A NEW DESI GN AND METHOD OF FABRI CATION OF A DIE OXIDE RING BACKGROUND OF
THE I NVENTION (1) Field of the Invention The invention relates to the
fabrication of integrated circuit devices, and nore particularly, to a new
design of a die "oxide ring" and a nethod for the fabrication of this
oxide ring. (2) Description of the Prior Art Cost-conpetitive pressures
require that sem conductor devices are created at a m ni num cost, which
results in nunerous sem conductor devices sinmnmultaneously being created
over a subsfrdfé. DRAEIEF Alfe MEMH@DATUCTERIFEVIIOEs CRakelbeepX EPeat BY: over a
substrate, independent operational units, also known as sem conductor die,
are created by singulating or separating the substrate into individual
units. This latter process is known as die dicing, a process that is
frequently perforned byzsencmgutiheorr dine alhomgiTdiosr sawi ng pat hs that have
for this purpose been provided between and surroundi ng the individual

sem conductor die. 1 Since a sawi ng process tends to be a rather abrasive
f

(1) Field of the Invention
The invention relates fto the fabrication of integrated
circuit devices, and more particularly, to a new design of a die

“oxide ring” and a method for the fabrication of this oxide ring.

(2) Description of the Prior Art

Cost-competitive pressures reguire that semiconductor
devices are created at a minimum cost, which results in numercus
semiconductor devices simultaneously being created over a

substrate.

After the semiconductor devices have been created over a
substrate, independent operaticonal units, alsc known as
semiconducter die, are created by singulating or separating the
substrate into individual units. This latter process 1s known as
die dicing, a process that is frequently performed by sawing the
die along die sawing paths that have for this purpose been
provided between and surrounding the individual semiconductor

die.




process, it is to be expected that the process is prone to cause die
failures and can therefore be a | eading yield detractor. Increased

per formance of sem conductor devices is in nore advanced sem conduct or

devi ces anong ot hers achieved by incorporating lowk dielectric as
insulating materials and copper as interconnect netal into the design and
creation of the sem conductor devices. Lowk dielectric materials present
a challenge in view of their high porosity, which | eads to easy absorption
of noisture Byntheal oawkndietectss ciermid tchéier al owthareprhakssveess

tol erance, which leads to cracking or the devel opnent of fissures if
mechani calroskrsess iksiexestled @npddieed duirdd dibel ecbckees s panneeadi ¢yudbe
expected that, in singulating sem conductor die into individual units, the
| ow k di eliectrriiguirss BRSt cn ofige tOf shtesnuptd drsdisgclyiasdcrdackaogerin the
corners of the singulated die which are formed by intersections of the
sawi ng paths. The cracking, which originates in the corners of the
singulated die, readily extends fromthe corners across the surface of the

die, which intura.keadset oo PRied i @ |36l 2RIt o5t kess cen apd; fVRMre

i nterrupting conductive interconnects,
advanced semiconductor devices among others achieved by
incorporating low-k dielectric as insulating materials and copper

as interconnect metal into the design and creation of the

semiconductor devices.

Low-k dielectric materials present a challenge in view of
their high porosity, which leads to easy absorption of moisture
by the low-k dielectric, and their low internal stress tolerance,
which leads to cracking or the development of fissures if

mechanical stress is exerted on the low-k dielectric.

It can readily be expected that, in singulating
semiconductor die into individual units, the low-k dielectric is
most prone to disruptions, such as cracking, in the corners of
the singulated die which are formed by intersections of the
sawing paths. The cracking, which originates in the corners of
the singulated die, readily extends from the corners across the
surface of the die, which in turn leads to potentially placing

stress on and even interrupting conductive interconnects,




conprising for instance copper, that formpart of the singulated die. In
view of the conplexity of a high-performance sem conductor die and the
there-with associated conplexity of the elenents that constitute the

sem conductor die, a detailed stress analysis for inproved understandi ng
of the cracking of lowk dielectric is not readily achieved. A nunber of
observations can however be nade that point towards reasons for the
cracking of the lowk dielectric and the thereby introduced negative

i npact oromheiconpl éve patkaye: cfoamnr, ditet Ifwra rodérAf hipghs pedt brlfthce
sem conductor die, it is not wunconmon to encounter between 6 and 8

i ntersperided | ayers of copper and Inter Metal Dielectric (I MD), thereby
including for instance two |ayers of oxides overlying |ayers of |owk
dielectric. D e passivation is achieved by the deposition of 2 or 3 |ayers
of passivation, thereby including |ayers of silicon nitride and Undoped
Silicon dasstaUSEw Bei thé esothoMmeski t il ectriige-pasfarhkgbepropensity to

crack when subjected to nechanical stress. 3
semiconductor die and the there-with associated complexity of the
elements that constitute the semiconductor die, a detailed stress

analysis for improved understanding of the cracking of low-k

dielectric is not readily achieved.

