y bdwagn phaidiriaFigafe § ormi ng  a crack prevention ring .
132, 134, 232,  or 234 proximate a scribe line region 140 and 240 of an
integrated circuit 100 and 200. The crack prevention ring 132, 134, 232, or
234 may be [P843ed Advantages of ambodiments efshesipvention ingjudejpevidingl mefhodof dorming est
pads 156/256 that are used to performelectrical tests on the integrated

circuit di eadddk pritestnying s 184,28% op2PMRoNiNES a 5ribe lidc€gidd 440 and 34 ofan 234 i s
formed using the sane conductive material 124 or 224 and |ithography masks.

that are Ugedhd o lieTob B ABATHE bikordraRidile 99 1841280 BB 3hay 8 Rl

i ncl uded in a~sem con r” devi ce, no a ondl " rahdf act urrng steps or

masks are r gt%ldel sgugg tittng asrrs%glur}cn%g iéﬂﬁd&?&‘ and/or test pads 156/256 that are used to perform -

el;ch-ical fests on the integrated circuit die 148. Because the crack prevention ring 132, 134, |
232, or 234 is formed using the same conductive material 124 or 224 and lithography masks that -
are used to form the seal rings 130 and 230 that may a]rcady be included in a semicbnductox:
device, no additional manufacturing steps or masks are required to manufacture the
semiconductor devices 100 and 200 described herein. The crack prevention rings 132, 134, 232,
and 234 described herein are particularly advantageous when used in semiconductor devices 100
and 200 having low dielectric constant materiqls or ultra-low dielectric constant materials as

. insulating layers, althoﬁgh they are also gseﬁﬂ in other semiconductor device applications
| utilizing other types of insulating materials. The crack prevention rings 132, 134, 232, and 234
prevent delamination of the insulating layers of the semiconductor devices 100 and 200 during
thé separation of the individual Vdie 148.
[0044] The conductive material 124 or 224 of the crack prevention ring 132, 134,232 or
234 comprises a continuous metal film formed perpendicular to the wafer surface through one or

more layers of a semiconductor device. The crack prevention ring 132, 134,232, 0r 234 is
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seni conduct or devi ces 100 and 200 descri bed herein. The crack prevention
rings 132, 134, 232, and 234 described herein are particul arly advant ageous !
when used in sem conductor devices 100 and 200 having | ow dielectric
constant materials or ultra-low dielectric constant materials as :

i nsul ating |ayers, although they are also useful in other sem conductor
device applications wutilizing other types of insulating materials. The
crack pr evisnhedowrtichltyga a pRealitylsFnAdAl laperel] DBA, fREvRH@IdcratRs MMM OiRAVY t he
insul ating |ayers of the sem conductor devices 100 and 200 during the

separation Ladivi | . ctive material 124 or
224 of thete@{r ot &?‘5@‘&%%“?‘5@@%@#3’“‘%@}° é@%ﬁ%%‘? &?@gﬁ"’é pHQNPLOCESS.
conti nuousnetal filmfop d endi cular to the wafer surface through one
o hor e T Rluggve el [inea% Bfcermkaesventin tae A5k L4, 208 Bk (i ng 132,
134, 232, or 234 is -16 forned vertically in a plurality of material |ayers
110/ 210, prdvensageously positioned perpendicutay tathtieracki directionggrevehiing cpacknforigomal |y in a
direction parallel to the wafer surface during the singulation process.
"The conduc{oip{sﬁ material 124 or 224 of the crack prevention ring 132, 134,
232 or 23419154y Afheugh smaedimentsofithepiesgnt Jeveptiondind theisadvaptagesdiavey .
direction, preventing crack formation. [0045] Although enbodi nents of the
present i ndeseribedin detad, it $heuld be dwiertand dt aions dhasges, soistittioned blkerdidhddah, |t
shoul d be understood that various changes, substitutions and alterations

can  be_ Mabimil heicil WitbiQsarfiTRir B Spilif AHTSEI3E oF bl ot Ss AERREHe ! DO

I nvention as defined by the appended clains. For exanp - be

readi ly ung - hy askilled in.the art . 1hat .of the features,
Funct i ons, peneR0lR FbyIRaG0R 5 varRE dadl e Bloba by B Rl isdhe A s | o
remai ni ng‘vlg'tﬁehti n the scope of the (Present i nvention. Moreover, the scope of
the presen? catures, functions, processes, and materials described herein may be varied while

remaining ﬁithin the scope of the present invention. Moreover, the scope of the present

