METHODS FOR ENHANCI NG DI E SAW AND PACKAGQ NG
RELI ABI LI TY -CROSS REFERENCE [ 0001] The present
application is a Continuation-In-Part application of
U S. Patent Application Serial No. 10/940, 504 and
claimng the benefits thereof. BACKGROUND [ 0002] The
present invention relates generally to an integrated
circuit (1C) design, and nore particularly to a
processing nethod for reducing die saw i nduced damage
on the circuit during the cutting or breaking
processes of the wafer while also .inproving packaging
reliability. [0003] In seniconductor technology, a

| arge quantity of chips containing . |ntegrated

circuits is created together wthin :
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- areas required for the formation of a chip. As known
CRPSS REFEREKIAH ed in the art, the dies on the wafer are
separated with a space typlcally knomn as the scribe
streets or the scribe lines. This space is designe to
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waf er at the scribe lines, die saw i nduced damage
BAEXKGROUNDNat e from crack propagation above. and

beneath the surface of the silicon (Si) substrate,

thereby | eading to serious chip damage or. fajlure, :

[0E2AThe presentanvenfiorethlaies Etrerale fa e PR 16%%69 design,

' reated at the scribe I]
gl a%rﬂephe Cararostr e orbofas) Fu Rl Agfuced damage
on BCRIRIM or 1HRAkinPRr8Fdsads diftﬁ@@idfeﬁﬁrhﬂe also -
optlmzatlo are currently ‘béing practiced. . :
improving packaging reliability. :

[0003]} In semiconductor t'echﬁolt)gy, a lerge quantity of chips containirg’
integrated circuits is created:to gethef within a wafer. Each wafer contains many
| dies, which are the specified areas required for the formation of a Chlp As known
'by those skilled in the art, the dies on the wafer are separated with a space typlcally
- known as the scribe streets or the scrlbe lines. This space is designed to be Iarge .
enough to allow separatlon of the die by cuthng or breakmg without damagmg the
- chips w1thm the die. During the cuttmg or breaking process of the wafer at the :
: scribe lines, die saw induced darmage can. orlgmate from crack propagatlon above

" and beneath the surface of the silicon (Si) substrate, thereby 1ead1ng to serious Chlp

damage or failure.

[0004] In order to reduce the die saw-induced démage.created at the scribe line,-
.' conve‘n’cional methods such as crack-stop ‘Strﬁc'ture designs, interfacial adhesion
| enhancement and materlal properties optumzatlon are: currently bemg practlced
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However, all conventional nethods try to avoid crack
propagation along the material interfaces above the
Si substrate. By limting the crack propagation above
the Si substrate alone is not enough since the crack
propagation can still frequently occur underneath the
Si substrate which also |l eads to serious chip damage
or. failure. [00051 For chips that were not danaged
fromthe initial cutting or breaking process, it is
still possible for crack propagation to occur during
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provides a processing nethod and stress reduction
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mage done to the circuit during the cutti
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Omroqﬂgglen the stress applied on a film stack of the
feult  caused by the cutting or breaki ng process of
the wafer. A shallow trench"isolation is created
HeousA Theteharesil i destoble fochagi Ialm@lﬁi relipkle rﬁp@%@a mgihod for

crack. propagati on cause or
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| 5& Lemented to reduce the stress applled on
am?ﬁ @%ﬁ%%ﬁoc% §[0008] The .construction and net hod of
operation of the invention,, however, -
SUMMARY

[0007] In view of the foregomg, this invention provrdes a processmg method and

-stress reduchon mecharusrn on a wafer for reducing die saw induced damage dorie
to the circuit durmg the cutting or breaking process of the wafer Wh]le also
: 1mprovmg the packagmg reliability. In one embodrment of the present invention, a
- seal ring is unplemented to reduce the stress. apphed ona fﬂm stack of the circuit
caused by the cuttlng or breakmg process of the wafer. A shallow rrench isolation is

_ created beneath the surface of the silicon substrate to limit crack propagaﬂon caused
| - bythe cuttmg or breakmg process from reachmg the circuit area. . A ditch is -

optmnally-lmplemented to reduce the stress applied on the ﬁlrn_stack.