A number of observations can however be made that point
towards reasons for the cracking of the low-k dielectric and the
thereby introduced negative impact on the complete package of the

die.

In a modern, high-performance semiconductor die, 1t is not
uncommon Lo encounter between 6 and 8 interspersed layers of
copper and Inter Metal Dielectric {IMD), thereby including for
instance two layers of oxides overlying layers of low-k
dielectric. Die passivation is achieved by the deposition of 2 or
3 layers of passivation, thereby including layers of silicon
nitride and Undoped Silicon Glass (USG). Brittle, low-k
dielectric has a high propensity to crack when subjected to

mechanical stress.




It has further been observed that dicing induced cracking nost readily
occurs when the sawi ng bl ade enters the interface between soft but tough
copper and hard but brittle CVD lowk dielectric material. It is to be
expected that, at these interfaces, the cutting speed may change
drastically due to the very different nechanical properties of these
materials. This drastic change in cutting speed readily causes draggi ng
and peeling of the relatively hard but brittle lowk dielectric material.
At the tinme thatheRefsanny PadeoRans’ ahrididgh diRéndcopperefnferebhnect ,

t he copper interconnect may not imediately be cut (and break apart) due
to the hinghtt ensilléyt ooghnesehst tihe copper bladel entsrEntpfi snseshage o
reasonabl e to expect that the copper, at the tinme that the copper is being
cut, exebkswaeneehénibat tdoglcecarpguldndmadre bagr bodndiagCVbwd &w-k
dielectric, thereby noving or deformng the surrounding lowk dielectric.
I n view eficttBetrfiachatbaiat hett ove kedied ectpdctsd whiach atetfiesequent |y used
for high-performance, advanced sem conductor devices, conprise CVD oxides

whi ch ar g prekati-uel yrhei thteind tssdandsat a-HLas0ArkRAL capegl H0g, tal ong
different dielectrics and along dielectric to copper interfaces, and

cracki ng Qf..t he elk@pek+ dleLEELIELE piSoperties of these materials.

This drastic change in cutting speed readily causes dragging
and peeling of the relatively hard but brittle low-k dielectric
material. At the time that the sawing blade cuts through the
copper interconnect, the copper interconnect may not immediately
be cut {and break apart) due to the high tensile toughness of the

copper.

It is in this scenario reasonsble to expect that the copper,
at the time that the copper is being cut, exerts a mechanical
force or pull on the surrounding low-k dielectric, thereby moving
or deferming the surrounding low-k dielectric. 1In view of the
fact that the low-k dielectrics, which are frequently used for
high-performance, advanced semiconductor devices, comprise CVD
oxides which are relatively brittle, it stands to reason that
peeling, along different dielectrics and along dielectric to
copper interfaces, and cracking of the low-k dielectrics 1is

difficult to avoid when singulating a substrate into individual




difficult to avoid when singulating a substrate into individual 4 die. This
peeling and cracki ng has been observed, as previously stated, to be nost
prom nent at corners of the singulated die, where the X and Y directions
of the sawing paths intersect. The invention addresses the above
hi ghl i ghted concerns of danmage introduced to a sem conductor die by the
process of die singulation. U S. Patent 5,776,826 (Mtwal sky et al.)
describes a fuse etch to forma crack stop to prevent cracks from
propagat ifig - doiFngediEpngand, CRC P2 % 569, 622 CNE et 28l PYCUi ST bses a
plurality of nmetal guard rings to prevent cracks. U S. Patent 6,596, 562
(Mai z) t edehes,uspnhgeanbaseprguimad Flormearcleds thet séegugabed divgs to
isolate the saw fromthe integrated circuits. U S. Patent 6,107,161
(Ki t agur eihetrealthy shewd ¥odidegtiow tdifhghgr cevesigoptshdeinfetrhecguard ring
to prevent cracking during dicing. 5 SUMVARY OF THE | NVENTI ON
The invention addresses the above highlighted concerns of
damage introduced to a semiconductor die by the process of die

singulation.

