POLYMER ENCAPSULATED DI CI NG LANE (PEDL) TECHNOLOGY FOR Cu/ LOW ULTRA- LOW k
DEVI CES BACKGROUND OF THE I NVENTION (1) Field of the Invention The present
i nvent i onwoeb@tmassi3o net hods used to fabricate sem condectrsG2eswoeas and
packages, and nore specifically to a nmethod used to protect the copper

i nterconnects and |ow dielectric constant (low k) materials of the

sem conduct or devi ce during subsequent dicing, interconnection processes
and further packagi ng procedures. (2) Description of Prior Art To increase
sem conduct or device performance or to decrease resistance - capacitances

(RC) del ay the spaiofnthleNeAPNAUSTETY DIGNG EANE(PEDN) Ng copper as an
i nterconnect material replacing nore resistant alum num based structures,

whi | e enpl oyi ngTRCENEOFQGYE FOR/CwE O AR TRA-6MY kEYK&ES i ¢ constant than
silicon oxide to replace higher dielectric constant materials. The presence
of low k layers, resulting in decreased capacitance, however inherently

presents | ower nechani galcregroUND ORITHER BOVENTION han t he hi gher k, silicon
oxi de layers. Therefore low k | ayers present in sem conductor devices can
present yield as well as reliability vulnerabilities in terns of
interfacial,d .nation and cracking which can occur in the low k | ayers
as a r@gulletld?)‘fthguvglgtéolflent sem conduct or devi ce or packing procedures, For

exagipl e t heThd pRscbiifpeption edsicoto tethoes sedgosfabidete kahicenductobdeyisesof a
sem conductor chip to an underlying ﬁackage as well as the.dicin
)
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10 (2) Description of Prior Art
To increase semiconductor device performance or to decrease resistance -
capacitances (RC) delay the semiconductor industry has been employing copper as an
interconnect material replacing more resistant aluminum based structures, while employing
dielectric layers with a lower dielectric constant than silicon oxide to replace higher
15  dielectric constant materials. The presence of low k layers, resulting in decreased
capacitance, however inherently presents lower mechanical and thermal stability than the
higher k, silicon oxide layers. Therefore low k layers present in semiconductor devices can
present yield as well as reliability vulnerabilities in terms of interfacial delamination and
cracking which can occur in the low k layers as a result of subsequent semiconductor device
20  or packing procedures. For example the flip chip process of conmecting solder balls or
bumps of a semiconductor chip to an underlying package, as well as the .dicing procedure
used to separate individual semiconductor chips from a completed semiconductor substrate,
can result in undesirable phenomena such as adhesion losses between copper and the low k
layer, as well as micro-cracking of these same materials. To enhance the mechanical
25 strength of these materials undoped silica glass (USG) layers have been formed on the
underlying low k layers and copper intercdnnect structures allowing these structures to more

adequately survive subsequent processing procedures, however the presence of the higher k,



strength of these materials undoped silica glass (USG |ayers have been
formed on the underlying | ow k | ayers and copper interconnect structures
al | ow ng wbes&/@mi41act ures to nore adequately survive sulpseseeots/opsasessi ng
procedures, however the presence of the higher k,USG | ayers increase
parasitic capacitance thus reducing the performance benefit derived with
the use of low k |ayers. The present invention will offer materials and a
process sequence in which the performance benefit of |ow k |ayers and
copper interconnect structures is not conprom sed via the presence of
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of the copper I nterconnect structures are not adversely
i nf | uewitk thedhse ofilpwskibgeguent process steps such as formation of
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nmet hods of fabricating sem conductor devices conprised with Tow k | ayers
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pr ocedur es. THE INVENTION It is an object of this invention to
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redi stribution layer (RDL) and prior to_ a dlﬁ n rocedure. It is still
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POl YL, aterials described in the present invention in which the low k layers and copper
interconnect structures are protected by low k polymer encapsulation during pre-dicing as
well as during dicing procedures.

15
SUMMARY OF THE INVENTION |

It is an object of this invention to fabricate semiconductor devices comprised with
copper interconnect structures and low k insulator layers.

It is another object of this invention to form polymer layers to encapsulate the copper

20  interconnect structures and low k insulator layers prior to formation of a redistribution layer
(RDL) and prior to a dicing procedure.

It is still another object of this invention to form a dicing scribe lane in the polymer
encapsulated layer, in the low k insulator layer, and in a top portion of the semiconductor
substrate, prior to a final dicing procedure.

