WD 02/ 059966 PCT/ US02/ 01861 PLANARI ZERS FOR SPI N ETCH PLANARI ZATI ON OF
ELECTRONI C COVPONENTS AND METHODS OF USE THEREOF This application is a
cont i nuatwornziomopart of U. S. Uility Application entitledPCWiEsopus61 5
Protective Overlayers for Planarization” (no serial nunber assigned as of
filing date) incorporated herein by reference in its entirety. Field of
The I nvention The field of the invention is planarization and el ectronic
conponents. Background of The Invention 10 El ectronic conponents are used

in ever increasing nrHeNaRIVERY BORSPIAETEH PR fg%ﬁ oni ¢ products.
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pads, a 1P ka 0 20 When el ectroni c conponents are reduced in size
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identified and corrected, i f possible, before the conponent is scal ed down
for the BiekokGind 61 BEE hvtnEioRr oducts. \ 25 In order to identify and correct
defects 1n electronic conponents, the conponents, the materials used and
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down and anal yzed. El ectronic conponents are conposed, in sonme cases,

| ayer s dfleatmherpradfists. IE3a0& 500661 BETE LSGAMB 86Hcommercial products are

televisions, computers, cell phones pagers, a palm-type organizer, portable radios, car stereos, or
remote controls. As the demand for these consumer and commercial electronics increases, there
is also a demand for those same products to become smaller and more portable for the consumers

15  and businesses.

As a result of the size decrease in these products, the components that comprise the
products must also become smaller. Examples of some of those components that need to be
reduced in size or scaled down are printed circuit or wiring boards, resistors, wiring, keyboards,

touch pads, and chip packaging.

20 When electronic components are reduced in size or scaled down, any defects that are
present in the larger components are going to be exaggerated in the scaled down components.
Thus, the defects that are present or could be present in the larger component should be

identified and corrected, if possible, before the component is scaled down for the smaller

electronic products.

25 Tn order to identify and correct defects in electronic components, the components, the
materials used and the manufacturing processes for making those components should be broken

down and analyzed. Electronic components are composed, in some cases, of layers of materials,



such as netals, polynmers, netal alloys, inorganic materials or
organonetallic materials. The |ayers of materials are often thin (on the
order of wegsr/Hstsem a mllinmeter in thickness) and del i cat ®CTAS2/Mt8eyr at ed
circuits (ICs) becone snaller and nore advanced as to perfornmance, it is
inperative to increase the density of the conponents on the wafer, while
increasing the speed at 5 which the integrated circuit perforns its
functions. Increasing conponent density requires, anmong other things,
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and | nterconnect Handbook, Second Edi‘tion, aw-H Il (New York), 1997.
Copper ahdmetmsls bhprodiisiindvant age of being di ffusive - diffusing easily and
wi dely through other materials typically used in the fabrication of |Cs,

seriously degradi I rformance. Tq ¢ rol .copper  diffusion intq,the
di el eotr o macerrroobic BERel AT ngfar EPL A rESRRE LD ap bl bl
barri er oigs&lohniSing thek@RfcsiaFB ISt SRS bAEHuRiheN, 48 206 BEcdLpesd tion (or
25 deposition of any "copper-|ike" conductive material) to hinder diffusion

of coppedequateasienttienl condmtivity fov eserint @edizanic qompongs.dwt Fwediengafiensarfilas or
di el ectri. erjal. Once.the layered.materigl | repare it is
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ltolhgrlg; It thn :jo f@uﬂpﬁgl%s@&@%@v&ﬁagm A0ke ¥ anFHeN Akt ol fase @MIstrdnse known in
components: a) copper has the highest conductivity of any metal except pure silver, b) copper is
readily solderable, ¢) copper has excellent corrosion resistance in natural environments. Copper
alloys are also considered excellent alloys for use in electronic components. Harper, Charles A.

20  ed., Electronic Packaging and Interconnect Handbook, Second Edition, McGraw-Hill (New

York), 1997. Copper also has the disadvantage of being diffusive — diffusing easily and widely
through other materials typically used in the fabrication of ICs, seriously degrading IC
performance. To control copper diffusion into the dielectric material, especially if the dielectric
material is porous, barrier materials or layers may be deposited prior to copper deposition (or
25  deposition of any “copper-like” conductive material) to hinder diffusion of copper or another

conductive material into the surrounding material or dielectric material.

Once the layered material is prepared, it is planarized to provide a flat, smooth surface
that can be patterned and etched with the accuracy required of modern IC components. Contact

planarization, such as Chemical Mechanical Planarization (CMP), is known in the art and fully

2



2 WO 02/ 059966 PCT/US02/01861 described in textbooks, such as Chem cal
Mechani cal Pl anarization of Mcroelectronic Materials, by Joseph M

St ei ger waWw0,028spa6n P. Mur arka and Ronald J. Gut man (1997) PCCNB02/mekEs use
of a polishing pad brought into nechanical contact with a wafer to be

pl anarized with an abrasive slurry interposed between the polishing pad
and the wafer. Relative notion 5 (typically rotation) of the polishing pad
with respect to the wafer |eads to polishing of the wafer through
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Pat ent Application 09/ 356,487 and is incorporated by reference herein in
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consi der surface defects and 25 inperfections are influenced
by the plkhareezatd ]Dqu*Bm éﬁmﬂmhm’dmianmtmnd?rod:dsefar@tqlmelt Damaslcalyﬁer in the
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field region. 8§Oﬁq}é%ﬂtv§ M@l&?e'ije@@ ]%T?ear and M. Fury, “A Novel Spin-Etch Planarization

Process for Dual-Damascene Copper Interconnects” in Electrochemical Society Conference,

October 1999, p. 162 ff; and Shyama P. Mukherjee, Joseph A. Levert, and Donald S. DeBear,

“Planarization of Copper Damascene Interconnects by Spin-Etch Process: A Chemical

20  Approach” in MRS Spring Meeting, San Francisco, California, April 27, 2000 and Donald S.

DeBear, Joseph A. Levert, and Shyama Mukherjee, “Spin Etch Planarization for Dual
Damascene Interconnect Structures” in Solid State Technology, March 2000, 43(3), pp 53-60

including all of the references cited in all of the foregoing.

Non-contact planarization suffers from a considerable drawback - surface defects and
25  imperfections are influenced by the planarization process and portions of the condﬁctive layer in
the imperfections or defect are undesirably removed resulting in a dish-like geometry. Dishing is
a common and undesirable side effect of removing the field region conductive layer and the
jbarrier layer overlying the field region. In other words, the polishing or planarization procedure

wears down the tops of the imperfections but also can wear down the crevices of the



.barrier layer overlying the field region. In other words, the polishing or
pl anari zation procedure wears down the tops of the inperfections but also
can wear wWown/059966 crevi ces of the 3 WD 02/ 059966 PCT/ USO2/P0TA502/01861

i nperfections, which results in a surface that contains constant

i nperfections despite applied planarization techniques. Therefore, there
is a need to inprove planarization techniques used in the fabrication of
integrated circuits, such that inperfections and surface defects in the
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surface i's being planarized. Further, it is inportant that the inproved
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nmet hod of planarizing a conductive surface of an el ectroni c conponent may
conprise 20 a) introducing or coupling a protective |layer onto a
conduct Sumn@ayef thdlnwdntiper si ng and planarizing the protective |ayer
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The electronic component contemplated herein can be produced by a) providing a
15  substrate; b) coupling a dielectric layer to the substrate; ¢) coupling a barrier layer to the
dielectric material or layer; d) coupling a conductive layer to the barrier layer; and e) coupling a
protective layer, which planarizers or can be planafized, to the conductive layer. The protective

layer may then be cured to a desirable hardness.