U. §. Patent 5,776,826 (Mitwalsky et al.) describes a fuse
etch to form a crack stop to prevenit cracks from propagating

during dicing.

U. S. Patent 6,509,622 (Ma et al.) discloses a plurality of

metal guard rings to prevent cracks.

U.5. Patent 6,596,562 (Maiz) teaches using a laser gun to
form trenches between guard rings to isolate the saw from the

integrated circuits.

U.S. Patent 6,107,161 {(Kitaguro et al.) shows forming
cutting grooves outside of the guard ring to prevent cracking

during diging.




A principal objective of the invention is to provide a design and a nethod
for the creation thereof that inproves the process of wafer dicing.

Anot her objective of the invention is to provide a design and a nethod for
the creation thereof that reduces negative inpacts of sawing a

sem conductor wafer into individual die. Yet another objective of the
invention is to provide a design and a nethod for the creation thereof
that reduces the occurrence of cracking and fissures in |ayers of
dielectric during the procesS"BPrIamitngll SEWFEGRAict or wafer into

i ndi vidual die. In accordance with the objectives of the invention a new
design and nethod for the inplenentation thereof is provided in the form
of an "oxide ring". A conventional die is provided with a guard ring or
seal i ng ring, Awhk che 5o I ovimlsc ainde il datces nivikat iact ivetsupfacedar®aa of an

i ndi vi dual sem conductor die. The "oxide ring" of the invention surrounds
t he guar dekiigg erdsgahéngod ridg and Jrerats oinn thheirsofanhet anpeshani cad
stress rel ease buffer 6 between the sawing paths of the die and the surface

area of bggceggnggl@ég@ri@g&yﬁ@ual sen conduct or die.

Another objective of the invention is to provide a design
and a method for the creation thereof that reduces negative

impacts of sawing a semiconductor wafer inte individual die.

Yet another objective of the invention is to provide a
design and a method for the creation thereof that reduces the
occurrence of cracking and fissures in layers of dielectric
during the process of sawing a semiconductor wafer into

individual die.

In accordance with the objectives of the inventicn a new
design and method for the implementation thereof is provided in
the form of an “oxide ring”. A conventional die is provided with
a guard ring or sealing ring, which surrcunds and isolates the
active surface area of an individual semiconducteor die. The
“oxide ring” of the invention surrounds the guard ring or sealing

ring and forms in this manner a mechanical stress release buffer




BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 shows a top view of the oxide ring
of the invention, surrounding the conventional guard ring. Fig. 2 shows a
cross section of a stack of layers of dielectric, separated by |ayers of
etch stop material, through which two |levels of netal have been created.
Fig. 3 shows a cross section after a trench has been etched for the
creation of the oxide ring of the invention. Fig. 4 shows a cross section
after the trench for the oxide ring of the invention has been filled with
oxi de anéeplanar tzedsawiig. patishows Hecridss ageci-hen safrfaret hree pevelhe of
metal have been conpleted. Fig. 6 shows a cross section after additional

| evel s ofsingefaktehavedbeenusbnpiet edhdfcdrora diet.al of six |evels of netal.
7 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS To further enphasi ze the above
stated concerns and issues relating to wafer dicing, it nmust be pointed
out that wafer induced cracking can readily propagate during the process

of assenbling the singukated diecatpthentomerdshairywindisng conpound is
applied to the assenbl ed die and cured.

Fig. 1 shows a top view of the oxide ring of the invention,

surrounding the conventional guard ring.

Fig. 2 shows a cross section of a stack of layers of
dielectric, separated by layers of etch stop material, through

which two levels of metal have been created.

Fig. 3 shows a cross section after a trench has been etched

for the creation of the oxide ring of the invention.

Fig. 4 shows a cross section after the trench for the oxide

ring of the invention has been filled with oxide and planarized.

Fig. 5 shows a cross section after three level cof metal have

been completed.

Fig. 6 shows a cross section after additional levels of

metal have been completed, for a total of six levels of metal.