25

In accordance with the present invention a method of protecting semiconductor
components such as copper interconnect structures and low k insulator layers from
subsequent fabrication processes and from a subsequent dicing procedure, via use of an

overlying polymer encapsulation layer, is described. After formation of copper interconnect



encapsul ated | ayer, in the low k insulator layer, and in a top portion of
the sem conductor substrate, prior to a final dicing procedure. In

accor dancwowddnsidie present invention a nethod of proteecTsg2esmaanduct or
conponents such as copper interconnect structures and | ow k insul ator

| ayers from subsequent fabrication processes and froma subsequent dicing
procedure, via use of an overlying polyner encapsul ation |ayer, is
described. After formation of copper interconnectstructures a |ow
dielectric constant (low k) insulator layer is deposited then subjected to
a pat t &hRRS PlRCEHRESC BnRIRIRS HORsNNGE 1:985isep6hRRThed GbRRARGACT
structures. A first photosensitive polfymer | ayer is next applied and
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performed in the dicing'lane resulting in separation of the flip chip
devi ceghotesensitisrpodwhetdayeb axposingjaertiparf tietppstgace of the first RDL structure

in the flip chip region of the semiconductor substrate. A solder ball is placed in the opening

15 in the second photosensitive polymer layer with a subsequent reflow procedure resulting in
the solder ball interfacing and overlying the exposed portion of the first RDL structure. A
dicing procedure is now performed in the dicing lane resulting in separation of the flip chip

devices from non-solder ball, wire bond devices.

20 BRIEF DESCRIPTION OF THE DRAWINGS
The object and other advantages of this invention are best described in the preferred
embodiments with reference to the attached drawings that include:
Figs. 1 - 10, which schematically in cross-sectional style show key stages employed to
fabricate semiconductor devices comprised with copper interconnect structures and low k
25 layers, featuring polymer encapsulation layers used to protect key components of the

semiconductor device during specific processing steps such as dicing.



BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ect and ot her advantages of this
i nvention are best described in the preferred enbodi nents with reference to
t he attaowedo@vmwiiags that include: Figs. 1 - 10, whi chpsthlenwisiooasby in
cross-sectional style show key stages enployed to fabricate sem conductor
devi ces conprised with copper interconnect structures and |ow k | ayers,
featuring polyner encapsul ation |ayers used to protect key conponents of
t he sem conduct or device during specific processing steps such as
di ci ng. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The nethod of fabricating a
sem conduct or devhEECRATAONSGE THE DIENBOSRNREES Struct ures and | ow
k | ayers featuring polynmer encapsul ation [ayers used to protect the key
conponents of the sem conductor device during specific processing steps

be described in detail.. Sem conductor substrate 1,
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capacitors. These .elenents faormed via front end of .the line.(FE as well
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| ocat egsdniot fiBvilie b Bhh1agiBed Ehis e Mk GoRGuEcally Shled itPes. 11. Reditdndnctdd, of
sem conductor substrate 1, will be used to fabricate devices which wll
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of sem.conduct or, substrate, 1 1] d | .ces which
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to fabricate devices which will require wire bonding for subsequent external connection,

while portion 30, of semiconductor substrate 1, will be used to fabricate the devices which
15 will experience a flip chip external connection necessitating the use of solder balls.
Insulatorylayer 3, a layer such as silicon oxide, is first formed via chemical vapor deposition
procedures at a thickness between about 1,000 to 30,000 Angstroms, followed by
photolithographic patterning and etching procedures used to form openings in insulator layer
3, exposing conductive regions in semiconductor substrate 1. Copper interconnect structures
20 2a, to be used in the fabrication of semiconductor chips requiring wire bond applications,
and copper interconnect structures 2b, to be used in the fabrication of semiconductor devices
targeted for flip chip, solder ball applications, are next formed in openings in insulator layer
3, overlying and contacting the conductive regions of MOSFET, resistor, or capacitors
elements on, or in semiconductor substrate 1. Copper interconnect structures are obtained by
25  initial formation of a copper layer at a thickness between about 1,000 to 30,000 Angstroms,
via CVD or electroplating procedures, followed by photolithographic masking and dry
etching procedures such as reactive ion etching (RIE), using Cl; as an etchant for copper. If
desired a tantalum or tantalum nitride layer can be formed via CVD or via physical vapor

deposition (PVD) procedures, prior to formation of copper, to be used as a barrier layer to



3, exposing conductive regions in sem conductor substrate 1. Copper

I nterconnect structures 2a, to be used in the fabrication of sem conductor
chi ps reqguonrbew4nise bond applications, and copper i ntePCOSGREIS/08d345ICt Ur €S
2b, to be used in the fabrication of sem conductor devices targeted for
flip chip, solder ball applications, are next formed in openings in