A method of planarizing a conductive surface of an electronic component may comprise
20  a) introducing or coupling a protective layer onto a conductive layer; b) dispersing and
planarizing the protective layer across the conductive layer; ¢) curing the protective layer; d)
introducing an etching solution onto the conductive layer; and ¢) etching the conductive surface

to substantial planarity.

Various objects, features, aspects and advantages of the present invention will become
25  more apparent from the following detailed description of preferred embodiments of the
~ invention, along with the accompanying drawings in which like numerals represent like

components.



components. 4 WD 02/ 059966 PCT/US02/01861 Brief Description of The
Drawings Fig. 1 is a schematic diagram of a conventional damascene netal

i nt er conr@otROsMI6st ruct ure before planarization. Fig. 2 i #Ca/tsohersat i c

di agram of a conventional conponent where the surface is polished 5 and
all inperfections are renoved. Fig. 3 is a schematic di agram showi ng a
conventional |ayered material. Fig. 4 is a schematic diagramof a
conventional |ayered material where the barrier layer is renoved after its

eXPOSUr B -RY DIHRSAHESHTIY BRAYIngat | on al ong with renoval of sufficient
conduct_é—‘le ve materral or rayer to retain coplanarity of the metal-filled
feature and ?1%‘?:1'%% Edtemak0 dfalofhm 8f 4 Sorf RGBT BAh S AERM A cAmeede NPl at ed
enbodi ment o e present invention. Fig. 6 is a schematic diagramof a

cont enpktatctde bafooeiplannizabbnt he present invention. Fig. 7 is a graph
showi ng the Degree of Planarization versus the Feature Size in

m croneters. _15_Detail ed .Description Prior art Fiqure.1 ows.a sch tjc
di agr am of aF]é:’o?l%%fthﬁﬁFlggﬁﬁﬁérgBh%C(?Pé’teﬁ"ilonaiﬁ?rﬂlr’%r%ﬁ{]géﬁegﬂe %Ffaﬁ%fstﬁoi{gﬁ%df ore
pl anari I FEIPals qsubstrate layer 110, b) a dielectric

mat er i aéﬁfc)érlpﬁna@er iz coﬂ%%oé% to the substrate |ayer 110, c) a barrier

| ayer 130 coupled to the dielectric layer 120 and d) a conductive |ayer

140 coupl ed Fig. 8hea behematic diagyeen sBOng Thpsvenyipeal ddyeol amialnt i onal
i nt erconnection structure mght be found in several types of typical

el ectronic onponents. The.dielectric terial qr layer ,120.in Figure .1 is
usual |y pattglrgiqus By*© Q@Hﬁlﬁtfﬁéaén gﬁ%ﬁo%ﬁ%ﬂ%ﬁ)ia‘é{tﬂi@?%ﬁ?‘iﬁ ,ereatﬁlargﬁjl%grraé'er s

et chi ngyer(NQl @fter IREABERE by Asle§6drt blaniBRioh Alonganith revbpst dutficiedtayer " are
intended to be used inter cKangeabI y throughout this disclosure). The

barri er comipetivedBotedisl ordayey o madih popleprrsy vethe anetaliidlqdafeatorannd digledtdet ri ¢

foll owed by deposition of the conductive |ayer 5 WD 02/059966

PCT{&JSOZ/ 0189

E'g. 5 is a schematic diagram of a contemplated embodiment of the present invention.
Fig. 6 is a schematic diagram of a contemplated embodiment of the present invention.

Fig. 7 is a graph showing the Degree of Planarization versus the Feature Size in

micrometers.

15  Detailed Description

Prior art Figure 1 shows a schematic diagram of a conventional damascene metal
interconnection structure before planarization comprising a) a substrate layer 110, b) a dielectric
material or layer 120 coupled to the substrate layer 110, c) a barrier layer 130 coupled to the
dielectric layer 120 and d) a conductive layer 140 coupled to the barrier layer 130. This type of

20  conventional interconnection structure might be found in several types of typical electronic

components,

The dielectric material or layer 120 in Figure 1 is usually patterned by techniques such as
photolithography, and plasma etching. (Note: the terms "dielectric material”" and "dielectric
layer" are intended to be used interchangeably throughout this disclosure). The barrier layer 130

25 is typically deposited on the patterned dielectric followed by deposition of the conductive layer



140. Conventional barrier layers 130 conprise tantalum tantalumnitride

(Ta/ TaN) and are used w th copper conductive |ayers 140. The conductive

| ayer i n wbaeg®swenventi onal components contains inperfectipcraSotiesecan be
significant problens when building a |ayered conponent. Figure 1 shows what
5 inperfections 160 m ght | ook |ike on the surface of the conductive |ayer
140. Surface topography inperfections are created because of the confornal
application of the conductive layer to the surface topography of trenches

and vi asg4d. oCom@ntiyndl Berrien dsetsyli30qobmpkisé Ritalh/Edntdhm afde ¢TeTeN) thdare used
material. ldeally, to correct the inperfections 160 in a conventional

el ect r oWilte ceppgssaedctive lyverstifOsur f ace of the conductive |ayer is planarized
or polished by sonme neans, such as nechanical polishing, chem cal
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i nperfections 160 in the "conductive |layer 140 are influenced by the

pl anar i 2=t dielecipicasaedaland portions of the conductive layer 140 in the
i nperfections 160 are undesirably renoved resulting in a dish-1ike
geonetry, 20 ich is termed "dishing’,.The i rfections 160 can 3
reated’t hr ol e it i wy efag0 i o sabPB ity SlerBife RPN dRs s o
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conductive material. (See Figure 3). Dishing is a common and undesirable
si de- ef pelethingy fhengigahiohighingeorfdhemitat mgtlpmicabpaelisbingy dliganec) sloas aandeal he

barrier layer 130 overlying the fie .regiron. In other r he. ..
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Further, the etchants bei'ng used frequently do not ‘'renové the barrier

| ayer 180thdbe vpper sanfeerldl of dse bdneerdayed 36 b ¢hd fagld regid @nd whthetipoawnetchibgt es
tion of surface d 4 shows anot her

to ditional for fects. Fi
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Realistically, however; as the surface is being planarized, the imperfections 160 in the
conductive layer 140 are influenced by the planarization process and portions of the conductive
layer 140 in the imperfections 160 are undesirably removed resulting in a dish-like geometry,

20  which is termed “dishing”. The imperfections 160 can be created through dishing and by surface
topography defects. Dishing is a result of a non-efficient planarization process during removal
of excess conductive material. (See Figure 3). Dishing is a common and undesirable side-effect
of removing the field region conduptive layer 140 and the barrier layer 130 overlying the field
region. In other words, the polishing or planarization procedure wears down the tops of the

25  imperfections but also can wear down the crevices of the imperfections. Further, the etchants
being used frequently do not remove the barrier layer 130 at the same rate as the conductive layer

140, which contributes to additional formation of surface defects.