During nechanical -thermal stress, the created free space in the cracking
areas will allow nore novenent of the nolding conpound at the interface
and in this manner apply additional stress to the exposed |lowk dielectric
and the applied | ayers of passivation. This additional stress may destroy
the integrity of the conductive interconnects by the propagation of the
initial cracks and fissures. The highlighted i ssues induced by wafer
dicing equally apply to flip-chips. Particularly for flip-chips, underfil
is required to fill Qﬂﬁ?%ﬁﬁ?I@@tﬁ%éﬁ“ﬁh@Rg?FRE%ﬁ Hﬂ%o%ﬁﬁﬂgh% devi ce
supporting surface such as a flip-chip supporting substrate. In this
package and under conditions of thernal-nmechanical stress, the entire
package may warp, resulting in very high stress exerted on the corners of
t he nmount ed dire. fkothsucdnpackiages endiidue oatthd cetiresssrehdat egbues
characteristics of lowk dielectric materials that 8 have previously been
hi ghl i ghteda=-bND del ant @atdonirand ior ackin@ge ipeiatbrequenthyt obseswved
occurrence. The invention provides a new design of an "oxide ring" around
the perinetigkeaf caz6RNVENtd 0N adli B, gdbsi=neuadi-nggt hee ponventional |y
provi ded guard ring or sealing ring of the

assembling the singulated die at the time that molding compound

is applied to the assembled die and cured.

During mechanical-thermal stress, the created free space in
the cracking areas will allow more movement of the molding
compound at the interface and in this manner apply additional
stress to the exposed low-k dielectric and the applied layers of
passivation. This additional stress may destroy the integrity of
the conductive interconnects by the propagation of the initial

cracks and fissures.

The highlighted issues induced by wafer dicing equally apply
to flip-chips. Particularly for flip-chips, underfill is required

to fill the gap between the silicon die and the device supporting

surface such as a flip-chip supporting substrate. In this package
and under conditions of thermal-mechanical stress, the entire
package may warp, resulting in very high stress exerted on the

corners of the mounted die. For such packages and due to the

stress-related characteristics of low-k dielectric materials that



sem conductor die. This is shown in top viewin Fig. 1, where are
hi ghli ghted the active surface area 10 of the sem conductor die, which may
for instance conprise a SRAM devi ce arrangenent, the conventional guard
ring 12 and the oxide ring 14 of the invention. Any activity of dicing the
die will take place outside or wthin the boundaries of the oxide ring 14
and will therefore, as far as transfer of nechanical or thermal stress
into the die is concerned, be isolated fromthe die by the oxide ring 14.
From thb§vet PEEHAASSED Peois dht $HatIR sl pridlH 68dpiRP §RPIgREEdCRagat Ve
effects of lowk dielectric cracking, the devel opnment of fissures or
peel i ng amdat isegeeohddr yeedfert sodhatraigse negative effects nmay have on
conductive interconnects of the die, are as a m nimum reduced and are
potentially prevented. The oxide ring 14 is preferred to conprise a stack
of oxide trenches, in which a single type oxide is used to fill a trench
9 surroundi ngrhbBeiguandiohngrd2ideom tihey fdassignl edeknoforetial (MY to the
surface of the die. In applications where there are a relatively large
nunber ofirchaverscobeBhaterthe £reatian ahdiheliexkde supgounyihe pesformed
conventionally provided guard ring or sealing ring of the
semiconductor die. This is shown in top view in Fig. 1, where are
highlighted the active surface area 10 of the semiconductor die,
which may for instance comprise a SRAM device arrangement, the
conventional guard ring 12 and the oxide ring 14 of the

invention.

Any activity of dicing the die will take place outside or
within the boundaries of the oxide ring 14 and will therefore, as
far as transfer of mechanical or thermal stress into the die is
concerned, be isolated from the die by the oxide ring 1l4. From
this it stands to reason that the previously highlighted negative
effects of low~k dielectric cracking, the development of fissures
or peeling and the secondary effects that these negative effects
may have on conductive interconnects of the die, are as a minimum

reduced and are potentially prevented.