- application is not intended to be limited to the particular embodiments of the process, machine,
manufacture, cbmpositibn of matter, means, methods and steps described in the specification.
As one of ordinary skill in the art will readily appreciate from the disclosure of the present
invention, proeesses, machines, manufacture, compositions of matter, means, methods, or steps,
presently existing or later to be devélopcd, that perform substantially the same function or
achieve substantially the szimf; result as the corresponding embodimnents described herein may be
utilized according .to the present invention. Accor_dingly, the appended claims are intended to
inclede within their scope such processes, machines, manufacture., compositions of matter,

means, methods, or steps.
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application is not intended to be limted to the particul ar enbodi nents of
the process, machine, manufacture, conposition of matter, neans, nethods
and steps described in the specification. As one of ordlnary skill in the
art will readily appreciate fromthe disclosure of the present invention,
processes, machi nes, manufacturé, conpositions of matter, neans, nethods,
or steps, presently existing or later to be devel oped, that perform
substantially the same function or achieve substantially the same result
as the cornggATISCNAIMEDAS: nents descri bed herein may be wutilized
according to the present invention. Accordingly, the appended clains are
intended to include within their scope such processes, machines,

manuf actwr €. Ameathodofmanfacuofingrasemiconduotor deviceytit nethed camprisingps.  WHAT 1S
CLAIMED IS: 1 1. A nethod of manufacturing a sem conductor device, the

nmet hod conpri si gbng a workpiece; 3 formng a plurality of
integrated circ |ts ver the Wwor kpi ece, each integrated circuit 4

orura t9%or merirmme g obinRaG i o R SubiE YetReaplutiels 1y
coupl ed to the integrated circuit, the plural | ty of 6 netallization |ayers
conpri sihg @nmnmgasmb@hnw&tmemnvr@ﬂmsm and indluding aplerality pbmetallization

nmetal lization 7 |ayer disposed over the first netallization |ayer, wherein
each netsl |lagors formed ovsieand being elecrrichlly voupled tdthe imegkandd cirouit, g @luralify dfor mi ng a
trench around at Ieast one of the integrated circuits within and proxi mate

the 10 Blliz 40 1a i} Q%trnf‘c?ﬁﬁaﬁdht Pind 1ebd B scldil helallaktn | €251
one secoﬁd Ihn% tl|Bza Y on [F%ylen&g orm ngl%g conduct.ive raterial over at
| east the tlraYCl' spos g\pegth%?'?st ?nte Garon lt(i)yrére vsjhgt[enetl é’ht CLalhzatmn layer is formed in an

8 msulatmg layer

9 forming a trench around at least one of the integrated circuits within and proximate the
10 scribe line, wherein the trench extends at least into lthc at least one second metallization layer;
1M forming a conductive material over at least the trenct: around the at least one infegrated
12 circuit, wherein the condltctive material within the tretach forms a crack prevention ring; and
13 separating the plurality of intcgrated circuits at the scribe lines, wheteitt the crack

14 prevention ring prevents cracking of the insulating layers while separating the plprftlity of « )

15  integrated circuits.

1 2..The method according to Claim 1, wherein separating the plurality of integrated circuits
2 comprises diamond sawing, laser cutting, liquid jet scribing, water jet cutting, of combinations

3  thereof.

1 3. The method according to Claim 2, wherein separating the plurality of integrated circuits

2 comprises removing the crack prevention ring.



12 circuit, wherein the conductive material within the trench forns a crack
prevention ring;, and 13 separating the plurality of integrated circuits at
the scribe lines, wherein the crack 14 prevention ring prevents cracking of
the insulating | ayers while separating the plurality of 15 integrated
circuits. 1 2.. The nethod according to Caim1, wherein separating the
plurality of integrated circuits 2 conprises dianond sawing, |aser cutting,

liquid jeThefidihddiabrdingt Olaiimell filtiéricomrisiey fofRinPh Bal limitewdegeepf . 1 3. The
nmet hod according to Caim2, wherein separating the plurality of integrated

circuit rises k prevention ring. -is 4. The met hod
accor di ﬁléc%?a?aaﬂttrﬁ“g%% gﬁm%@o%ﬁgm ng formng a seal ring between each
i nt egr at ed circuit and the crack prevention ri ng 5. The nmethod accordi ng

to d ai wher ei n separ he, plurali integrate cucwts
conpris sm"éﬁﬁl&qdﬁﬁc B ?‘ » efe’GSGPPF?é‘“&g% g’@]‘é& UH ai m 4,
wherein the seal ring is fornmed-in a top passivation Iayer of t he pl urallty
of int egmaprmetremmcngthsseal?hngThe nmet hod according to Claim1, wherein formng