I nsul ator |ayer 3, overlying and contacting the conductive regions of
MOSFET, resistor, or capacitors elenents on, or in sem conductor substrate
1. Copper interconnect structures are obtained by initial formation of a
copper_ l.ayer,.at .a . FERAs R t , via
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etchant for c%Pper. If desired a tantalymor tanfalummnitride |ayer can be
f or me@rageduIey/ lk?rfewté’f&ﬁé’%%ﬂ’m%"élb‘&?s IH¥HELREG Hst‘@\’?b)n %go edures, prior to
formation If%fw € ARRBhor faferl auﬁgé} f8h 3s RYAfoLE! silRYRf0AP (ABEOY lor adhdrC ent
materi al s Trom copper poisonihg. Renoval of the masking photoresist shapes
used tporadefsiliva, ishaext dpmesd eitttee vzospisen ot viactWPeprocedusse ghpl thiskaeksvi a
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such as

hydr ogghsisitheeren hsbe@ne 3( HRQblitbgApRie AR UBLSCHEhE prodedurds sielis feadtived ei t her
via spin-on or via CVD procedures, at a thickness between about 1,000 to

20, 00Gor\etpbingoaE. aghipvenkplpyed ib fomm openjegs 3, anddbyielovak dnsilaien Jayer bonst ant
bet ween about 2 - 3. Photolithographi n tehi such as
react i¥BYoh PR IR 8580%’6&“}} SHPTGY et r%%gg%%%% %@e%‘?nglgeoggég%n 5b, in
| opy 'k ﬁr&b%iel{lr%ti%elécﬁy&g pérforeA@Sing CHF ;108 CHR @ & echak faxdpp drinsubdter lagernect s

structures 2a, and 2b. The dry etching procedure is se| ective‘lﬁg p%.rforrred
usi ng 4cHAt: the duyreichaayoeadurerseleatively rminatingatiths yrsegres ofyihs o SUPGEPL he dry

etch pro Cc%déérrein&,?éo%ﬁ&jt Vet RepRlhingr %féentgil&o%ﬁ? ahseul fhgert@p surface

of the cop I'nterconnect structures. val of the photoresist shapes
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ashi ngof%rleos(e: %90%2 usrés i-srgc ell;lgtslclzjezlllgr shown in Fig. 2.

15 To minimize damage to low k insulator layer 4, and to the copper interconnect
structures during subsequent processing sequences a protective polymer layer is formed
overlying these materials. First polymer layer 6, a photosensitive, low k layer such as
benzocyclobutene (BCB), is applied at a thickness between about 2,000 to 20,000
Angstroms. First polymer layer 6, comprised with a dielectric constant between about 2.5 -

20 2.8, will provide the same protection to underlying materials as higher dielectric constant
materials such as silicon oxide, however without the additional capacitance which would
result from overlying silicon oxide layers. In addition the photosensitive characteristic of
first polymer layer 6, with the BCB example being a negative photosensitive material,
allows unexposed portions of the BCB layer to be soluble in developer solutions. Removal

25 of unexposed regions of first polymer layer 6, allows portions of openings 5a, and 5b, to be
reopened again exposing portions of the top surface of the copper interconnect structures. In
addition this procedure also results in opening 7a, in first polymer layer 6, exposing a

portion of the top surface of low k insulator layer 4, in an area in which a dicing lane will be

formed. The result of the above procedures is schematically shown in Fig. 3. If desired first



of these procedures is schematically shown in Fig. 2. To m nim ze danmage to
|l ow k insulator layer 4, and to the copper interconnect structures during
subsequenvopnEeESABNG Sequences a protective pol yner | ayer/sicrodseoesasl
overlying these materials. First polyner |ayer 6, a photosensitive, |ow k

| ayer such as benzocycl obutene (BCB), is applied at a thickness between
about 2,000 to 20,000 Angstrons. First polynmer |ayer 6, conprised with a

di el ectric constant between about 2.5 - 2.8, will provide the sane
protection to underlying materials as higher dielectric constant materials

such L [ W tJrous I & 1.0 It whi ch
woul o PRI (ARP 6 et o B e e B B R AP
phot ogehsiille bsed hatetialser i stic of first polynmer |ayer 6, with the BCB
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to be reopened again exposing portions of the'top surface of ‘the copper
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7a, in first. polyner.| r.o6,, exposi a rtipn of t t op. surface of | ow
€ neds asopot gt for P indytaGr PR AR ThoL Bl sl RnsARiRaSERR g The
resul toQfiratd €, ARKVEdiRIHRCIRRLITEStol Be AEHRARIELEADOYMSNQWBr 6 af @]l & thef desired
firstpolyner layer 6, can also be conprised of other photosensitive pol yner

| ayer expesch pagiops bl penper intesenninegisartares wegpesiictlied i theseleptivgrdrpsichner | ayer