The oxide ring 14 is preferred to comprise a stack of oxide

trenches, in which a single type oxide is used to fill a trench




in nore that one step of etching the trench therefore. For instance, for an
arrangenent where three levels of netal are being created as part of the
die, the trench for the oxide ring nay be etched and filled after
deposition of the layers of dielectric and intervening |ayers of etch stop

material but prior to conpletion of all three levels of netal. If nore
|l evels of netal are required, this process nmay be repeated, creating an
oxide ring that surrounds and buffers all levels of netal. This wll be

further exprarpednasthy FHYLS 201 MF dig % St Hilgstpurpsse®t HAGFRY ML)

hi ghli ghted the design of the oxide ring of the invention by using Fig. 1,
t he process ther sthéaceeafi breofieahe oxide ring of the invention will now
be further explained using Figs. 2 through 6. Referring specifically to
Fig. 2, there is shown a stack of l|ayers of dielectric with interposing

| ayers of etch stop 10 material. The stack of |ayers of dielectric shown in
the cross secghi appofickibflon? iisetdeistraclkaitchat nedatequivedafoe thebereati on
of three layers of netal, ML through M3. The netal interconnects of Figs. 2
through 6 :3k@schgahedal, the creation of the oxide ring may be performed

in more that one step of etching the trench therefore.

For instance, for an arrangement where three levels of metal
are being created as part of the die, the trench for the oxide
ring may be etched and filled after deposition of the layers of
dielectric and intervening layers of etch stop material but prior
to completion of all three levels of metal. If more levels of
metal are required, this process may be repeated, creating an
oxide ring that surrounds and buffers all levels of metal. This
will be further explained using Fig. 2 through 6 for this

purpose.

Having highlighted the design of the oxide ring of the
invention by using Fig. 1, the process for the creation of the
oxide ring of the invention will now be further explained using

Figs. 2 through 6.

Referring specifically to Fig. 2, there is shown a stack of

layers of dielectric with interposing layers of etch stop

10




over a surface 18, which preferably is the surface of a sem conductor
wafer but is not limted thereto. Surface 18 nay be a sem conductor
substrate, a netallized substrate, a glass substrate and a sem conduct or
devi ce nmounting support. The sem conductor substrate nay be a ceramc
substrate, a glass substrate, a gallium arsenide substrate, a silicon
substrate conprising a single layer of material, such as a silicon wafer
or conprising silicon on insulator (SO) technology and silicon on
sapphi r emgses)at ecHndl 93Ck L HoetrGr AUndosedctsdm ebAdLctdr thancEpFt axi al
| ayer of silicon supported by a base sem conductor, a sapphire substrate
or a subsecatenusédFior #|at tlpardiadh spladys.s Treufiagdr §0bf Liye eFerdkien
shown in the cross section of Fig. 2 have been highlighted with the even
nunber s tifomh28et hapagh ahdneialk) vt ngi2Boht e .1 ayers of etch stop materia
shown in the cross 11 section of Fig. 2 have been highlighted with the
uneven nunbers from 19 through and including 29. Layers 20-29 and 19-29
serve the conventional purpose of layers of insulation and etch stop
mat eri al that raeenappli edtéPfonnects of Figs. 2 through 6 are created

over a surface 18, which preferably is the surface of a

semiconductor wafer but 1s not limited thereto.

Surface 18 may be a semiconductor substrate, a metallized
substrate, a glass substrate and a semiconductor device mounting

support.

The semiconductor substrate may be a ceramic substrate, a
glass substrate, a gallium arsenide substrate, a silicon
substrate comprising a single layer of material, such as a
silicen wafer or comprising silicon on insulater (SO0I) technology
and silicon on sapphire (308) technology, a doped or undoped
semiconductor, an epitaxial layer of silicon supported by a base
semiconductor, a sapphire substrate or a substrate used for flat

panel displays.

The layers of dielectric shown in the cross section of Fig.
2 have been highlighted with the even numbers from 20 through and

including 28, the layers of etch stop material shown in the cross

11




the creation of layers of interconnect netal therein and there- over. The
| ayers of dielectric nunbered in even nunbers from20 through 28 are
preferred to conprise a lowk dielectric material. In the cross section
that is shown in Fig. 2, two |levels of netal have been created,
hi ghlighted as the first level of netal (M) 30 and the second |evel of
nmetal (M) connected by a first interconnect via 31. The |evels of
i nterconnect netal have been conpleted to |evel M2, and not to the final
requi r edsketébnopt MBigsi Ackzvasreshdvimhild dbhedc'éss BBt HBRVOR FIEPeRS |t
is considered preferable to at this tinme, that is after creation of M and
M2 wi th dromoiPespondingaidtercbnmbiect 48.a, the trench 50, shown in cross
section in Fig. 3, is etched through the even nunbered | evers 20- 28 of
| ow-k dielectric and the uneven nunber |ayers 19 through 29 of etch stop
material. 12 The preferred nethod for the creation of the oxide ring
trench 50 is aasfuse-etehy dhe Dxide gdmg tuhenchnivenfawnaaspshowseiaf t he
cross section of Fig. 4, filled with oxide, such as USG or any ot her
materi al 1:4Bat L% PALLDE OGN tHEr&EKi N Y @ ctrha10eeurr gpgeaphl {éSsEses
the creation of layers of interconnect metal therein and there-
over. The layers of dielectric numbered in even numbers from 20