~the conductive nmaterial conprises depositing copper, alumnum silver,
t ungst en, metal nitride, netal alloy, copper alloy, alumnum alloy,

conposi igeghd MARROLeor@hg OUTRME Where thd RAIRRIE is forded i B BpPRisivasoriseesdi ng to

Claim1, wherein form ng the conductive maferial over the trench around the

\?vittlhe??\iheorfe i nt Egar% cfch{tscu' t corrprt ses conpletely filling the trench

7. The method according to Claim 1, wherein forming the conductive material comprises
depositing copper, aluminum, silver, tungsten, metal rﬂittide, metal alloy, copper alloy, aluminum

- alloy, composites thereof, or combinations thereof.

8. The method according to Claim 1, wherein forming the conductive material over the trench
 around the at least one integrated circuit comprises completeiy.ﬁlling the trepch with the

conductive material.

9. The methed according to Claim 1, wherein forming the conductive material over the trench
around the at least one integrated circuit comprises lining the trench with the conductive

~ material,

10. 'i‘he method according to Claim 9, wherein forming the conductive material comprises

depositing the conductive material in a thickness of about 2000 nm or less.

11. The method according to Claim 9, further comprising forming a passivation layer over the
conductive material, wherein forming the passivation layer comprises forming an air pocket in

the crack prevention ring beneath the passivation layer.

-19-



conductive material. 9. The nmethod according to Caim1, wherein formng
t he conductive material over the trench around the at |east one integrated
circuit conprises lining the trench with the conductive material. 10. The
met hod according to aim9, wherein formng the conductive materi al ,
conpri ses depositing the conductive material in a thickness of about 2000
nmor |less. 11. The nethod according to Caim9, further conprising formng
a passi vat i 1an Thewethodacesrding @ Claimn Huwdtereireforming the alenchwanané ptleastmaphge t he '
passi vation | ayer conprises forning an air pock in. th rack. prevention
ring berfeatinfegrted piEcyiss coMmPprisns fomueg .“@nfb%ft%%ﬂ&rﬁmtﬂh\ﬁ%ﬁ‘g% Bto daim
1, Wnereé' n%m’ ng the trench around at | east one of the 2 integrated
circuits’ colpl'ises formng a trench that extends at |east into the first.
metal lization layer 1 13. The nethod according to Caim 12, wherein formng
the trench g queshefbd heedingan€lairh 12 wheredn foriegtha trextharoundiatisstonepf the s
forming a trench extending through the integrated circuit to.the 3

wor kpi ecg. . he. ' | ' i ece
conpri se€ aﬁgﬁréﬁeﬁgﬁ&gtwﬁﬁég?gﬁ%ﬁﬂ St;'!ﬁg; rg%i on f gr tﬁeggﬁ%%?glien,
wherein formng the trench around at | east one of the 3 integrated circuits
conpri sed fYﬁ‘Pthiﬁ‘@‘- a trench extending into the STl regi on of the workpiece.
15. The method .according to Claim1, wherein formng the trench around at

| east one of the 2 integrated circuits conprises formng a trench having a
wi dt h of 1 abblitThe néthiod adcOrding to Cldimds whevein the workpiece comprises a shallow trench

2 isolation (ST) region formed therein, wherein forming the trench around at least one of the

3 integrated circuits comprises forming a trench extending into the STI region of the workpiece.

1 15. The method according to Claim 1, wherein forming the trench around at least one of the
2 | integrated circuits comprises forming a trench having a width of about 03 to 10 pmorless and a

3 depth of about 1 to 8 um.

1 16 .The method according to Claim 1, wherein forming the trench around at least one of the

2  integrated circuits comprises forming a trench having an aspect ratio of about 3:1 or greater.

