METHODS FOR ENHANCING DIE SAW AND PACKAGING
RELIABILITY CROSS REFERENCE [0001] The present application is a
Continuation-In-Part application of U.S. Patent Application Serial No.
10/940,504 and claiming the benefits thereof. BACKGROUND [0002] The
present invention relates generally to an integrated circuit (IC) design,

and more particularly to a processing method for reducing die saw
induced damage on the circuit during the cutting or breaking processes of
the wafer while also improving packaging reliability. [0003] In
semiconductor technology, a large quantity of chips containing integrated
circuits is created together within a wafer. Each wafer contains many

dies, which are the specified areas required for the formation of a chip. As
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a space typically known as the scribe streets or the scribe lines. This
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cutting or breaking process of the wafer at the scribe lines, die saw
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damage created at the scribe line, conventional methods such as
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[0002] The present invention relates generally to an integrated circuit (IC) design,
and more particularly to a processing method for reducing die saw induced damage

on the circuit during the cutting or breaking processes of the wafer while also

improving packaging reliability.

{0003] In semiconductor technology, a large quantity of chips containing
integrated circuits is created together within a wafer. Each wafer contains many
dies, which are the specified areas required for the formation of a chip. As known
by those skilled in the art, the dies on the wafer are separated with a space typicaliiy
known as the scribe streets or the scribe lines. This space is designed to be large
enough to aliow separation of the die by cutting or breaking without damaging the
chips within the die. During the cutting or breaking process of the wafer at the
scribe lineé, die saw induced damage canorigiriate from crack propagation above
and berneath the surface of the silicon (Si) substrate, thereby leading to serious chip

damage or failure.

[0004] In order to reduce the die saw induced damage created at the scribe line,
conventional methods such as crack-stop structure designs, interfacial adhesion
enhancement, and material properties optimization are currently being practiced.
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enhancement, and material properties optimization are currently being
practiced. -1 However, all conventional methods try to avoid crack
propagation along the material interfaces above the Si substrate. By
limiting 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 leads to serious chip damage or failure. [0005] For
chips that were not damaged from the initial cutting or breaking process,
it is still possible for crack propagation to occur during the packaging
Holreeass ot tieehipnbeeage il J:guing tis dmedbaspagitionok Birgsthis
applied onto the chip. [0006] Therefore, it is desirable to have a more
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SUMMARY [0007] In view of the foregoing, this invention provides a
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[0006] Therefore, it is desirable to have a more reliable processing method for
reducing or eliminating crack propagation damage to the chip during the cutting

and packaging processes.

SUMMARY

[0007] In view of the.foregoing, this invention provides a processing method and
stress reduction mechanism on a wafer for reducing die saw induced damage done
to the circuit during the cutting or breaking process of the wafer while also
improving the packaging reliability. In one embodiment of the present invention, a
seal ring is hnplemented to reduée the stress‘.appliéd on a film stack of the circuit
caused by the cutting or bréaking procesé of the wafer. A shallow trench isolation is
created beneath tﬁe ‘surf_ace.- of the silicon substrate to limit crack propagation caused
by the cutting or breaking process from reaching the circuit area. A ditch is

optionally impleménted to reduce the stress applied on the film stack.

~ [0008] The construction and method of operation of the invention, howevei-,, :

together with additional objects and advantages thereof will be best inderstood



by the cutting or breaking process from reaching the circuit area. A ditch is
optionally implemented to reduce the stress applied on the film stack.
[00081 The construction and method of operation of the invention,
however, together with additional objects and advantages thereof will be
best understood 2 from the following description of specific embodiments
when read in connection with the accompanying drawings. BRIEF
DESCRIPTION OF THE DRAWINGS [0009] FIG. 1A shows a
cross-sectional view of a CMOS process with various design elements
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during the cutting or breaking process of a wafer in accordance to one
WiEhiBSRRseRRATHE BrEsRingSention. [0010] FIG. 113 illustrates a diagram
showing a top-view of the die area shown within FIG. 1A. DESCRIPTION

BIEQQ%ﬂg@eﬁgﬁ@w@%@m@@g@xmrocessmg method for reducing

die saw induced damage on scrlbe lines during the cutting or breaking
process of the wafer. [0012] FIG. 1A shqws a cross-sectional view 100 of
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breaking process of a wafer in accordance to one embodiment of the
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embodiment of the present invention.

[0010] FIG. 1B iilustrates a diagram showing a top-view of the dle area shown
within FIG 1A.