Figure 4 shows another conventional layered material where the barrier layer 130 is

removed after its exposure by subsequent planarization along with removal of sufficient

6



6 WO 02/059966 PCT/US02/01861 conductive material or layer 140 to retain
coplanarity of the netal-filled feature and dielectric |layer 120. If the
pl anar i zawpDe/op9ecedur e achi eves substantially a 1:1 sel eeCinaisoyoisnl t he
removal of barrier material 130 and conductive |ayer 140, the direct

pl anari zati on may be acconplished in one step. However, this is quite an
i deal i stic achievenent for any planarization process. Any 5 practical

pl anarization process, such as the one disclosed herein, nust take into
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Figure 5 shows a preferréd enbodi nent of an el ectronic conponent 10
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Conpl e MO RO SRERE EXKBpBre vt 120 s dEB A Uyt ba B ORBIRTE 10
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board, a capam tg a reS| st or, ckagl ng, a layered integrated
circuit ecal dishmeragd sur PCQ@PW@? r % hat the el ectronic conponent 10
conprises a circuit board or layered integrated circuit. 15 The substrate
| ayer 110, QYBQ%CQ §fl4 Jn&iggﬁfe onpl yg ifaqthe
el ectronic con%{i)lllnent a‘iﬂ%&%‘jedﬁf“é’g.& e&guppoér}‘ta&lzogt {lect rolnc1 Igyer 120.

The subgief¢ih eopiising anPrutsateilayetial 0,¥) ard;elmhcslagmleomouplem thle sabstabglaykrd
or dielectric material can be_ deposited IE({)ea,tl ng | a)éers I i ke

the | ayer8do)st prreien aver Ehtosnjde e dieleerin 1aymble2%%ﬁﬁ1> thz%m'%fn&ﬂ e&oéﬂle
b t | t 1
oS L LIRSS, I A0 Rt 3¢ BAGHSL TR, pad et or

materials, flat and curved materials, textured and non-textured materials,
and bot h | ar gfes wed herah Ith@hhﬁé‘b&ctr«ﬁﬁc tomapdrent ymeme filet cediposanb ftat tpes e
circuit boards, paper,_ glass, and netal qbjects preferred enbod ment s,
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const antcieuaboatied Iatrel iMdgrdtal Arcitlz  for a material, unless otherw se
inconsistent with context. It is contenplated that the value of the

dielectric constant of the dielectric |layer, 120 is le % than 3. 0. 1In
pr eflérred enbdifi sybsitate {ayer 110 m this embodiment, is designed to ? efunctlonal W1th1n the

electronic component 10 and b) provide support to the dielectric layer 120. The substrate can

comprise virtually any substance upon which a compound or dielectric material can be deposited,
as well as repeating layers like the layered structures contemplated herein. For example,
contemplated substrates include metals and non-metals, conductors and non-conductors, flexible
20  and inflexible materials, absorbent and non-absorbent materials, flat and curved materials,
textured and non-textured materials, and both large and small objects. Particularly preferred
substrates are circuit boards, paper, glass, and metal objects. In preferred embodiments, the
substrate comprises silicon, silicon-germanium, gallium—arsenicie, indium phosphide, quartz, or

sapphire wafer, with the silicon wafer being the most preferred.

25 The phrase “dielectric constant” means a dielectric constant evaluated at 1 MHz to 2 GHz
for a material, unless otherwise inconsistent with context. It is contemplated that the value of the
dielectric constant of the dielectric layer 120 is less than 3.0. In a preferred embodiment, the
value of the dielectric constant is less than 2.5, and in still more preferred embodiments, the

value of the dielectric constant is less than 2.0.



value of the dielectric constant is less than 2.5, and in still nore
preferred enbodi nents, the value of the dielectric constant is |ess than
2.0. 7 WwO02L0596866 PCT/ US02/ 01861 The dielectric nateri CTarsodosbectric

| ayer 120 (both the terns "dielectric material” and "dielectric |ayer" can
be used interchangeably) can be designed to satisfy several design goals,
such as providing support for the substrate |ayer 110 and the barrier |ayer
130, while maintaining a relatively low dielectric canstant. The
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i nclude relatively pure ga es and m xtures t ereo I nc ing alr

125 ar eofhpicembbnenspherical, but nmay alternatively or additionally have any
sui t abl e shape, 15 including tubul ar, lanellar, discoidal, or other shapes.

It is also CP&IoﬁET? efile tlta 5}% 1% 'aggh(f\%gléatgg%)orﬁ?&j ey Tg@%n%)édr%&eﬂf AL er.

It is further one vol ds nnect with
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preferred enbodi nen voids 125 are uniformy di spersed within the

d| el ect Moids|1ag ere typigallybehedicall bitmiyeeliserativelalor addifianadly heve aensitsblesbaps ed
o L5 880 S92 P ABTHREE STRPA S Sl doe ©
si i cat Bgve Al UPpoptiee difet6:0 MPRURHBer COReRIpitATthht ANEst sdile VREAI 5 may
connect with adjacent voids 125 to create a structure with a significant amount of connected or
“open” porosity. Voids 125 preferably have a mean diameter of less than 1 micrometer, and
more preferably have a mean diameter of less than 100 nanometérs, and still more preferably
20  have a mean diameter of less than 10 nanometers. It is further contemplated that voids 125 may
be uniformly or randomly dispersed within the dielectric layer 120. In a preferred embodiment,

voids 125 are uniformly dispersed within the dielectric layer 120.

The dielectric material or layer 120 can be composed of inorganic, organic, or
organometallic compounds, as well as mixtures of these materials. Examples of contemplated
25  inorganic compounds are silicates, aluminates and compounds containing transition metals.
Examples of organic compounds include polyarylene ether, polyimides and polyesters.
Examples of contemplated organometallic compounds include poly(dimethylsiloxane),

poly(vinylsiloxane) and poly(trifluoropropylsiloxane).

The dielectric material 120 may also include substantially polymeric material,

30  substantially monomeric material or a mixture of both polymers and monomers depending on the
8



Exanpl es of organi c conpounds i nclude pol yaryl ene ether, polyimdes and

pol yesters. Exanples of contenpl ated organonetallic conpounds i nclude

pol y(di mewbybkssd9exane), pol y(vinyl sil oxane) and PCT/US02/01861
poly(trifluoropropylsiloxane). The dielectric material 120 may al so include
substantially polymeric material, 30 substantially nononeric material or a
m xture of both polynmers and nononers depending on the 8 WD 02/059966

PCT/ US02/ 01861 desired final dielectric conposition, desired electrical
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al t er nabétweepeonyaierude mralyitdeHfioe belarden o bomwss melectleas | i near, branched,
super- branched, or three-dinensional. The nol ecul ar wei ght of contenpl ated
pol ymers spans a wide range, typically between 400 Dalton and 400000

Dal t on or nofentemplaieppelymersauaesboelimirie,a wide rangicsf danctionalpg sevetaral 120

conprises.inor.gani.c nol ecul es,_or I rs.. kn a t.preferred epbodi nent,
Che di oF R PrarayEe B s Ses PO RRurd Srfpl e BSe S tmsi ot r |
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meet certain design goal's and/or structural requirements. As used herein,
t heli er Moremisoralternative pelysicrsanainyavetverivesforoarspouatlindaatbrinshed sapire of
form ngb1?%111(0:1(136\(/15,1|01§a t ﬁreel? ?nden\s{.\iio;[laﬁ. Jl‘f[lesnello{emcﬂrar \%eight of contemplated polymers spans a wide
range, typically between 400 Dalton and 400000 Dalton or more. In a preferred embodiment, the
dielectric material 120 comprises inorganic molecules or polymers. -In a most preferred

-embodiment, the dielectric material 120 comprises a polysilicate.