- [0008} The construction and method of Qp'eration of the invention, hoWei}er, '

together with additional 'objeéts and advantages thereof will be best understood




together with additional objects and advantages
thereof will be best understood 2 fromthe follow ng
description of specific enbodi nents when read in
connection wth the acconpanying draw ngs. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0009] FIG 1A shows a
cross-sectional view of a CMOS process with various
design el enents inplenented to hel p reduce the chances
of die saw induced .danmage during the cutting or
br eaki ng process of a wafer in accordance to one
frc?rmﬂg Jiﬁj%mgfde‘éc}gatﬁfne&%ﬁ&rhe U HolARents UG B H Gn céﬂﬁectron
rates ram show ng a top-view of the d
with € g&deeiMpan) ghrmmﬁh@ 1A DESCRI PTI ON [ 0011] The
- present disc osure provides a processing nethod for
reduci ng die saw induced damage on scribe lines
BRAFA DESCRAPTLUON QF THE PIAWINGDr ocess of the wafer.
- [0012] FIG 1A shows a cross-sectional view 100 of a

vvhere I I
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a wafer in accordance to one enbodi nent of the o
dapnageehiringthentitong orrealdogiryncass efre Waleninacaoiaare £ ME
102 and.a _shallow trench isolation (STI). 106. The
mRogdimentgt the Present IYEBHENt ed above and/or around the

o mstal | ayers that make up a filmstack 104, which

ggjgyl‘ib]rﬁmi 8 i ikt A d IR @h&@fn%& tdp-Gicke i fhs-did htea shown

ing 102 can have a wi dth about or larger than 1D
wifiiin FIBe1&8TI 106 is inplemented within a silicon (Si)
substrate 108 outside the

DESCRIPTION
| [0011} The present disclosure provides a processing method for reducing die saw.

induced damage on scribe lines during the cutting or breaking process of the wafer. -

- [0012] FIG. 1A shows a cross-sectional view 100 of a CMOS process where ‘

' varicus design elements are implemented for reducing the chances of die saw
mduced damage during the cuttmg or breaking process of a wafer in accordance to

. one embodiment of the present mventron ‘The de51gn elements are a seal ring 102-

| . :and a shallow trench isolation (STI) 106. The seal ring 102 is 1rnplemented above

" and /or around the metal layers that make up a film stack 104, Whlch constltutes an .

active area for ceﬂ circuits. The seal ring 102 can have a width about or larger than -

i 10 um “The STI106 is unplemented Wrthm a silicon (5i) substrate 108 outside the 3 |

_area of the film stack 104, The STI 106 is filled by dlelectrlcs such as SiO2.. The depthj N

- of the STI 106 can vary; butis preferred to be larger than 3000 A Also, there could

be more than one STI 106 to be placed for the same protectlon.purpose. The area o



area of the filmstack 104. The STI 106 is filled by
dielectrics such as Si2. The depth of the STI 106
can vary, but is preferred to be |larger than 3000 A_
Al so, there could be nore than one STI 106 to be

pl aced for the same protection purpose. The area
outside of the seal ring 102 is understood to be any
area not surrounded by the seal ring 102. A ditch
110, which is another design elenent for further
reduci ng die saw induced damage, is optionally etched
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abrication of the STI 106. The. .STI. 106, typicall :
indused deomgeris aptngeliserhed dawite ﬁh%swﬁ%cesq? ithe %ﬁsu%arféﬁé 108
exanple is designed to

is, created b ositi oxi de into the etched
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of FRISTLA0G. TleaSBIil06t typiceily used forcreating @p@élp@dfvm% gilicon
the area of the .cell . circuits and.the seal ok 102
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ntam nants can seep laterally into the exposed oxide
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stack 104).

[0014] A scribé line, not shown in this figure, surrounding thglentire chip within
the film stack 104 typically consists of baie_ silicon with no active ¢ircuifry. | _
' Contaminanits can seep laterally into the exposed oxide layers abutting the scribe |
Iine.l Therefb'ré, the scribe ring 102 is placed around the film "st'ack 104 to block any
7_ mobile ions. The seal ring 102-is éreaﬁed in the same inanne_r as the film stack 104-
where'it contains Iayers.of metal-conﬁécted tf;Jg'ethef thrdugh via contacts with oxide
~ implemented between layers‘ - Fér ease of'fabricétion, the seal ring _102'i's_ designed fo
be at the same height asthe film.steick_ 104. The s.e.al Ting 102 can p;evént ' |
contamination from entering 1a£era11y info the éx‘p_oSéd bxid'erlayers abutting the

scribe line. I£ is crucial for the seal ring 102 to be a continuous ring uninterrupted by