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 |
varieus design elements are implemented for reducing the chances of die saw
induced damage during the cutting or breaking process of a wafer in accordance to

- one embodiment of the present invehtion. The design elements are a seal ring 102 |
_ and a shallow trench isolation (ST{) 71'06 The seal ring 102 is implemented above
E and,/ or around the metal layers that make up a film stack 104, thch constitutes an
active area fer cell circuits. The seal ring 102 can have a width about or larger than
| 10*_ um. The STI 106 is implemented within a silicon (Si) substrate 108 outside the
-area of the film stack 104, The STI 106 is filled .by dielectrics such as SiC,. The depth
of the 5T1 106 cen vary, but is prefezred to .be. 1arg.er than 3000 A, A_iso, there coui& |

be more than one S5TI 106 to be placed for the same protection.purpoée. ‘the area
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and a shallow trench isolation (STI) 106. The seal ring 102 is implemented
above and/or around the metal layers that make up a film stack 104,
which constitutes an active area for cell circuits. The seal ring 102 can
have a width about or larger than 10 gm. The STI 106 is implemented
within a silicon (Si) substrate 108 outside the area of the film stack 104.
The STI 106 is filled by dielectrics such as Side. The depth of the STI 106
can vary, but is preferred to be larger than 3000 A. Also, there could be
more than one STI 106 to be placed for the same protection purpose. The

oufi8a & euisids efihe Geal ingetd id Updersiopdria bp PayrAseadwd by the seal
surrounded by the seal ring 102. A ditch 110, which is anagther design
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film stack 104. [0013] The process includes the etching of the Si substrate

outs08:fdrthectabtidatibhmetakk M 106. The STI 106, typically used for
creating isolation within the silicon area, is created by depositing oxide
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any die saw induced cracks propagation that may reach the circuit area
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the wafer. For this reason, the STI 106 must be created outside the area of the cell

circuits and the seal ring 102. The seal ring 102 is used for keeping contamination

away from the film stack 104, which contains layers of conductive and non-

conductive materials making up the circuitries of the chip. It is a continuous ring of

narrow contact strip that surrounds the active area of the die (e.g., around the film

stack 104).

[0014] A scribe Hne, not shown in this figure, surrounding the entire chip within
the film stack 104 typically consists of bare silicon with no active circuitry.
Contaminants can seep laterally into the exposed oxide layers abutting the scribe
line. Therefore, the scribe ring 102 is placed around the film stack 104 to block any
~mobile ions. The seal ring 102 is created in the same manner as the film stack 104
where it contains layers of metal-conﬁécted together through via contacts with oxide
implemented between layeré. For ease of fabrication, the seal ring 102 is designed to
be at the same height as the film stack 104. The seal ring 102 can prevent
contamination from entering laterally into the exposed oxide layers abuting the

scribe line. It is crucial for the seal ring 102 to be a continuous ring uninterrupted by'
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narrow contact strip that surrounds the active area of the die (e.g., around
the film stack 104). [0014] A scribe line, not shown in this figure,
surrounding the entire chip within the film stack 104 typically consists of
bare silicon with no active circuitry. Contaminants can seep laterally into
the exposed oxide layers abutting the scribe line. Therefore, the scribe
ring 102 is placed around the film stack 104 to block any mobile ions. The
seal ring 102 is created in the same manner as the film stack 104 where it
contains layers of metal connected together through via contacts with

angf)éjgﬁs gnnggec@r Nt QE%?[%@Q!@{%@%&@S& af fabrgationingseakring ring
s designed to %e at the same height as the film stack 104. The seal
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understood by those skilled in the art that the seal ring 102 and the
stagfkclilory MHtamdiHec s ialdar ero v shindhanealaing FSua [oimRg at the same
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metal layers within the seal ring 102 are formed at the same time. The
fosealbirngf QD aiga contaitia coetarainationtbisrrier sheehafisthithagizre, directly
on top of the exposed silicon including the surface of the chip or the film stack 104,
the surface of the seal ring 102, and the STI 106, This protective overcoat is designed
to stretch from the surface of the film stack 104 all the way to the scribe line to serve n
as another barrier to any mobile ions created from a cutting or breaking process of
the wafer by preventing mobile ions from reaching the oxide layers that are in‘
contact with the chip within film stack 104. Note that a flap-down of the protective
overcoat is used to cover the scribe line, which is much lower in height since it is
desi-gnéd for saw blade to cut. This flap-down of the protective overcoat 1s
permitted since the scribe line does not contain any active circuitry. Any mobile
ions created from a cutting or breaking process of the wafer attempting to penetrate
the seal ring 102 must first surmount this prot'ective overcoat and pass the
continuous seal ring 102 before reaching the active region of the die. The seal ﬁng
102 can also efféc‘tiVeiy prevent all cracfk propagation through the material interfaces

- above the Si substrate 108.