20 The dielectric material 120 may additionally or alternately comprise monomers in order
to meet certain design goals and/or structural requirements. As used herein, the term “monomer”
refers to any chemical compound that is capable of forming a covalent bond with itself or a
chemically different compound in a repetitive manner. The repetitive bond formation between
monomers may lead to a linear, branched, super-branched, or three-dimensional product.

25  Furthermore, monomers may themselves comprise repetitive building blocks, and when
polymerized the polymers formed from such monomers are then termed “blockpolymers”.
Monomers may belong to various chemical classes of molecules including organometallic or
inorganic molecules. Examples of contemplated organometallic monomers are
octamethylcyclotetrasiloxane, methylphenylcyclotetrasiloxane, hexanethyldisilazane, and

30 triethyoxysilane. Examples of contemplated inorganic monomers include tetracthoxysilane or

-9



chemcally different conmpound in a repetitive manner. The repetitive bond
formati on between nononers may |lead to a linear, branched, super-branched,
or three-wpmmen0si9emal product. 25 Furthernore, nononers nmapCrhsoyelsves
conprise repetitive building blocks, and when polynerized the pol yners
formed fromsuch nononers are then termed "bl ockpol yners". Mononers may
bel ong to various chem cal classes of nol ecul es including organonetallic or
i norgani ¢ nol ecul es. Exanpl es of contenpl ated organonetal | ic nononers are
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dielectric material 120. For exanple, approprlate organic materials are
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S|Ig§ be dissolved by a dilute HF solution w thout dissolving an
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Alternatively, the organic and inorganic compounds can be selected such that the
inorganic component can be dissolved at least in part by a solution that does not dissolve the
organic component of the dielectric material 120. For example, colloidal silica can be dissolved

by a dilute HF solution without dissolving an organic polymer such as polyarylene ether.

20 In some preferred embodiments, dielectric material 120 may comprise dielectric
materials contemplated, produced or disclosed by Honeywell, Inc. including, but not limited to:
a) FLARE (poly(arylene ether)), such as those dompounds disclosed in issued patents US
5959157, US 5986045, US 6124421, US 6156812, US 6172128, US 6171687, US 6214746, and
pending applications 09/197478, 09/538276, 09/544504, 09/741634, 09/651396, 09/545058,

25  09/587851, 09/618945, 09/619237, 09/792606, b) GX3 (adamantane-based materials), such as
those shown in pending application 09/545058, ¢) nanoporous silica materials and silica-based
compounds, such as those compounds disclosed in issued patents US 6022812, US 6037275, US
6042994, US 6048804, US 6090448, US 6126733, US 6140254, US 6204202, US 6208014, and
pending applications 09/046474, 09/046473, 09/111084, 09/360131, 09/378705, 09/234609,

30 09/379866, 09/141287, 09/379484, 09/392413, 09/549659, 09/488075, 09/566287, and
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20 In sone preferred enbodi nents, dielectric material 120 may conpri se
dielectric materials contenpl ated, produced or disclosed by Honeywel |,
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as those conpounds disclosed in issued patents US 5959157, US 5986045, US
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091545058, 25 09/587851, 09/618945, 09/619237, 09/792606, b) GX3
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ni t ri de tantaimgsiiteide ndrttantdlem/tautagsh eiri¢ofial TaN)peekphor us, and nickel. In
preferred enbodi nents, the barrier |layer 130 conprises tantalum tantalum

nitride, or ta Hﬁh&ﬁ@ @{pﬁ%ﬁyg@@gﬁleg% AdT @ r%moﬁfe%a@%l yewmaatﬁ% gie!

140 is appli ed 0 and arri l"ayer any sul

deposi t depositnhaethoduath %eledtﬁﬁép@dﬁﬂp shenhioal, vapbredepodtion &0UD),déaasi Lapon
(CVD), plasma vapor deposition (PVD), and fill deposition. Fill
deposi t deppsitips (Bg’ &1 depqsyiog. Fﬂ]&)éwﬂwﬁeqxseuspﬁ gerein, 1s a process where the

conductive layer 140 is applied to fill the interconnect features (vias and trenches) and to coat the
flat “field” regions between features leading to a conductive layer 140 covering the entire
dielectric layer 120 and the barrier layer 130. Fill deposition typically results in a non-planar -
20  surface topography of the conductive layer 140 because of the variation of the size of the
underlying dielectric layer 120 features being coated or filled. '

Conductive layers 140 may generally comprise metals, metal alloys, conductive
polymers, conductive composite materials, and any other suitable conductive materials. As used
herein, the term “metal’” means those elements that are in the d-block and f-block of the Periodic

25  Chart of the Elements, along with those elements that have metal-like properties, such as silicon
and germanium. As used herein, the phrase “d-block” means those elements that have electrons
filling the 3d, 4d, 5d, and 6d orbitals surrounding the nucleus of the element. As used herein, the
phrase “f~block™ means those elements that have electrons filling the 4f and 5f orbitals
surrounding the nucleus of the element, including the lanthanides and the actinides. Preferred

30  metals include titanium, silicon, cobalt, copper, nickel, iron, zinc, vanadium, aluminum, tin,
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conductive layer 140 is applied to fill the interconnect features (vias and
trenches) and to coat the flat "field" regions between features |leading to
a conductwoe2losgpes 140 covering the entire dielectric |aper/usBpomad t he
barrier layer 130. Fill deposition typically results in a non-planar 20
surface topography of the conductive |ayer 140 because of the variation of
the size of the wunderlying dielectric layer 120 features being coated or
filled. Conductive |ayers 140 nay generally conprise netals, netal alloys,
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al umi nuA® £9 lﬁg’}le °9%on, copper, nickel, platinum tin, gold, silver
and tungsten. Mst preferred netals include copper, alum num and tungsten.
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pr of £ct y¥@uhBy@porbiion aath drevidenos vbkerke bist 0 t he conductive |ayer 140 by a
variety of processes, including electroplating, spin-on

The protective layer 150 can be composed of inorganic, organic, or organometallic
compounds, metals and metal alloys as well as mixtures of these materials. Contemplated
inorganic and organic compounds should be those compounds that are a) capable of being
controllably etchable at the same time that the coupled conductive layer 140 is being etched, and