through 28 are preferred to comprise a low-k dielectric material.

In the cross section that is shown in Fig. 2, two levels of
metal have been created, highlighted as the first level of metal
(M1) 30 and the second level of metal (M2Z) connected by a first

interconnect via 31.

The levels of interconnect metal have been completed to
level M2, and not to the final reguired level of M3, since, as
shown in the cross section of Fig. 3, it is considered preferable
to at this time, that is after creation of M1 and MZ with a
corresponding interconnect via, the trench 50, shown in cress
section in Fig. 3, is etched through the even numbered levers 20-
28 of low-k dielectric and the uneven number layers 19 through 29

of etch stop material.

12




when subjected to thermal -nechani cal stress. The deposited oxide is

pl anari zed down to the surface of the top |layer 29 of etch stop,

pref erably appl yi ng net hods of Chem cal Mechanical Polishing (CW). The
process of creating the required |ayers of netal is, after the structure
that is shown in the cross section of Fig. 4 has been obtained, continued
up to, in the exanple shown in Figs. 2 through 5, three |ayers of netal
(MB). Conventional nmethods of creating conductive interconnects are
applied for tHhe pueposesd WﬁRQQQrﬁ?HEQ%% FrER§ion REfghheghtede seldohd
interconnect via 33 and the third level of netal 34. For applications
wher e addrtnohab0l ayex sfwfetait@r.connect are required, the previously

hi ghl i ght ed processing steps are repeated as, by way of exanple, has been
shown in the cross section of Fig. 6. For the cross-section of Fig. 6, a
total of six (Ms) |ayers of netal have been shown. 13 Specifically shown
in the cross sgetbendof rfi@.terafie theod, 088" sapdnpt avibastyo sl seussied: and
even nunbered | ayers 20-28 of dielectric and the uneven nunbered | ayers

|19 29 Ogo%t?gﬁgst@p it & i@ ch Added: t anidrese ayers ane evesr nwrheried
ayers

that is not prone to cracking or to the occurrence of fissures
when subjected to thermal-mechanical stress. The deposited oxide
is planarized down to the surface of the top layer 29 of etch
stop, preferably applying methods of Chemical Mechanical

Folishing ({(CMP).

The process of creating the required layers of metal 1is,
after the structure that is shown in the cross section of Fig. 4
has been obtained, continued up to, in the example shown in Figs.
2 through 5, three layers of metal (M3). Conventicnal methods of
creating conductive intercennects are applied for this purpose,
creating the in Fig. 4 highlighted second interconnect via 33 and
the third level of metal 34.

For applications where additional layers of interconnect are
required, the previously highlighted processing steps are
repeated as, by way of example, has been shown in the cross
section of Fig. 6. For the cross-section of Fig. 6, a total of

six (M6} layers of metal have been shown.

13




di el ectric and uneven nunbered | ayers 61-69 of etch stop material. The

hi ghl i ghted upper layer 71 is a |l ayer of passivation but can equally
conprise a |layer of etch stop material. To conplete the M6 | evel s of

i nterconnect netal, uneven nunbered interconnect vias 35-39 have been
created and even nunbered |evels 36-40 of netal. O significance in the
cross section of Fig. 6 is that layer 52 of oxide, formng a first oxide
ring, has been created as previously discussed, as part of creating the M
| evel s of met &becifacsihi| arowmnierthd et ecéiprePiofisf fharexide ring
52 and the M3 |evel of netal, the M4, Mo and M5 | evels of netal are

creat ed \Wicthri pher pormectis Vy adl s des of extd evesf nupberednhegersnebals Mt Mb
and M6 is interrupted after Mb has been created for the etch for the
trench olliexkdertingn84thdhuseteenchnbscdd |leatkrswlChzéxpdectthestwhi ch the
i nterconnect via 39 and M6 |level of netal is conpleted. 14 It is clear
that thi ©zpe@casSi Rgdsaquentiee eanl besrepeat edrerf anmperpasesyetscoeat t ngt

additional levels of interconnect netal wth corresponding interconnect
Vi as. dielectric and uneven numbered layers 61-69 of etch stop
material. The highlighted upper layer 71 is a layer of

passivation but can egually comprise a layer of etch stop

material.