6, Is next. subjected to a selective et .. al: 1 ormation
of i A oh s e S e SR AR Srie By U s RS ™0
s e e Ctds endhslicd) heseibine§révediieaan alsb dsesedto delissdivingdanedbch procedur e,

using CHF or CF4 as a selective etchant for low k | nsi)ul tor | ayer 4, for
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of copper 1nt el%?onnect structu were not etched 1n the selective dry etch
conductive layer, defined as a redistribution layer (RDL), comprised of an underlying

chromium, titanium or other metal component and an overlying nickel, copper or gold
15 component, is first deposited via PVD procedures at a thickness between about 1,000 to
50,000 Angstroms. The metal RDL layer can also be prepared or deposited by electro or
electroless plating procedures. Photolithographic and dry /wet etch procedures are then used
to selectively define RDL shape 8a, on a portion of the top surface of first polymer layer 6,
and on a portion of the top surface of copper interconnect structure 2a, in addition to
20  defining RDL shape 8b, on a portion of the top surface of first polymer layer 6, and on a
portion of the top surface of copper interconnect structure 2b. The selective dry etch
procedure is accomplished using Cl, as a selective etchant for the RDL layer, with the dry
etch procedure terminating at the appearance of the top surface of first polymer layer 6. In
addition the dry etch procedure re-opens dicing lan¢ 6, with any over-etch resulting in
25  additional removal of semiconductor substrate material exposed in dicing lane 6. The
photoresist shapes used to define the RDL shapes are removed via plasma ashing or
photoresist stripping procedures. The result of the RDL shape definition procedure is

schematically shown in Fig. 5.



procedure. If desired a selective wet etch using a buffered hydrofluoric
acid solution, as well as a nechanical prescibing procedure, can al so be
used to dedi2oe/diaadng | ane 7b. For subsequent use with golrderodzabasfor
flip chip or for wire bond applications, a conductive shape is fornmed to
subsequent |y accommodate the sol der ball or wire bonds. A conductive |ayer,
defined as a redistribution [ayer (RDL), conprised of an underlying
chromium titaniumor other nmetal conponent and an overlying nickel, copper
or gold conponent, is first deposited via PVD procedures at a thickness
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prepared o ro-or ectroless plating pr cedures
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any o etc g I n additional renoval Seni conduct or Substrate
mat er |sallubkex1pmxm1ﬂed ponhous o stend pelynikndaysh & dr @sdeélﬁloﬁﬁa%s%lﬁm&s edhis ds def i ne

t he sha re [ d via plasma ashing or photoresist stripping
proc%@?ﬂgﬁﬁé e‘?gog the RDL shape definition procedure is

sclgemat i c alSl)Mels BQIMT 14, Neomised wHBCO A d HREHQS 6P $dalli i@ @mhposition] Byten 9, agai n
a material such as benzocyclobutene (BCB) IS applled at. a %&lckness

bet weeimomb@m placeb i £dogaion CUCAYIBS P HHES 18cansh kyimgnpqrtipns o thg 1R onpr i sed
Y e T
proc ed:lydileﬁs ast fpetfitmed at a temperature between about 150 to 300° C, in a reducing gas
ambient, allowing reflowing of the solder ball to occur, resulting in reflowed solder ball 11b,
15 now intimately interfacing the portion of top surface of RDL shape 8b, exposed in opening
10. The affinity of solder for conductive RDL surface allowed solder to de-wet from
polymer surfaces and wet only to the exposed portion of RDL shape 8b. This is
schematically shown in Fig. 8. Separation of semiconductor substrate region 30, comprised
with the solder ball, flip chip features, from semiconductor substrate region 20, which will
20  subsequently experience wire bonding procedures to RDL shape 8a, is next accomplished
via dicing procedures, performed through second polymer layer 9, in dicing lane 7b. Scribe
line 12, used to separate the completed semiconductor chips is schematically shown in Fig.
9.
When region 20, of semiconductor substrate la, is to be used for devices
25  accommodating wire bonds, the procedure previously described to define opening 10, in
second photosensitive polymer layer 9, is also performed in region 20, to form opening 40,
in second photosensitive polymer layer 9. This can be accomplished either during, or after

the definition of opening 9, in region 30, of semiconductor substrate la. Wire bond structure



polymer layer 6, and via a low dielectric constant will result in only a
m ni mum of additional device capacitance. After UV exposure through
openi ngs wo 2806aa1adi um phot ol i t hogr aphi ¢ pl at e openi ng 2OT/SGods@eBasl i n
second polynmer layer 9, via renoval of the sol uble unexposed portions of
second polyner layer 9, in a devel oper solution. This is schematically
shown in Fig. 6. Solder ball 1la, conprised with a | ead bearing or |ead
free conposition, is then dropped or placed in a |ocation overlying opening
10, and overlying portions of the top surface of second polyner |ayer 9.
Thi s i %gﬁﬂ@g' Y [ [ t; r RDI Spdiead
perfo?%ég) a Pﬁ%%g;g?ﬁ?@ﬂﬁg?ﬁggﬁng%gﬁ@*fﬁ@ﬂﬁgﬁgg%?gfﬂﬁﬂ a ?%ducing gas
anbi eatposed Inopienigg Hef Thivisrghehatichidy stwiwaein Bi@l10. t o occur, resulting in