20  b) planarizes on the conductive layer 140 before the etching step begins. Planarizing on the
conductive layer 140 may comprise either a) a material that melts with a low viscosity and a high
surface tension that can flow to form on the conductive layer 140 and/or b) can self-catalyze or
self-cure to the desirable hardness on the conductive layer 140 after being applied to the
conductive layer 140, or a fluid material that can be mechanically planarized. (See “Improved

25 Apparatus and Methods for Integrated Circuit Planarization”, Endisch, Levert et al.; contact
planarization device and apparatus). Examples of contemplated inorganic compounds are
silicates, aluminates, siloxane compounds, HOSP compounds, such as those that are
commercially available from Honeywell International, Inc. or disclosed in commonly assigned
US Patents 6020410, 6043330, 5973095 incorporated by reference herein in their entirety, Spin-

30 on Glass compounds, such as Honeywell 512B, and compounds containing transition metals.
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deposition, evaporative deposition, electroless plating, sputtering/ PVD,
PECVD, CVD, and/or 15 vacuum evaporation with or w thout a voltage bias.
The prot ewOi@©5996¢/er 150 can be conposed of inorganic, or@amiusp2/as6l
organonetal lic conmpounds, netals and netal alloys as well as m xtures of
these materials. Contenplated inorganic and organic conpounds shoul d be
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Accufl o tes,
ol AL ERal R UP B droh fhol pAGNS AR S dcpBui Litthe FRRLEC €5

( cyanoa@tsyb@tmklstew tepddsirwd fiyhl cobsibtenial if caiicy 1p@p1y1m1tte Iﬂ$e prEteamaé Bgerofind

cont errpl at ed g{(&anomet al l'ic conpounds include 5 poly(dinmethylsiloxane),

pol y(vi i dssireskalaegrization ped sich Propetiiss oprivfythsr sontemplpted thaiihn mgtegtive layer

%?25?5'1%% B BuboRBfosdRidbndle AR LIEHAT AR orgel SyBR R s and ™

gal lium alloys, and bisnuth and bismuth aIons (including those with

indium, i ndicymean elitb@gvaHe?é Y flso I&ﬁ% §e iréﬁ% lc@ﬁ?ﬁcﬁ%ﬁg JRYualse

i ncl ude substanti a nmeric materi st iall 10 nononeri c

mat &§ i almodetiea, inttmgarahatiotykteps) mtﬂte&o@nde@grmperﬁlrﬂielpmw; apgrapmiatehe

desired
polymers may have many configurations, including a homopolymer, and a heteropolymer.

Moreover, alternative polymers may have various forms, such as linear, branched, super-

branched, or three-dimensional. The molecular weight of contemplated polymers spans a wide

range, typically between 400 Dalton and 400000 Dalton or more. In a preferred embodiment, the
20  protective layer 150 comprises inorganic molecules or polymers. In a most preferred

embodiment, the protective layer 150 comprises a polysilicate.

The protective layer 150 may additionally or alternately comprise monomers in order to
meet certain design goals and/or structural requirements, such as tﬁose mentioned previously.
Monomers may belong to various chemical classes of molecules including organometallic or

25  inorganic molecules. Examples of contemplated organometallic monomers are
octamethylcyclotetrasiloxane, Ihethylphenylcyclotetrasiloxane, hexanethyldisilazane, and
triethyoxysilane. Examples of contemplated inorganic monomers include tetraethoxysilane or
aluminum isopropoxide. Monomers may also include additional groups, such as groups used for

_crosslinking.
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vi scous consistency, the desired final consistency if curing is applied to
the protective layer, and the desired planarization and etch properties.
It is furwbep/osomnd enpl ated that the protective |ayer 150Pgase2essposed of
anor phous, cross-linked, crystalline, or branched polyners. Contenpl ated
polymers may al so conprise a wide range of functional or structural 15
noi eties, including aromati c systens, and hal ogenat ed groups. Furthernore,
appropriate polynmers may have many configurations, including a

homopol yrer, iafghar ARHSHRR /inbEBimentdVRIA) bffer sﬁb&@&aﬁ&lh&% rﬂaeﬂﬂya@ may have
various forms, such as linear, branched, super- branch
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could damage the final electrical properties of the conductive layer.

An electronic component 10 can be produced by a) providing a substrate 110; b) coupling
a dielectric layer 120 to the substrate 110; ¢) coupling a barrier layer 130 to the dielectric layer
120; d) coupling a conductive layer 140 to the barrier layer 130; and ) coupling a protective
20  layer 150 to the conductive layer 140. The protective layer 150 may then be cured to a desirable

hardness.

~ The barrier layer 130 can be deposited onto the dielectric layer, the conductive layer 140
can be deposited on the barrier layer 130 and the protective layer 150 can be deposited onto the
conductive layer 140 by a variety of processes, including €lectroplating, spin-on deposition,

25  evaporative deposition, electroless plating, sputtering/PVD, PECVD, CVD, and/or vacuum

evaporation with or without a voltage bias.

The protective layer 150 can be cured either by a process external to the material in the
protective layer 150 or may be cured by a process internal to the material in the protective layer
150. External processes include but are not limited to heat, radiation, air flow, pressure, and

30  decrease in temperature. Internal processes are those processes that take place within the
14



protective |ayer 150 conprising these netals or netal alloys nust have a
nmelting tenperature 10 bel ow 400C, which is considered the thernmal budget
of the wavero2/ofont enpl ated netals or netal alloys nust n®@CTrEsp/aisyl f onn
alloys or internetallic conmpounds with the existing conductive |ayer 140
onto which they have been deposited. An additional barrier |ayer can be
deposited over the conductive copper |ayer, as part of the protective

| ayer, to prevent liquid of solid-state diffusion of the overlayer netal
into t h@oﬁp&%q%serfesu@ﬁfaﬁEllo@éhnlﬂgclsﬁémlbﬁ r84b1i6%PHENyBerPEonbBrdnid W hiAlot t hat
has successfully prevented th fype of diffusion into the conductive

| ayer, hﬂﬁﬁbﬂbyommdedanﬁgamhﬁbﬂﬁdaaﬂpek@&ms|cal properties of the
conductive layer. An el ectronic conponent 10 can be produced by a)
providing a

bt rate 110y e Ay 1o e Ll o By S 1O ke,
120; d) caopydel a)gnteodnom(guntcomﬂmgeay;ﬁbte&% lhpertlhé obtra ccmdubtm;eelayétaﬁo @nd e)

coupllng a protectjve . 20 |.ayer 150 to the conductive |ayer 140. The
prot2ct fieerriag apd phwarizps thrawolsetvagy 108 agrogeibe camfuetivh byankids ) Hing the