1 | 17. The method according to Claim i, wherein forming the pluralitj of integrated circuits

2 comprises forming at least one low-k dielectric layer. -

1 18. The method according to Claim 17, wherein forming the at Jeast one low-k dielectric layer

2  comprises forming a low-k dielectric layer having a dielectric constant of less than about 3.5.
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depth of about i to 8 pm 1 16. The nethod according to Caim1l1, wherein
formng the trench around at | east one of the 2 integrated circuits
conprises formng a trench having an aspect ratio of about 3:1 or greater.
1 17. The method according to Claim1, wherein formng the plurality of
integrated circuits 2 conprises formng at |east one lowk dielectric

| ayer. 1 18. The nethod according to Caim1l17, wherein formng the at |east
one | oy k 19i Hleegttot acdomigyto Chimd8pwliessisioimmpihegt least one-lawdidilestricdayer | ayer
having a dielectric constant of |ess than about 3.5. 1 19. The net hod

accor dj gg 8%“9 risesbili chﬁﬂﬁ:%ﬂa@w{a d%?(g%t}w (EUB) @biebtBERYerSIOC! SIBCN, ghikbect ri c

| ayer rses rmng a vapor deposition (CVD) dielectric

| ayer, SiQC, SiOCN, spin-on 3 SiOC_a. ol , i-on pol ymer,

f1 uori Rat 8@%@&%&@&%& chéi%??%egsﬂmé%%srgg?%ﬁisd}t%er eof . 1 20.
The nethod according to aim1l, further conprising: 2 formng at |east one
test pad tombicdiionsvberecd, portion of at |east one of the integrated circuits

3 at the scribe line, sinmultaneously while formng the trench for the crack
prevention ring, wherein 4 formng the conductive nmaterial conprises

formi ng agheshe Makbdiabeokdify BICIAIRAS uraroipiginggad trench 1 21. The net hod
according to Caim20, wherein the at |east one test pad is renoved while

2 separating the .pluralit anteqr ' et bBe SfdekRa clcbiligs. 1
22. A Zeni con E’P% &&%ﬁogéfeg{:%‘gp%'?%o%&%ogdogﬁ TIiite%gltaéngi poer:_tﬁll gi;] ofc a
wor kpi ece; an integrated circuit di sposed over the rkpiece. the .
| nt egr @ oat B sty ioccamamesusly il TimedPy ropch for eemek prieoigh ing, ylisran
di sposed over and being electrically coupled to the integrated

4  forming the conductive material comprises forming a test pad in the at least one test pad trench.

1 | 21. The method according to Claim 20, wherein the at least one test pad is removed while

2 separating the plurality of integrated circuits at the scribe lines,
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5 circuit, the plurality of netallization |layers conprising a first
netallization | ayer and at | east one 6 second netallization |ayer disposed
over the fast netallization |ayer, wherein each netallization 7 layer is
formed in an insulating layer, and 8 a crack prevention ring disposed
around an exterior edge of the integrated circuit, the 9 crack prevention
ring conprising a conductive material and extending into at | east the at

least 10 @2e ASemROAWRE dvide Zdhi ﬁglné:ayer. 1 23. The sem conductor device
according to Caim 22, wherein the Conductive material 2 conprises copper,

al um nu silver,, tungsten,. netal nitride, nmetal alloy, copper alloy,

al um nu% 3 all 8‘9?“@"0@15‘6°§‘i°?é¥’°{"f%“%of, or conbi nations thereof. 1 24. The
sem conductor devjce according to Claim22, wherein the crack prevention
ring 2 “onpri sexinggraied sispnitadisppsed oversher workpieop, the integratedicir¢vittchmprisimpdiict i ve
material. 1 25. The sem conductor device according to Caim 24, -wherein the
crack préevahirliapof meglitationtifers isgeeddvesed béi_rln_%kléétﬁcaﬂlﬁr c@i(?&a&o fle %t ted0 pm or
| ess and a depth of about 1 to 8 pm 1 26. e sem conductor device

~accordi teedd. & ity SRR Ahd : [ onnLing.tren 2 .
conpri !sgg an asgigcrﬂ'gértg! 0 ct)ﬁ hialgzc’ﬁ?y%g%rn 9%? %Q&Eefrn?mfz%?la?‘ﬂé’_’@g%aétcﬂ%uctor
s conpitt arpnd feialiaiahiaper hiposisinytrhe b el lyerobercipech miglization -

sem conduct or devi ce according to Claim 24, wherein the crack prevention
ring trehcHayerisdormed inchninsulatinglayeroanduct i ve material . 1 29. The
sem conduct or device according to Claim 28, wherein the conductive nateri al

l'i ni ng téhe a crack prevention ring disposed around an exterior edge of the integrated circuit, the

=i

9 crack prevention ring comprising a conductive material and ‘extending into at least the at least

10 one second metallization layer.