[0015] To further prevent crack propagation created from the cutting or breaking
process of the wafer, the ditch 110 can be fabricated from the very top of the wafer
level film stack 104 down to the surface of the Si substrate 108. The 'ditc_h 110 can
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formed by flapping a protective overcoat, which is not shown in this figure,
directly on top of the exposed silicon including the surface of the chip or
the film stack 104, the surface of the seal ring 102, and the STI 106. This
protective overcoat is designed to stretch from the surface of the film
stack 104 all the way to the scribe line to serve as another barrier to any
mobile ions created from a cutting or breaking process of the wafer by
preventing mobile ions from reaching the oxide layers that are in contact
with the chip within film stack 104. Note that a flap-down of the protective

reQYEFEAALISHSaE 1O COVartecHeine ihwhieb iimuehiowerdodinighite cutting
since it is designed for saw blade to cut. This flap-down of thegrot ctive
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the wafer attempting to penetrate the seal ring 102 must first surmount
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e?feccflvey prevent all crack propagation through the material interfaces
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created from the cutting or bregking process, of the wafer, the. ditch .
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stress applied on the circuits within the film stack 104 during the cutting or

RSP S S G S S R L 8 IR PSR EH crack
propagation within circuit during the packaging process is also reduced. It is also
understood by those skilled in the art that this processing method can be achieved | |

with existing tool and recipes and that no new or extra fabrication processes are

TIeCessary.

[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 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 the same height as the film stack 104, helps to
© keep contamination from reaching the core circuitry within the biock 118. The seal
ring 102 can also prevent any contamination from entering laterally reaching the
'c:_ircuitry since it is created with the same metal layers, via contacts, ahd_ dielectric
layers as the film stack 104. The width of the seal ring, which s not wide, is 'onlyl a
small percentage of the width of scribe lines 120. In order to Irarotect the _éhip from:
die saw induced crack-propagaﬁon through the Si subsirate, the ST ring 106, now

seen in a top-view, is implemented outside the seal ring beneath the surface of the 5i
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area of the cell circuits and the seal ring 102. As an optional final step, a
block 114 is used to show the proper cutting or breaking area within the
scribe line of the wafer. This block 114 may be seen as a die sawing
guiding mechanism. The stress applied from the cutting or breaking
process at the scribe line will not affect the film stack 104 due to the
implementation of the seal ring 102 and the ditch 110 while the crack
propagation beneath the surface of the Si substrate 108 is limited by the
STI 106. [0016] Note that with the implementation of this method, the

subhanee afcragkcprapagationwithia eirctit dinngdbe terkaging prectissisy
also reduced. It is also understood by those skilled in the art that thi
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illustrates a diagram 116 showing a top-view of the die area shown within
1281G. 1A. A block 118 is used to represent thé core circuitry of the chip,
which is also shown as the film stack 104 within FIG. 1A. The core

cifgbitgy MHthinotheblaek, 448 wilbeisurravndedbycthe saaldingsi2 onow

seen in a top-view. The - seal ring 102, which is designed to be the same
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any contamination‘from entering laterally reaching the circuitry since it is
increated. iittethensawfcometal peedy vin vodiavtstanddieleopicrtgretedto limit

the film sta 104%hTth§ width 8f. th&seill grgsq which is not wide, is only a
e

th@MFBQP& thEWidth of sciibe fines 120. In order to protect the
chip from

[0019] Although the invention is illustrated and described herein as embodied in
one or more specific examples, it is nevertheless not intended to be limited to the
details shown, since various modifications and structural changes may be made
therein without departing from the spirit of the invention and within the scope and
range of equivalents of the claims. Accordingly, it is appropriate that the appended
claims be construed broadly and in a manner consistent with the scope of the

- invention, as set forth in the following claims.



die saw induced crack propagation through the Si substrate, the STI ring
106, now seen in a top-view, is implemented outside the seal ring
beneath the surface of the Si -6 substrate. To reduce the stress applied
tg%gglm stack 104 during the die saw process, the ditch 110 may be
WH@’& B6wn to the surface of the Si substrate from the outer
edge of the seal ring 102 to the outer edge of the scribe lines 120. [0018]
L. TheAawsovedfidsttatisaiprovitedieany idiferehitembediasis@chanism having
embodlments f?far im Ieérinentl g different features of the invention. Specific
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intended to limit the invention from that described in the claims. [0019]
Although tiﬁ |n\{entlon llS lllustrateg an nd described herein as embodied in
one or more specific’examples;, it1s REVEHNEEE& not intended to be
limited to the details shown, since various modifications and structural
changes mayisératradetahesaid withed babpamtini:frohaathespiitbfitieand the
invention ang within the scope and range of equivalents of the claims.