B e

conducthe ['a oSl rrier

proteCtl@ﬁxIQWEﬁdéﬁﬁdﬁﬁ@ﬂh&oﬂ&ﬂﬁ&hﬂ@ﬂrDﬂl@sﬁbﬁmﬂﬁ@pHMEmmNe | ayer 140 by a
vari ety of processes, including electroplating, spin-on dep05|t|on

evaporative ﬂﬁpo%%ﬁlg {:o@h‘:ﬁ%ﬂ{l#r‘g?&u% %%érnl%() onk u.{h%%gh 1%/93?; e prBineCt i ve

and/ or vacuum evap a Vol age |as

| ayer 1héhisead the diesbRirbdeeses hﬂcl@dﬁh@@fd@&&pl@ﬁﬁg; ispialort epobigionpdvaporativé n t he
protective | ayer 150 or may be cured grocess internal to the material

in the denssiion; dectrcéwmlatmospuﬁﬁm@g/ﬂyﬂl BE6VEL L&D and yrdiacwyn em@rﬁw with

I ted t t

t emper aPhvRs el Aes Bsrofi Eier 8% B BRI B BB A0SR o dbeedoni
the 14q\WQR.AAR98GaRAUOYSREL ﬁtlue&ﬁﬁﬁﬂé@ﬂnﬁ&ﬁﬁbﬂ%etuﬁ%fﬁe@ﬁes§efdQ§§16hsﬂJ$ﬂ ng,

chem cal reactions between constituents that are not initiated by outside
f or ces Hrcoodimtive setfadecldlOprididessesmplishadt hod of pl anari zi ng a conductive
| ayer 150 of an el ectronic conponent 10 nay conprise a) introducing or

coupling a pppiRekdd e pdNestivids PNt @ado&andbsidueyd BY&M 4830accbinpished
di spersing and planari zing the protective |ayer 150 across the conductive
| ayéf 1tlﬁough)rel:a|twe nptivhef the electronic component 10. Relative motion is contemplated to

mean spinning the component 10, shaking the component 10, rocking the component 10, or

otherwise moving the component 10 around to disperse the protective layer 150.

Curing the protective layer 150 is contemplated to encompass the methods previously
. discussed herein, including external and internal curing processes. External processes include
20  but are not limited to heat, radiation or irradiation, air flow, pressure, ashing (exposure to an
oxygen or oxygen-mixture with nitrogen, hydrogen or forming gas plasma), a decrease in
temperature or a combination of any of the above-mentioned curing procésses. Internal
processes are those processes that take place within the compound itself, such as crosslinking,
chemical reactions between constituents that are not initiated by outside forces and other related

25  processes.

- Introducing the etching solution 170 (not shown) onto the conductive layer 140 may be
accomplished by any suitable means, including spin-on deposition, random deposition, surface
washing, dipping, dripping, and rolling the etching solution 170 onto the surface. Typical and

contemplated etching solutions comprise one or more of the following: HNO;, HsPOy,
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protective layer 150; d) introducing an etching solution 170 (not shown)
onto the conductive layer 140; and e) etching the conductive |layer 140 to
subst ant iwbD oplosgees i ty. | ntroduci ng or coupling the protecPCrashzgmsst 150
onto the conductive |ayer 140 can be achieved by a variety of processes,

i ncluding el ectropl ating, spin-on deposition, evaporative 10 deposition,

el ectroless plating, sputtering/PVD, PECVD, CVD, and/or vacuum evaporation
with or without a voltage bias. It is contenplated that the protective

| ayer 160L@00H,HECI, bhlbadeceftoppérand zhe, HBndEu&O4\aﬁdﬂH.fhe&nbthdhmm®.h101ls
guantities that referent al protection to depressed re%ions of

conduct PBPIENF ReeEWeight Wi (Wt bl Oawlémﬁ % §t9d o) IBNOp s T theol 3p 55(3%@%:@@ 98
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ol at i vEEH §§15°{3f EOQRLE] 0o el S o 904 SqRE AR ISRENGE S B8 ol

cont enplaHerD A, end 9B & %5/Ri REI %@Hf@@ﬁﬁﬁ@ﬁ%fght Wwishpkionghihec@apw) §INO410,
rocking the conponent 10, or otherw se noving the conponent 10 around to
di spers8S Mé/o/§3 Stvet Vi HeP Vayed 9&3(9%/@rﬁlVﬁb‘Vft(ﬁﬂs%@@%éﬁWﬁe@ﬂa%@ﬂ%w is
contenplated to enconpass the nethods previously discussed herein,

i ncludi ng exigrsed hé@8id, iR iparAatsubdiahisl pﬂ‘afr@ﬁgﬁsg%ﬁeraﬁ% h@amlha@dage&aﬁes
include 20 but are not linmted to heat ation or irradiation, air

fl ow, pplessnlyéhatastinsigletadipds Lamptableaﬁor mmewnzrﬂat@d(wg@mml glectranion t h

Conbi naEYBRORE Sip B RamaR gy & et Fan B lrieiteg Gebeel dlwaipnel gr 06" °
pr 009338136@%% E&lﬁé\ﬁnﬂ)&‘f% ﬁﬁaﬁaﬁt@a% bRl&rddl o dith i %uBéi@ntPa@fmﬁ ig tself,

such as crosslinking,  chefical ‘reactions between constituents that are not
i ni 10 at echshieraiib diecal cpraecd plamadtyaiflabteastedl. &ble&D%zanpinums p@feﬂmﬂt roduci ng °

t he etchi sol uti 170 (not. shown)..onto the conductive. la 140 may be
b conpl PERGRY P AR e oD ATES o SR HERAEiSh IGO0 Bhdom
deposi t hggy, surface washing, dipping, dripping, and rolling the etching

solution 170 onto the surface. Typical and contenplated etching sol utions
conprise one or nore of the foll ow ng; HNO3, H3PO4, 15 WD 02/ 059966

PCT/ US02/ 0 86 CH3 X chl ori des of nd z H2S04 and

HF. Pr e?\@'rﬂrl &e&%@ odg| Ehl@}@twemmeé@miﬁﬁ RS Aidp 5@??(#@ PRI ure

% (vol 0 os 110?/3@ % 50 vol % H3PO4, and 98 w %40 vol % CH3COOH; b)
Yo

69 meig " volunme % (vol % HNGB, 85 wt % 70 vol
15
Examples
Example 1
20 Planarizer Material/Protective Layer Deposition

A 1000 Angstrom thick nickel barrier layer is deposited on a copper substrate/conductive
layer by vacuum evaporation. A planarizer material/protective layer comprising 66.3 wt %
Indium and 33.7 wt % of Bismuth as a eutectic alloy is deposited on the barrier layer by vacuum
evaporation to a thickness of 1.5 pm. Both the nickel barrier layer and indium bismuth

25  protective layer are deposited by using a vacuum evaporative deposition tool to form a wafer.
This deposition tool uses electron beam evaporation of any elemental or alloy metal allowing
deposition under a vacuum atmosphere. The copper substrate/conductive layer surface was
precleaned with an argon sputter using a voltage bias before the nickel barrier layer and the

indium bismuth protective layer were deposited. Both the nickel barrier layer and the indium
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% H3PO4, and 98 wt % 24 vol % CH3COOH, 69 weight % (wm % /1.6 volunme % (vol
% HNG3, 5 85 w % 53.9 vol % H3PO4, and 98 wt % 43.2 vol % CH3COOH, 49 wt
% 1. 3 volweoor#s996As used herein, the phrase "substantial pCansn2/onsé1
general ly neans that degree of planarity that is considered to be
acceptable for the contenplated or desired el ectronic conponent.
Substantial planarity is considered herein to be a degree of planarity of
at least 0.6 or 60% or achieving perfect planarity. In preferred

enmbodi merhsith pobstiantdyat wplealrpsdifedl withol teakdigler egning dfette vdeghe eftaf
planarity of at least 0.8 or 80% And in nore preferred enbodinents,

subst anPiesleapgnarity i s considered to be a degree of planarity of at |east
0.9 or 90% Analytical Test Methods: Planarization was neasured by