refiowed sqlder bhall 1lb, now intimgtely interfacing th tion of top

surface of 0\@6 thispeion hag S%Hartl”q%%égﬁoﬁ”dl Tﬁf gefﬁ%gegf‘?’ﬁlﬁ?%m% “Qol der for

conduglel ¥@rdRiolt eatHoliRttshbRYET: $All B8 urldersBRd It thbssidal #eie Atthaces and

wet only to the exposed portion of RDL shatget . This is schematically
puig

b
shewn vamousi ghangss iSdpan and detads mew hecoadru®E depextingt feom ¢bg epiriBend conpri sed
with the sglder ball, flip chip features, from sem conductor substrate
regi ofi°?®§° RH?EW“&F?I subsequent |y experience wire bonding procedures to
RDL shape 8a, is next acconplished via dicing procedures, perforned through
second polyner layer 9, in dicing |lane 7b. Scribe line 12, used to separate
t he conpl eted sem conductor chips is schematically shown in Fig. 9. Wen
regi on 20, of sem conductor substrate la, is to be used for devices
accomodati ng wire bonds, the procedure previously described to define
opening 10, in second photosensitive polyner layer 9, is also perfornmed in
region 20, to formopening 40, in second photosensitive polyner |ayer 9.
This can be acconplished either during, or after



the definition of opening 9, in region 30, of sem conductor substrate |a.
Wre bond structure50, conprised of gold or of other netal conponents, is
t hen f or me0 2006/04lpa3RDL portion exposed in opening 40. Tiecs/scosobeartical ly
shown in Fig. 10. Wiile this invention has been particularly shown and
described with reference to, the preferred enbodi nents thereof, it wll be
understood by those skilled in the art that various changes in form and
details may be made w thout departing fromthe spirit and scope of this
invention.What is clainmed is: 1. A method of packagi ng sem conduct or

devi c a{thhh&pmchip and wire bond applications, conprising the steps of:
provi ding a sem conductor substrate conprised with micro-electronic

el enents wherein a first region of the sem conductor substrate is to be

used for wire hond applications while _a second regiagn qf the.sem conductor
subst bt éwlthé’dtogpb‘é‘a 8 deTpiGPn F’iobyi\%ﬁ‘?eﬁ f icg’é’tqng re 05@ ﬁp?}bcagogsf rst copper

i nter &5@%{ Hkk M4re on a portion of said first region of said
2 ctor o

sem con substrate, and form ng a second copper interconnect structure
ons a port i prvidingsasethi®adurior subsgjiaterconfprised with anrrooslgeicméy clemens rat e; forni ng

a low dielectric constant (o | ayer o ai d m ¢ tor substrate,
wi th Wg%%@%t Al ?fltﬁ%%“écq“g'g}%%r S&%%%? ﬁg" §e B%erdtst? Evr%’lrgg S’%{Pt op surface of
sai d 5@1&5&&@9@@1@ alsBERH GREST th SeitiSdrdueroR Rbs @B @Siong usedofor flipashipf a t op
surface of said second copper interconnect structure; formng a first

pol ynepplicatjens: wi t h openings in said first polymer layer exposing a portion
por 1 on of Rt 4 55 SapfanEeh R b e L et ur e
f Qp M BgnRBndic@ Bghstrad gandFemiinga bdosdbabpbt instrequabgtwancthayera, in said | ow k
| ayer pc?rl;]i?)nlorf] said second region of said semiconductor substrate;
forming a low dielectric constant (low k) layer on said semiconductor substrate, with
openings in said low k layer exposing a portion of a top surface of said first copper
interconnect structure and exposing a portion of a top surface of said second copper
15 interconnect structure;
forming a first polymer layer with openings in said first polymer layer exposing a
portion of said top surface of said first copper interconnect structure and a portion of said
top surface of said second copper interconnect structure;
forming an dicing lane opening in said first polymer layer, in said low k layer and in
20  atop portion of said semiconductor substrate located between copper interconnect
structures;
forming a first conductive shape on said exposed portion of said first copper
interconnect structure and forming a second conductive shape on exposed portion of
said second copper interconnect structure;
25 forming a second polymer layer;
forming an opening in said second polymer layer exposing a portion of top surface

of said second conductive shape;

forming a solder ball in said opening in said second polymer layer; and



a top portion of said sem conductor substrate |ocated between copper

i nterconnect structures; formng a first conductive shape on said exposed
porti on oVoaiah4i418Sst copper interconnect structure andpCosezog/0a03aecond
conductive shape on exposed portion of said second copper interconnect
structure; formng a second polyner |ayer; formng an opening in said
second pol yner |ayer exposing a portion of top surface of said second
conductive shape; form ng a solder ball in said opening in said second
pol yner |ayer; andseparating said first region of said sem conductor