Te complete the M6 levels of interconnect metal, uneven
numbered interconnect vias 25-39 have been created and even

numbered levels 36-40 of metal.

Of significance in the cross section of Fig. 6 is that layer
52 of oxide, forming a first oxide ring, has been created as
previously discussed, as part of creating the M3 levels of metal.
In similar manner and after completion of the oxide ring 52 and
the M3 level of metal, the M4, MS and M6 levels of metal are
created with interconnect vias. The creation of interconnect
metal M4, M5 and Mé is interrupted after M5 has been created for
the etch for the trench of oxide ring 54. This trench is filled
with oxide after which the interconnect via 39 and M6 level of

metal is completed.

14




Regarding the oxide ring of the invention, the follow ng nust be
enphasi zed: - wafer sawing is, of significance to the invention, to take
pl ace on the side of the oxide ring that is opposite to the side of the
oxide ring that faces the guard ring and the active surface area of the
singulated die - wafer sawing may, of further significance to the
invention, partially or conpletely take place through the oxide ring of
the invention, thus still allow ng the oxide ring of the invention to
serve as a stEéssshalfer betwdeh & B ARSI activriyeard™t kg TePPdutat ed
die - the oxide ring of the invention prevents damage to lowk dielectrics
and to cdppepuirnpeegonhectsatia fdsiimigaal dieviene ofi hpbbatednere nekhke
oxide ring of the invention serves as a protective buffer during thernmal
and nechanittakbosteepsntiesy sisiaws tritretoriides.ri ng provi des a conti nuous
and, when conpared with lowk dielectrics, a stronger nmechanical support
for the lowk dielectrics and the copper interconnects of the
sem conductor die, and 15 - when conpared with the dense | owk dielectric
and copper Regarding the oxide ring of the invention, the following

must be emphasized:

- wafer sawing is, of significance to the invention, to take

place on the side of the oxide ring that is opposite to the side

of the oxide ring that faces the guard ring and the active

surface area of the singulated die

- wafer sawing may, of further significance to the invention,

partially or completely take place through the oxide ring of the

invention, thus still allowing the oxide ring of the invention to

serve as a stress buffer between the sawing activity and the

singulated die

- the oxide ring of the invention prevents damage to low-k

dielectrics and to copper interconnects that form part of the

singulated die

- the oxide ring of the invention serves as a protective buffer

during thermal and mechanical stress tests since the oxide ring

provides a continuous and, when compared with low-k dielectrics,

a stronger mechanical support for the low-k dielectrics and the

copper interconnects of the semiconductor die, and
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i nterconnect traces, the oxide trench has considerably fewer interfaces
that can lead to delam nation or the occurrence of cracking or the
formation of fissures in surrounding layers of lowk dielectric. Although
the invention has been described and illustrated wth reference to
specific illustrative enbodinments thereof, it is not intended that the
invention be limted to those illustrative enbodi nents. Those skilled in
the art will recognize that variations and nodificati ons can be nade

Wi t hout depBfbi AP Ferh Thig! sPid iderste the FndeRERERTIFL21S tHEPef ore
intended to include within the invention all such variations and

nmodi fi catirorscahieht fardcew t Hilie thadscdpensh PRé appendedriel vi Feveand
equi val ents thereof. 16 What is clained is: 1. A nethod for creation of an
oxi de ringtsufroanding: acgualehd ricmgladfard negricconduchor cdier reonpresi ng:
provi ding a substrate conprising sem conductor devices being accessible by
poi nts of:rakechsi eal tkontactapravidediissuoresover surheusdbsy rhtesrsabd

sem conduct or devices conprising a sen conductor die by being surrounded
by a guan@wrkn@ielectric.