._4_7




nmobile ions. The seal ring 102 is created in the sane
manner as the filmstack 104 where' it contains

| ayers of metal connected together through via
contacts with oxide inplenmented between | ayers. ~ For
ease of fabrication, the seal ring 102 is designed to
be at the-sane height as the filmstack 104. The sea
ring 102 can prevent contam nation fromentering
|aterally into t he exposed oxi de |ayers abutting the

scribe Iine. is crucial for the seal ring 102 to be
a continuo | nt . S
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| de51gned for saw blade to cut. This flap-down of the protective overcoat is |
permitted since the scribe hne does not contain any active circuitry. Any mobile -
ions created from a cuttmg or breakmg process of the wafer attempting to penetrate '
-‘ .the seal ring 102 must first surmount this protectwe overcoat and pass the
'. _continuous seal rmg 102 before reachmg the active reglon of the d1e The seal rmg

102 can also effectlvely prevent all crack propagation through the materral mterfaces

- ‘above the Si substrate 108

[0015] To further prevent crack propagatron Created from the cuttmg or breakmg o '

process of the wafer, the ditch 110 ‘can be fabrrcated from the very top of the wafer .
_ level f;]m stack 104 down to the surface of the Si substrate 108 The drtch 110 can N
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designed for saw blade to cut. This flap-down of the
protective overcoat is permtted since the scribe

| ine does not contain any. active circuitry. Any
mobile ions created froma cutting or breaking
process of the wafer attenpting to penetrate the sea
ring 102 nmust first surnount this protective overcoat
and pass the : continuous seal ring 102 before
reaching the active region of the die. The seal ring
102 can also effectively prevent all crack propagation

re %QH? %6%[% %p%ﬂ%? bhahe LGB RERS ABOYS dtid 194 dutrsd tretatting

urther prevent crack propagation
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€ss ap circuits wi-thin the

Thid hl%@iﬁqﬁaﬁ@é 6l ésrhgdiefsemﬁlu%gumng otechamiaki. ihe stress applied -
process e the STI 106, the ditch 110 rru@; gaI S :
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seen as a die saw ng gui di ng mechani sm The
stress applied fromthe cuttl(g or breaking ocess
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hat wth the rnplenentation of this

Wﬂ%ﬂﬂ% taeakl aRgseseindahacko npvepagatitabrigtidn processes are
CIFCUIt during the packagi ng process is al so reduced.
netéssary. al so understood by those skilled in the art
that this processing nmethod can be achieved

[0017] FIG. 1B illustrates a diagram 116 showing a top-view of the die area

- shown within FIG. 1A. A block 118 is used to represent the core circuitry of the chip,
which is also shown as the film stack 104 within FIG. 1A. The core circuitry Wlthm
the block 118 will be swrrounded by the seal ring 102, now seen in a top-view, The
seal ring 102, which i is demgned to be the same helght as the film stack 104, helps to.' :
~ keep contamination from reaching the core circuitry within the block 118. The seal
ring 102 can also prevent any-contamination from entermg laterally reachmg the |

' ,'cxrcultry since it is created with the same metal 1ayers, via contacts, and dlelectrlc '

- ‘layers as the film stack 104. The w1dth of the seal ring, Whlch is not W1de, is only a | '
small percentage of the width of scribe lines 120." In order to protect the chlp from:
d1e saw induced crack propagatlon through the Si substrate, the STI ring 106, now

seenina top-v1ew, is 1mp1emented outside the seal ring beneath the surface of the Si

.




wi'th existing tool and recipes and that no new or

extra fabrication processes are necessary. [00171

FIG 1B illustrates a diagram 116 showi ng a top-view

of the .die area shown within FIG 1A A block 118 is

used to represent the core circuitry of the chip,

which is also shown as the filmstack 104 within FIG

1A. The core circuitry within the block 118 will be

surrounded by the seal ring 102, now seen in a

top-view. The seal ring 102, which is designed to be
subl€at5 298 r?&.‘tcgz e @ﬁegsrbzagﬁi!eli Brstha Hm 4ok 108l sid®thekdiegaw