Al L AMRALH AET B G BlooR Al b AREL AN LN BT LLREE. 2. The

met hod of &PalA rei®n sai ectronic e enents o

sem CQRei€ tekicsudbsor atberaé.e netal oxi de sem conductor field effect

transi stors (MOSFET) devices, resistors and/or capacitors. 3. The nethod of
claim1l1, wherein said copper interconnect structures are defined froma

Coppern, Jl" aibd 1, Ce ik S2i@BE@b RRG kiR R MCHsaid 3BRIcofRRRS! L1 On (CVD)

or V|a e ropbﬁglng ‘procedures at a %lckness bet ween about 1,000 to

30 ,SOOQuB&ﬁg&tarmstal dkideTdemicomtihao fidld effedt maﬂslstWSQMOSFFélélddvlc@pmlstors
|nterconnect structures are defined froma copper layer via a reactive ion
et chi MgYerFaRCi9fBcedure using A2 as an etchant for copper. 5. The method
of claim1, wherein said low k |ayer is a hydrogen silsesqui oxane (HSQ or
a non-porous silica layer, fornmed either via spin-on or via CVD procedures,
at a thThkmetsd betlaeh veiroeit sdid 6QPet ML2GIDOS sanefuras oresdefiged frpra anet hod of
;lbglu{n c%pge\g? 5 rCI'e\;V Pnemgrl 12 I0 t%}nreld (\:nac %Qr%&caa xt/ap%]; déspaésglon?%) |09¥ I's between

10 electroplating procedures at a thickness between about 1,000 to 30,000 Angstroms.

4, The method of claim 1, wherein said copper interconnect structures are defined from a

copper layer via a reactive ion etching (RIE) procedure using Cl; as an etchant for copper.
15 5. The method of claim 1, wherein said low k layer is a hydrogen silsesquioxane (HSQ) or a
non-porous silica layer, formed either via spin-on or via CVD procedures, at a thickness

between about 1,000 to 20,000 Angstroms.

6. The method of claim 1, wherein the dielectric constant of said low k layer is between

20  about 2 to 3.

7. The method of claim 1, wherein said openings in said low k layer are formed via a dry

etching procedure selectively performed using CHF3 or CF; as an etchant.

25 8. The method of claim 1, wherein said first polymer layer is a photosensitive, low k layer

such as benzocyclobutene (BCB).

9. The method of claim 1, wherein said first polymer layer is a BCB layer applied at a
thickness between about 2,000 to 20,000 Angstroms and comprised with a dielectric

10



7. The nethod of claim1l1l, wherein said openings in said |low k |ayer are
formed via a dry etching procedure selectively perfornmed using CHF3 or CF4
as an et oenves/B1413he net hod of claim 1, wherein said fiPCsiSGalsyn®sus| ayer
is a photosensitive, low k |ayer such as benzocycl obutene (BCB). 9. The

met hod of claim1, wherein said first polyner |layer is a BCB | ayer applied
at a thickness between about 2,000 to 20,000 Angstronms and conprised with a
di el ectricconstant between about 2.5 - 2.8. 10. The nmethod of claim1,
wherein said dicing lane is opened via selective etch procedure such as a

| aser h,@r ocedure using CHF3 or CF4 as a sel ective etchant
for sé? st 3aﬁﬁﬁ?%g%wg?§rzﬁayer. 11. The method of claiml, wherein said

first conductive structure and sai d second conductive structure are

conposite stryctures conprised of an _underlying.chrom um conpopent and an
over | innEh%E‘ﬁ‘g‘@ﬁg Oﬁ?lalﬁb%g"%@’(ﬂﬁ) ficmgfane l?ﬂggq?ag’%ﬁ[eﬁfmﬁc?tﬁ]? Aot her ei n sai d

second,, pok Y Bter bAYREmd @ry%tcﬁ%ée@ﬂ% hsiRBRIHISGr &F, gs } BiediResrngtyyeen about