Although the invention has been described and illustrated
with reference to specific illustrative embodiments thereof, it
is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will recognize
that variations and modifications can be made without departing
from the spirit of the invention. It is therefore intended to
include within the invention all such variations and
modifications which fall within the scope of the appended claims

and equivalents thereof.
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creating at |east one |level of interconnect netal with corresponding
i nterconnect vias over the substrate aligned with said points of
el ectrical contact; and surrounding the guard ring with an oxide ring
conprising a trench filled with an oxide. 2. The nethod of claim1, the
surrounding the guard ring with an oxide ring conprising a trench filled
with an oxide conprising: performng at |east one trench etch, creating at
| east one trench surrounding the guard ring; performng at |east one oxide
deposi ti &hatf ilFl FrgiPRE 4F° | east one trench; and perforning at |east one
process of Chem cal Mechanical Polishing (CW) for renoval of excess
oxi de. 3.1.TRemsahhddier eraphian eheaxardele diid Sivig cUREdPEdASETRESN
G ass (USG. 17 4. A method for dicing a sem conductor substrate, thereby
creat i ng Singguifatedenempoondier odidi esoragmingi:ng: provi ding a substrate
conprising sem conductor devices being accessible by points of electrical
contact provi gedviinior evenbsthetsubstgats, neacshisemdoanductioridevi besng
conprising a

accessible by points of electrical contact provided in or over

the substrate, said semiconductor devices comprising a

semiconductor die by being surrounded by a guard ring;

creating at least one level of interconnect metal with
corresponding interconnect vias over the substrate aligned with
said points of electrical contact; and
surrounding the guard ring with an oxide ring comprising a

trench filled with an oxide.

2. The method of claim 1, the surrcunding the guard ring with an
oxide ring comprising a trench filled with an oxide comprising:

performing at least cne trench etch, creating at least one
trench surrounding the guard ring;

performing at least one oxide deposition, filling the at
least one trench; and

performing at least one process of Chemical Mechanical

Polishing (CMP) for removal of excess oxide.

3. The method of claim 1, the oxide comprising Undoped Silicon

Glass (USG).
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sem conductor die by being surrounded by a guard ring, said substrate
conprising sawi ng paths, a lateral surface area being avail able over the
sem conductor die separating the guard ring fromthe saw ng paths;
creating at |east one level of interconnect netal with corresponding

i nterconnect vias over the substrate aligned with said points of

el ectrical contact; creating an oxide ring conprising a trench filled with
an oxide over the lateral surface area of the sem conductor die; and

si ngul at Ang®t RBL8EBst P atE Tt % SIS dPEPhy M8 Al g5 'Shg t he
sawi ng paths. 5. The nethod of claim4, the creating a trench filled with
an oxi derewsingheingi ki etd sttt did@ o ithe CSBRITESABEECt or di e
conprising: performng at |east one trench etch, creating at |east one
trench surroupndPrgdine gyuares viale rEfoetiogg saniceasncbne @xydees being
deposition, filling the at |east one trench; and 18 perform ng at | east
one processcotithenbgabo Metchani cal ectRoldashicog t@EWPprbeideedmvabr ofvaxcess
oxi de.
the substrate, said semiconductor devices comprising a
semiconductor die by being surrounded by a guard ring, said
substrate comprising sawing paths, a lateral surface area being
available over the semiconductor die separating the guard ring
from the sawing paths;
creating at least one level of interconnect metal with
corresponding interconnect vias over the substrate aligned with
salid peints of electrical contact;
creating an oxide ring comprising a trench filled with an
oxide over the lateral surface area of the semiconductor die; and

singulating the substrate into semiconductor die by sawing

along the sawing paths.

5. The method of claim 4, the creating a trench filled with an
oxide over the lateral surface area of the semiconductor die
comprising:

performing at least one trench etch, creating at least one

trench surrounding the guard ring;
performing at least one oxide deposition, f£illing the at

least one trench; and
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6. The nethod of claim4, the oxide conprising Undoped Silicon @ ass
(US@. 7. The nethod of claim4, the singulating the substrate into

sem conductor die further conprising sawing through a part of the oxide
ring. 19

performing at least one process of Chemical Mechanical

Polishing (CMP) for removal of excess oxide.

6. The method of claim 4, the oxide comprising Undoped Silicon

Glass (US3G) .

7. The method of claim 4, the singulating the substrate into

semiconductor die further comprising sawing through a part of the

oxide ring.
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