- SURSRt ami nati on Trom reachi ng the core circuitry within
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~any-contam nation_fromenterin atera reachi t .

substrataftany the ereier pdgq of the é%’ﬁé%ﬁ (Pﬁot’f%"‘é Ogéﬁéaﬁ%f’gﬂ% sciibe lines

layers, via contacts, and dielectric |ayers as the

1 il mstack 104. The width of the. seal ring, which is. -

not wide, is only a snmall percentage of the w dth of
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process, the ditch 110 may be optional Iy etched down
thé fveRdos tifdna cleat afesdritedSh the dleshs.at e from t he outer
- edge of the seal ring 102 to the outer edge of the
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- thesejri without departing from the spirit of the invention and within he scope an:

range of equivalents of the claims. Accordingly, it is appropriate that the gppende_d '

claims be construed broadly and in a manner consistent with the scope of the

. invention, as set forth in the following claims.




the invention fromthat described in the clains.
[ 00191 Although the invention is illustrated and
descri bed herein as enbodied in one or nore specific
exanples, it is nevertheless not intended to be
limted to the details shown, since various
nmodi fi cations and structural changes may be nmade
therein without departing fromthe spirit of the
invention and within the scope and range of
equi val ents of the clains. Accordingly, it is
appropri ate that the appended cl ai ns be constr.ued
WwHAGaS LARNEDNS manner consistent with the scope of
the, invention, as set forth in the follow ng clains.
VWHAT IS CLAIMED |'S: 1. A sem conductor wafer- with die
saw i-nduced stress reducti f
mork ci ré FRECOngBFiOE XAkt ﬁp‘acgg F%gg‘t&%eﬁg%\gg? ?5%? ga
' e co Hi:&,t_} icaAddirhavbag oaleactwe)erea ona .
mﬁcffqﬂ@sﬁ}a"m& ?ﬁl@nglt I?l%]eéact i %gggrr ea there along
- seWRbAHUQBIDI stiakg andthalresd saite lgedbr entiigsdhe @ﬁ’a"‘t’ ?‘F@a there
active area; and at |east one shall ow trench
, domgﬁhﬂwmmrmnnph@ngen1conductor substrate between the
seal ring and the scribe Iine. 2. The wafer of claim

sur 1 ounditlt A St g M lla EAGE Ry ane 1

area. 3. The wafer of claim1,

wherein t g@?g?‘l Blf‘algqg/‘é il;ill %{H‘Hﬁ iRhE sdirOndabrusubsirate

m 4. Th¥ erein the active area is

befrddel A SLASIn AR @eRbbe linge or more | ayers of
con uctlng erials connected together through via
contacts
2. The wafer of claim 1, wherein the seal ring is a continuous ring

- surrounding the active area.

-- 3. The wefer of claim 1, wherein the seal ring has a width more than
about 10 pm.
4. - The Wafer of clalm 1, wherein the active area is a film stack contammg

" oneor more layers of conductmg materlals connected together through via contacts .

- with d1e1ectr1c rnaterlals 1mp1ernented between the one or more layers.

' '5.  The Wafer of clalm 1, wherein the seal ring cormects 0 ground via-one

or more contacts to the sermconductor substrate

' 6. | 'I'he Wafer of claun 1, wherem the shallow trench 1solat10n isa trench

_ f111ed W1th atleast one dlelectrlc mater1a1

7. The Wafer of clalm 1 Wherem the shallow isolation trench hasa depth

T of atleast 3000 A.




with dielectric materials inplenented between the one
~or nore layers. 5. The wafer of claim1l, wherein the
seal ring connects 'to ground via one or nore
contacts to the sem conductor substrate. 6. The wafer
of claim1, wherein the shallow trench isolation is a
trench filled" with at |east one dielectric material.
7. The wafer of claiml wherein the shallow isol ation
trench has a depth of at |east 3000 A. 8. The wafer of
claim1, further conprising a ditch on the substrate
bet ween _t he seal_ ri.n 1ieh o tHdwnbsaber
of &l ai eg‘faf%%frcé"f“ﬁg}’ﬁ%gt&tegg%ﬁpglb?lgkér(?cat ed on top of

t he_ .shal i35aligtd- on. 10. A sem conduct or
be"WéF%lthevmsaeFL%éﬁggl\[/{v@isdnduced. stress reduction