Semﬁegg}]d"tﬁéﬁ}‘ ftfé'“ﬁppropnate that the appended claims be construed
broadly an manﬂ conS|st nt |th the S%é)ﬁ of the |r1v ntion, as set

forth in the foel?swmg alms @%LWI eR8t one d1e ectric in the
semiconductor substrate between the seal ring and the scribe line; and

a ditch etched down to the surface of the substrate between the seal ring and

the scribe line and exposing the shallow trench isolation.

2. The wafer of claim 1, wherein the seal ring is a continuous ring surrounding the
active area.

3. The wafer of claim 1, wherein the seal ring has a width more than about 10 pm.

4, The wafer of claim 1, wherein the active area 1s a film stack containing one or more

layers of conducting materials connected together through via contacts with dielectric

materials implemented between the one or more layers.

3. The watfer of claim 1, wherein the shallow isolation trench has a depth of at least
3000 A. |



1. A semiconductor wafer with die saw induced stress reduction
mechanism having one or more circuits fabricated in at least one active
area on a semiconductor substrate, and having a scribe line for cutting
the active area there along, the wafer comprising: at least one seal ring
around the active area; a substrate contact sandwiched between the at
6. leadt mathedabrireumnati semiRdihdcibesuDR FatEct fabiedn Bhallow
rench isolatjon wi t ielegtric in the. semi strate
on 2 R A the
scrisutfac ahef thethedbsinape hatween the seal ring and the scribe line and
exposing the shallow trench isolation. 2. The wafer of claim 1, wherein the
sealring i aelpll] [ ' ive area. :
1w e i 1 PR i
sandpatbedbetaienn thysegbimihenddtiveareerisiuditmsskatieontaining one or
more layers of conducting materials connected together through via
contacts with dielectric. materials implemented between the gne or. more
layers. 5. THEIGAERS B PR ESPARASRIAHE ST RSl L S ween the
seal GERIRRS Bkleaste I0RMA %16nA Mothodiesd eduking ciesaidiRe uabetrate; and
stress on a circuit fabricated in an active area on a semiconductor
substrate when the active area is cut along a
etching a ditch down to the surface of the substrate between the seal ring

and the scribe line, thereby exposing the shallow trench isolation.

7. The method of claim &, wherein the seal ring has a width more than about 10 um.

8. The method of claim 6, wherein the shallow 1solation trench has a depth of at
least 3000 A.
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scribe line, the method comprising: fabricating a seal ring around the

active area, wherein a substrate contact is sandwiched between the seal

ring and the semiconductor substrate; fabricating a shallow trench

isolation with at least one dielectric between the seal ring and the scribe

line by etching into a portion of the semiconductor substrate; and etching

a ditch down to the surface of the substrate between the seal ring and the

scribe line, thereby exposing the shallow trench isolation. 7. The method

of claim 6, wherein the seal ring has a width more than about 10 um. 8.

The method of claim 6, wherein the shallow isolation trench has a depth of

@%ﬁ?@%‘%‘bﬁ AVETHERZ AR ENAANGING DK SAMANRELTABILITY

ING RELIABILITY ABSTRACT [0020] A wafer device is :

disclosed for improving reliability of circuits fabricated in an active area on

a silicon substrate. A seal ring is fabricated around the active area, and a
Ashaftol-trench isolation is also formed between the seal ring and a scribe
~line by etching into a portion of the silicon substrate, wherein the seal ring

andIbEashaliova treiashsisplatiancdrey enbeie, sanriniete, csack dim fabricated

propagating to the active area when the active area is cut along the o
in sprisE Vi eI fo. algi}iq@m substrate. A seal ring is fabricated around the active
area, and a shallow trench isolation is also formed between the seal ring and a scribe
line by etching into a portion of the silicon substrate, wherein the seal ring and the

shallow trench isolation prevent die saw induced crack from propagating to the

active area when the active area is cut along the scribe line.

(FIG. 1A)
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