2,000 to 20,000 Angstrofrs and conprised with a dielectric constant between
absut s2iddow Kin8ilatdJayefhe nmet hod of claim 1, wherein said solder ball is of
a |l ead bearing or lead free conposition. 14. A nethod of packagi ng

sem conduct or devices for flip chip and wire bond applications wherein

coppert 1l ThemeABASELant 1, Wttt Said st LR ffilbhur& artdOAst #Bénd( | ow k) |ayers
are protected via the enploynent of polyner |ayers, conprising the steps

of : preonihefitivg stucswerrscatinesiisstractbess camprizadms eh saderhingchsereiua el ect roni ¢
el ement s mherei% a first re ion(g% t he sepiconductor substrate is to be

used fSPPRRMFE 2l %O‘éeblﬁﬂn%%lh L otgold cormponen

Sécond regi on of the sem conduct or
sulgstrate is to be used for flip chip

12. The method of claim 1, wherein said second polymer layer is a BCB layer applied at a
thickness between about 2,000 to 20,000 Angstroms and comprised with a dielectric
constant between about 2.5 - 2.8.

15  13. The method of claim 1, wherein said solder ball is of a lead bearing or lead free

composition.

14. A method of packaging semiconductor devices for flip chip and wire bond applications
wherein copper interconnect structures and low dielectric constant (low k) layers are
20  protected via the employment of polymer layers, comprising the steps of:
providing a semiconductor substrate comprised with micro—electronic elements
wherein a first region of the semiconductor substrate is to be used for wire bond
applications while a second region of the semiconductor substrate is to be used for flip chip
applications; '
25 forming a copper layer;
performing a patterning procedure to define a first copper interconnect structure on a
portion of said first region of said semiconductor substrate, and to define a second copper
interconnect structure on a portion of said second region of said semiconductor substrate;

forming a low dielectric constant (low k) layer;

11



applications; formng a copper |ayer; performng a patterning procedure to
define a first copper interconnect structure on a portion of said first
regi on ofweavbeb/@enmsconduct or substrate, and to defi ne aprsescaasposr

i nt erconnect structure on a portion of said second region of said

sem conductor substrate; formng a |low dielectric constant (low k) |ayer;
formng openings in said | ow k | ayer exposing a portion of a top surface of
said first copper interconnect structure and exposing a portion of a top
surface of said second copper interconnect structure; formng a first

urface of said second copper inter -
polyor 1 g SheRBL Thy A LR A% R pPLapHRL OO U Ve

I nt er egypre titersdrnbCiistti@uretadd exjosig adopiont dfanopiurfap of suid secendéoppad d second
copper interconnect structure, and to expose a portion of top surface of
sai d HMBGICRMCEREEUCIUES, 5 r egi on | ocat ed between said first copper interconnect

structure and.sal .5 q Slvndifponnect structure; formng a dicing
| ane in portio o?rssgrlﬁ)g&gr(l)s\%v%%l 3’%&? éyﬁd in an underlying top portion of

s ﬁ's d sem cGorching q:l“eningbimltsahltf&stq»vk\lhpmsmsitiw r15:&11]/11@;1; dayen® dxpossa mhrtion aft

phot osensi {i ve, pol yner | ayer, erein the opening is | ocated between said
first tQPo%‘ﬁ’f@Fe ?f}ﬁa&%éﬁﬁ?é I ORI UG S0F °§%%8?}6‘°88g£%’r9“&?&6é’ connect
str uc%é‘l&%écofng I BhPd irferfdrnddt shB@ins! drldRy bk SUie 8 BBRRNQAT tPhifaxBRaRdowOr ti on of
said first copper Interconnect structure and formng a second

redi skdayenin oregahdpatadbetyeon sad fipo coppsn intéreenmieet ssmevrandspideecandt er connect
structure; .form ngt §_Hsecpnd phot osensitive polyner |ayer; formng an

openi AEPHEH EH L SR Shot osensi ti ve pol yner |ayer exposing a portion

10 forming a dicing lane in portion of said low k layer and in an underlying top portion
of said semiconductor substrate exposed in an opening in said first photosensitive polymer
layer, wherein the opening is located between said first copper interconnect structure and
said second copper interconnect structure;

forming a first redistribution shape on said exposed portion of said first copper

15 interconnect structure and forming a second redistribution shape on exposed portion of said

second copper interconnect structure;

forming a second photosensitive polymer layer;

forming an opening in said second photosensitive polymer layer exposing a portion
of top surface of said second redistribution shape; '

20 placing a solder ball in said opening in said second photosensitive polymer layer,
with said solder ball overlying said second redistribution shape;

performing a solder ball reflow anneal procedure; and
performing a dicing procedure in said dicing lane to separate said first region of said
semiconductor substrate from said second region of said semiconductor substrate.

25

15. The method of claim 14, wherein said micro-electronic elements of said semiconductor
substrate are metal oxide semiconductor field effect transistors (MOSFET) devices, resistors

and/or capacitors.