KLA- Tencor HRP- : i . - . 1
26 Pl anar zen MiBegel BSPRRARL cofhliviapt Rk AR LBOve iy BB TP LER i ATPLE
ni ckel bRrEtdEatidgarelédrotteppBiihgdvitith are®ofipeonsmisl matheds oBthubpluing isayer

by vacuum evaporation. A planarizer material/protective |ayer conprising
66. 35 Wt SUBDle pralvp A SIStNE oRpPeRdfingternelogy gsel tadesely the ifpgratpdicyrcuits

m* Bot n e i PRl St AF e QPRS0 ol Do el AR ARy 2

deposi t agnp¥letGbpltiee Mol eiHblRY BREMAbHNEsTBPOS icldc@Bnit OPAckbging didisi@icwed er .
This deposition tool uses electron beam evaporation of any el enental or

al | oy neliminagg topisilpag frempbe sqlii@nTmr@@peaarvbﬁawm AimBloyh Bicee alyhaicessiely
subst rahe/cqncguc%itve I a%{ﬁrd surface was precleaned with an argon sputter
using a wSstEg et iléegse 1€ the nickel barrier | ayer and the indium

bi smuth protective |ayer were deposited. Both the nickel barrier layer and
t he1p ndi um 191G} D2/16R86E: IPEF RISAAL Pi&Rds bi smuth protective | ayer were
deposited wi thout "breaking"” or turning off the vacuum after precleaning.

The barrier |layer and the conductive |layer discussed above nmay al so_ be
deposi t ed al g8 mipfer containing the barrier layer and the protective layer was predipped in 85 wt %

H3PO4 and rinsed with deionized (DI) water to remove oxidized surface material. The wafer is
then rapidly heated on a hotplate with an approximate temperature of 280°C, which is well above
the 75°C indium bismuth melting point, but well below the nickel or copper melting point or the

15  allowable 400°C that the wafer substrate can withstand without damage to the pre-existing
electrical materials/structures. The wafer was heated until the indium bismuth melted (less than
2 seconds) and then the wafer was rapidly cooled. The final structure allowed surface
planarization of even very large features or surface defects, i.e. those greater than 100 um across
for 0.5 p, deep features. The final indium bismuth planarization was measured using a KLA-

20  Tencor HRP-220 mechanical stylus profilometer. The planarization results are summarized in
Figure 7. Note that DoP is an abbreviation for “degree of planarization” where 1.0 is perfect
planarization of a trench feature and 0.0 is no planarization. In situ reflow within the above-
mentioned vacuum chamber will give improved results over conventional me;chbds with fewer
surface defects or features. Also, immediate reflow of the indium bismuth after electroplating or

25  electroless plating deposition will give improves results over conventional methods with fewer

surface defects or features.

Sacrificial Etchback of InBi to Planarize Copper Substrate/Conductive Layer

17



el ectropl ating and el ectrol ess plating, which are both econom cal nethods.
Electroplating is a 5 sinple scale-up fromexisting copper plating

t echnol ogyowgeshos@©day by the integrated circuits industryCTiSazofsee
solder materials, simlar to the ones used herein, are generally devel oped
by wusing electroplating or electroless plating options for the electronics
packagi ng industries to eliminate toxic lead fromthe solder. Tin Copper
and IndiumTin alloys were al so successfully deposited with these nethods.

10 Pl anari zetobp&! Sigkélwad h@d{@xh/b“’ﬁﬁﬁtﬁ\mé%we&sema@ iNVBEMRErsGRMeBh OB W
barrier layer and the protective |ayer was predipped in 8 w % H3IPOX and

ri nsed weichimtdeimbiriatieds:(DI) water to renove oxidi zed surface material. The
wafer is then rapidly heated on a hotplate with an approxi mate tenperature

Ot T het ont R 4 Pl BB O S i i og BEBAMSBIATAL 16 ToLb Ry PRI o6) 01

that the wafer substrate can vmthstand W t hout damage to the pre-existing

el ectrical mat:ey @l ERIOUGOUES); TORR] YEHSFOMNBE Wiea); ad vanyd HCT (39 vitd) um
bi smuth nelted (less than 2 seconds) and then the wafer was rapidly

cooled. The final structure allowed surface planarization of even very -

| ar g& feat ur dbe @?Chg de refplls (dngsboms/ming for ipdviduglractalklilmstaan aspbiows serregsls

for 0.5 ? h e[atur 31 g § final indiumbismuth planarization was

measur edP§S ﬁ% FBUR B JISFEROBYS HRP- 220 mechani cal stylus profiloneter. The
pl anari zation results are sunmarized in Figure 7. Note that DoP is an

abbr evi at i on Af: oty =@@00 %1 ©f 500;anRy+ 2200 on" where 1.0 is perfect
pl anari zation of a trench feature and 0.0 is no planarization. In situ
reflow within the above- nentioned vacuum chanber will give inproved

resul ts over BedmvertPomll = hdtideBi 5w 1® fewer surface defects or features.

Al so, imediate reflow of the indium blsrmth after electroplating or 25

el ectrol ess phatiiide IRRASI i Nbh hullines LIRLONSR (58 the B ONSfaEamyent | onal

nmet hods with ur ace s or res ack of

| NBiL0 t o ublfedndtyi widl Beolpisethabalys Bysiingd oo all u&ftalsz eAlsayey usidga ¥ GRh@PEDES0N the
PCT/ US02/ 01861 Cop gqn[a ni ckel and i ndi um bi snuth pi eces were etched in
B

beaker s m%mrn@l&rméhp wdnvates; b atanae Bebihispads suriee will bp unifemdi eiched g
% 80 \5.19 equa Hsfg gbcﬁtﬁ@hev\rr‘uclégl an&' @opp% su@str@tre le(,a%?ng\'\g ﬁn@l copper surface that is planar.

Once the copper surface is planar and all sacrificial nickel and indium/bismuth is gone, then

Mix A can be used to finish copper removal and polishing until stopping in the Ta on the field.

15 Example 2

A composition for a protective layer comprises the following components: colloidal
copper oxide, copper hydrogen phosphate salts, copper acetate, copper nitrate and/or colloidal
copper; and a polymeric solution of high viscosity having gelling/solidification properties
suitable for functioning as the protective layer defined herein, to be used as the binder or matrix

20  phase of the protective layer. The polymeric binder composition is an aqueous solution of high
molecular weight polyethylene, polyvinyl alcohol, polyvinylpyrrolidone of such polymeric
solutions doped with a solution of colloidal silica or boehmite to facilitate the formation of a
rigid gel at a suitable temperature (preferably near room temperature) in the course of time and

also to reduce the etch rate of the coatings to achieve nearly 1:1 selectivity with copper etching.