mechani sm having one or nore circuits _fabricated i

| east onheacdfeweof daisa8owharein Hig Eﬁli‘daéftﬂ?fic%‘ffgg g%l% gff’ﬂe

and having a scribe line for cutting the active area
shatlb@r@e@}tiﬁ@?’f_l?ﬂe waf er conprising: at |east- one seal

ring around the active area; at |east one shallow

trepch i I?Eéxﬂféoﬁﬁu&%r thgesRitheashe inducdsdtesareduction
© between ‘the seal ring and the scribe line; andt..a g]i:‘tacgha
mePRaiibe 1ewbes orad er metardemitsabdenied 1 #deatl PERE" ST F I Be
~ line and on top:of-the shall.ow trepch,.i atj ared-ther
serfivondatter sURtERaRRT 16V AR RaI PR OLGa T g chae S e
‘vvidthm)ethani%%,out 10 m ‘ ' ' -
~along, the wafer cOmprising.

at least one seal fihg around. the active area; |
at least one shallow trencﬁ isolation in the gerrdconductor substrate
between the seal ring énd the scribe line; and
a‘ ditch on the subsfréte between fhe-segl ring and the scribe line and
~ontop of the shallow trench isolation.
| .11. ‘ The. wafer of (':Vlailrh‘lO, wherein the seal ring has a width more than
. aﬁout 10 pm. | | '
- 12 -' ﬁe Wafer of claim 10, whefein thg éeal rmg cohngcfs to g-i'Ound iria o
one or mdre;::bntactzs to the semicondgctor Substrate. N '
: 13. | The Wafér of ;:lairh iO, W_her,einithe shallqw tr_én'ch iéélatidh’ is a.'trench' "
| filled {vith:af ieast one dieleétric material. |
. 14. ‘.T;h,e wafe;: of claim 10, whereiﬁ the-shallow isdlatio_n ?rehch has é depﬁh

of at least 3000 A:




12. The wafer of claim 10 wherein the seal ring
connects to ground via .one or nore contacts to the
sem conduct or substrate. 13. The wafer of claim10,
wherein the shallow trench isolation is a trench
filled with at |east one dielectric material. 14. The
waf er of claim 10, wherein theshallow isolation trench
has a depth of at |east 3000 A: 15. A nethod for
reduci ng die saw i nduced stress on a circuit
fabricated in an active area on a semn conduct or
substrate when.the actlve,ares s CilstAls@BA ofift@it fbricated in
li n&d. thgr‘ﬁ"etgﬂ&ﬁo%rc? T idﬁg:s;?‘?é'%g?catsi_ng a seal rilng
ar ALk iiNEn R8s sudRttafcabhirt iel autiva astraisiaghalong 2
an@?@ﬁgﬁﬁﬁgﬁf%t%%n between the seal ring and the scribe
sclibdBnd Yneinettiodgedmpasiagpor ti on of the semi conduct or
substrate. 16. The nethod of claim 15 further-
conprising fabricating a dit 0 sSemgconductor -
subst r at %Hé@%@%ﬁsfﬂéggﬁgPupggge%ﬁﬁgﬁﬁg'scribe l'i ne on
top of the shallow. trench Jsolatiqgq. o tHO G BB the
“of cl ai nfabsicatip éh?ﬁqvﬁéfeg‘é%ﬁoh%hoé‘q%ﬂ%énvtg dt&ﬁ _m)'ge
L out . LOm . 18, bEhbegmefonah@ionstibstrateer ei n
scyﬂéﬁgégyE?#%ﬂ%%ﬁ%%%ggﬁgﬁ}o ground via one or nore
~contacts to the sem conductor substrate. 19. The .. h on the
met hgd Ofhe hrditiod 6f claine 1.5 Furthéreostriisiegfabgseting gritch on

trench has a depth of at |east 3000.A. -30;.
semiconductor 'substratg between the sea rtmg ancP the scn%g line on top of the

shallow french isolation.

17.  The method of claim 15, wherein the seal ring has a w_idth more than
about 10 urh.
18.  The method .of claim 15, wherein the seal ring connects to ground via

one or more contacts to the semiconductor substrate.

19. The method of claim 15, wherein the shallow isol'aﬁon'trem.:h has a

depth of at least 3000 A.
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