12



of top surface of said second redistribution shape; placing a sol der bal

in said opening in said second photosensitive polyner layer, with said

sol der bakb 2006anha18Ng sai d second redistribution shape; ppgrsicasosionggsn sol der
ball reflow anneal procedure; and perform ng a dicing procedure in said
dicing lane to separate said first region of said sem conductor substrate
fromsaid second region of said sem conductor substrate. 15. The nethod of
claim 14, wherein said mcro-electronic elenents of said sem conductor
substrate are netal oxide sem conductor field effect transistors (MOSFET)

devi c ggb'gr%esnsl%t%&) 5P clginmdgg (vhgt%gqasﬁidtcgé er%gyer Flﬁ)tﬁﬁéd\gg cﬁgmigél%ﬁ'arlll’ wherein

sai d ayer is obtained via em-cal vapor deposition (CVvD) or via
el ect repdsatdnTVID)ae ethulQsroplbting frbdediares asa thitknessrbetibmutabdytdg®Otto 30, 000
Angstrons. 17. The nethod of claim 14, wherein said patterning procedure
used t38.098ANgEryRs-d first copper interconnect structure and sai d second
copper interconnect structure is a reactive ion etching (RIE) procedure,
using 2 as an etchant for copper. 18. The nethod of claim 14, wherein
saisd [10WT'ke hethed of dlaimn M dvhopirsasi pastesipg presdere ydsdjo dafing stiddirgor ous silica

| ayer, forned either via spin-on or via CVYD procedures at a thickness
bt we SAPBAS I Ero RSB G001 ATGSH FORRET LeOPpE ST Br e 1,
V\hereie%#g% rSEédh}eGuﬁﬂgé%%Qﬁn&Ehaﬁﬁfdi‘cbﬂyér.k | ayer is between about 2 to

3. 20. od of claim wherein sai'd openings in said | ow k |ayer
are formed via a dry etching procedure selectively performed using CHF or

CF4 as _an etchant . 21. The nethod of, clai.m 14 er-£] ' st
phot osléngpef W@°B8fﬁlﬁ’é’? I%A%Feuf %alcglo olfNﬁl “ Igﬁéydrgg%:}h&%%%ggﬁ?%c@cq@&t ene
(BgB) -a non-porous silica layer, formed either via spin-on or via CVD procedures at a thickness

between about 1,000 to 20,000 Angstroms.

19. The method of claim 14, wherein the dielectric constant of said low k layer is between
about 2 to 3.

15
20. The method of claim 14, wherein said openings in said low k layer are formed via a dry

etching procedure selectively performed using CHF3 or CF4 as an etchant.

21. The method of claim 14, wherein said first photosensitive polymer layer is a low k layer

20  such as benzocyclobutene (BCB).

22. The method of claim 14, wherein said first photosensitive polymer layer is a BCB layer
applied at a thickness between about 2,000 to 10,000 Angstroms and comprised with a
dielectric constant between about 2.5 - 2.8.

25
23. The method of claim 14, wherein said first redistribution shape and said second
redistribution shape are composite shapes comprised of an underlying chromium component

and an overlying copper or gold component.

13



22. The nethod of claim 14, wherein said first photosensitive polynmer |ayer
is a BCB | ayer applied at a thickness between about 2,000 to 10, 000

Angst r omswandosmanasi sed with a dielectric constant betweem/sashastioos45 - 2. 8.
23. The nethod of claim 14, wherein said first redistribution shape and
sai d second redistribution shape are conposite shapes conprised of an
under |l yi ng chrom um conponent and an overlyi ng copper or gold conponent. 24.
The net hod of claim 14, wherein said second photosensitive polyner |ayer is
a BCB | ayer applied at a thickness between about 2,000 to 10,000 Angstrons

and c i 4 iz I G §ggy 8. 25. The
nmet hogatg]fcﬂeéﬁ‘g?gn}% %%kﬁ%gigf gﬁ%@éﬁﬁ%g%ﬁgﬁgﬁgﬁmﬁg 558 npr ?agéf:légga ead between
about 18@r ipplibdbatviethighhespbetoeat abmnt2,00tol®t000exmgatvams afd tampiredwiithat per cent .
26. The nmethod of claim 14, wherein said solder ball reflow anneal is

per f ordiRlesirig cogstprthoyesh 4 ‘%Pt@ét'veeén about 150 to 300 C, in a reducing gas
anbi ent .

5  25. The method of claim 14, wherein said solder ball is comprised of lead between about 90

to 95 weight percent and tin between about 5 to 10 weight percent.
26. The method of claim 14, wherein said solder ball reflow anneal is performed at a

temperature between about 150 to 300° C, in a reducing gas ambient.

10
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