1 23. The semiconductor device according to Claim 22, wherein the conductive material
2 comprises copper, aluminum, silver, tungsten, metal nitride, metat alloy, copper alloy, aluminum

3  alloy, composites thereof, or combinations thereof.

1 24. The semiconductor device according to Claim 22, wherein the crack prevention ring

2  comprises a trench at least partially filled with the conductive material.

1 25. The semiconductor device according to Claim 24, wherein the crack prevention ring trench

2 comprises a width of about 0.3 to 10 um or less and a depth of about 1 to § um.

1 26. The semiconductor device according to Claim 24, wherein the crack prevention ring trench

2 comprises an aspect ratio of about 3:1 or greater.

1 27. The semiconductor device according to Claim 24, wherein the crack prevention ring trench

2 is completely filled with the conductive material.

2.



2 crack prevention ring trench conprises a thickness of about 2000 nm or

| ess. 1 30. The sem conductor device according to Cai'm 28, further
conprising a passivation |ayer 2 disposed over the integrated circuit and
the crack prevention ring, wherein the crack prevention 3 ring includes an
air pocket disposed beneath the passivation layer. 1 31. The sem conduct or
devi ce according to Claim22, wherein the crack prevention ring extends 2

at | east Hfitthehificdddidér Pk hdchramlet@Olaln ¥4 wherbindBe cridkrépmtioning uedcr device
according to Caim?22, wherein the crack prevention ring extends 2 through

the integrated circuit t.0 the.workpiece. 1 33. The sem conductor device
accord ngls'?iBe%"@} %,du‘%ﬂ%%fngﬁﬂﬂt)he wor kpi ece conprises a 2 shallow trench
isolation (STI) region fornmed therein, wherein the crack prevention ring
extends into the STI region of the workpiece. 1 34. The sen conduct or

devi ce 1ac@drHesemicendugteg devip accprdingiie Llaim A% whereinghizcandugtive mafgrialibgisg theg 2

bet ween the crack prevention ring and the integrated circuit. 1 35. The
seni corduedack prél@itica@ing tenthdomgrises a GHickiness 3fabout 2008 hm ot less.seal ring trench
conprises a 2 width of about 10 pmor less. 1 36. The sem conduct or device
according to Claim22, wherein the integrated circuit conprises at 2 | east

one | ngefsé.i '?Ae%ﬁ&ﬂ'cblﬁig}:tg%’dac{vice a&%rcﬁ‘ngg tg gfﬁrﬁqgif&%g&&ﬁﬁrsmggﬁsgﬁamﬁqwi ng to

Claim wherein t east on dielectric conprises a
lowk dielectric |ayer havjng. i.electric constant, of less . than about 3.5.
36, The < dipese st B s B ethfl G R el Fo e hE e R oo
one lowk dielectric L.

3  ring includes an air pocket disposed beneath the passivation layer.

1 31. The semiconductor device according to Claim 22, wherein the crack prevention ring extends

2 at least into the first metallization layer.

1 32. The semiconductor device according to Claim 22, wherein the crack prevention fing extends

2  through the integrated circuit to the workpiece.

1 33. The semiconductor device according to Claim 22, wherein the workpiece comprises a
2  shallow trench isolation (STT) region formed therein, wherein the crack prevention ring extends

'3 into the STI region of the workpiece.

1 34. The semiconductor device according to Claim 22, further comprising a seal ring disposed

2 between the crack prevention ring and the integrated circuit.

1 35. The semiconductor device according to Claim 34, wherein the seal ring trench comprises a

2 width of about 10 pm or fess.

1 36. The semiconductor device according to Claim 22, wherein the integrated circuit comprises at

2 least one low-k dielectric layer.
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| ayer conprises a chemical vapor deposition (CVD) dielectric |ayer, SiCC,
Si OCN, spin-on SiOC, a CVD polymer, a spin-on polyner, fluorinated silicate
glass (ESG, Si02, or conbinations thereof.

;',_1 47, The semiconductor device according to Claim 36, wherein the at least one low-k dielectric

jayer comprises a low-k dielectric layer having a dielectric constant of less than about 3.5.

38 The semiconductor device according to Claim 36, wherein the at least one low-k dielectric
. .;aygr comprises a chemical vapor deposition (CVD) dielectric layer, SiOC, SiOCN, spin-on

; - §i0C, a CVD polymer, a spin-on polymer, fluorinated silicate glass (FSG), Si05, or

“ 4 - combinations thereof.
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