25 If the resulting etch rate of the spin-on layer, when using the standard etch solution, is

greater than that of copper, the etching behavior of the standard etch solution can be altered by
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B: 5vol %HNG3 (70 Wt %; 79 vol % H3PO4 (86 wt %; 16 vol % HCL (37 wt %
5 The etch rate results (Angstrons/mn) for individual netal filns are as
foll ows fwo oe@sdres t ype of etchant mx as |isted above: A PCWUSOZOBOT N =
1500; InBi = 4200 .B: Cu = 2300; N = 1800; InBi = 5700 By running the
etch rate tests on full-sized wafers in the tool, the across-wafer non 10
uniformty will be less than 5 % 3-sigma for all netals. Al so, by using a
spin etch process on the indiunbisnuth planarized wafers, the planar

i ndi unt by gRaIS Bol§’é‘t‘h§lﬁﬁ@ chJ)ll ortl’]?gHJﬂﬁbl(e:@ﬂfllgl1 Mel@hﬁfftﬁ tBY len@ém@tg(-’b@ﬂenﬁﬁfn% As both
t he ni ckel and Copper Substrate |eaving a final copper surface that is

pl anar. pol@thﬁlenmbaaﬁdpp@sctwrlai)@c)e Sechpddditives tend taldwes dlog ¢tEh mited! the eiatonand

i ndium bi smuth_is gone, en X A can . be used.to finish co r val
ind pol PERHES tie PB b ger hatrBoe Pt eionasiting o S efeRBRLob T Be
conposi iR fijor a protective |ayer conprises the follow ng conponents:
col | oi dal copper oxide, copper hydrogen phosphate salts, copper acetate,
copper nitrate and/or colloidal copper; and a polyneric solution of high

vi scbsi ty haln aglitipet, Hiengésots off Ifhoemait&acpmatini@glgmlgs in g woprEEn iphodpbate
functionin .as_the tective layer def.ined e das
bi nder BIOHHES 15 ooBHPES o ORIt R 1R S 4 "RBRHEEVER nder

conposi Li-Riht é&@ﬁnﬁ%§ﬁ8§}§xoﬁg|aahl on of high nol ecul ar wei ght pol yet hyl ene,
pol yvi nyl al cohol nyl pyrrolidone of such polymeric solutions doped

with a solution of CO||OI dal silica or boehmte to facilitate the formation
of a rigid @he pasemme oficoEishk ealtsesypbratopper hpdrefar pivisphate @an raloes the

t enpera course of tinme.and , als duce the tch rate of the
o o g o g AL Poppe BBFagt b pninEno AR S e |1 L he
resyd tipg Bﬁehb 185pHalte PiRisNsaBRati Y& copPbtedntbihifg cbil ﬁh%%ﬁte?fa@@

sol %JJ(%I on, 01?1 Oﬁg&% 1ﬁ]an thg’t aofacoppec'r0 thenet clh Cg1 c<)ahaV| or 1of t he
standardfﬂémﬂasa@hemloahmhﬂuntlﬂgalayért ered by 18 WD 02/ 059966 PCT/ US02/ 01861

addi ng a pol yet hyl ene gl ycol or high nol ecul ar wei ght pol yet hyl ene oxi de
(when using a polyethyl ene-based protective layer). Such additives tend to

| oner the etExampled of the spin-on protective layer but do not change the
copper etch rate, permtting an etch selectivity of 1:1 to be achieved.
15 Planarizer Material/Protective Layer Deposition

A planarizer material/protective layer comprising an Accuflow material (Novalac Resin)
is deposited on the conductive layer by spin track dispense. Immediately following the
application of the Accuflow, the spin speed of the chuck is ramped up to create a uniform layer
of Accuflow of a thickness of 1.5 um. This ramping and subsequent hot plate bakes drive off the

20  solvent dispensed with the Accuflow as well as partially reflow the protective layer.

Planarizer/Protective Laver Cure, Reflow, and Etchback Process

The wafe£ containing the protective layer was cured in a furnace to drive off all
remaining solvents and to complete the reflow of the Accuflow at a temperature of 350°C, well
25  below the copper melting point or the allowable 400C that the wafer substrate can withstand
without damage to the pre-existing electrical materials/structures. The final structure allowed
surfacg.planarization of even very large features or surface defects, i.e. those greater than 100 um

across for 0.5 p, deep features. The final Accuflow planarization was measured usiﬂg a KLA-
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5 1In addition, the presence of phosphate-containing groups in a copper
phosphate protective layer will |ikew se contribute to a reduction in the
et ch rat evowh®esoes ching with etchants contai ni ng phosphoPCg/tso2/es6iThe
presence of copper salts, such as copper hydrogen phosphate, can reduce the
di ssol ution-of copper at the copper interface as the etching solution
produces this type of 10 insoluble copper phosphate. Thus, saturation of
copper -contai ning conpound at the interface wll act as a chemi cal

| nhi bi tirggol 8820 FHRMRh&aPstiRis gﬁﬂ%&t@? R EFddahd REQIREF hiEcon@Y&br can
Dep05|t|on A planarizer matefrial/protective layer conprising an Accuflow
mat er i abe éthbadalvdle 1 Resian}ivity mategposigtpdahadty efitke swfedact i ve | ayer by spin
track dispense. Innediately follomjng the application of the Accuflow, the

spin speed o chuck LS d u re i form Accuf | ow
of a thi ckneb?c%ﬁ‘ehefon‘?fr?’rH %‘Fﬁ1§ ﬁﬂ%?%ga?]aﬁqﬁrlﬁﬂe]s&%ﬁ}glﬂf’v Iﬁﬁttm%lﬁtg%nebgf?gg\ﬁa(ri ve
of f t heAZQn%@'u\é&f'&) fﬁhﬁp@db@%dremofvm 4nla& oNSIGHE LM RSpp ‘!‘% h {88 T%ﬁ'fﬂieaiﬁélél reflow
the protective layer. Planarizer/ProtectiVve Layer | ow, and

Et chback Process The wafer containing the protective Iayer mas cured in a

furnace to dekumptf4 all remaining solvents and to conplete the reflow of
the Accuflow at a tenperature of 350C, well 25 below the copper nelting

poi nt or thedehg%@hﬁe %}IFQ@;@ E%ﬁf%(ﬁﬁ igubstrate can withstand wi thout
damage to th erial s/structures. The fi nal
structure all I es or
surface def e%%m@%%ﬁﬁﬁtéprgregg eira§ O%fg %&{% glgﬂél%ﬁ (%Sn éﬁgfagge

f eat@r ematefiap i§ dedsitdConie@ondhaivaldyzaby syin msk dﬁpﬁﬁé ddjmmila‘ngyéollﬁyAng ¢haND

02/ 059966 PCT/ US02/01861 Tencor HRP-220 nechanical styl us PI‘OfI I orret er.
Once cupriicafien alcthationay el b8h et SR?&ﬁ of B¢ chpelpisgampedhun forcrede a gpifome y

a1 s ac PP aPBRE A HicBhohaF A7) e pARe i ERRE AT AR R aRl ogAr N

g I rEli( sh Iﬂiénslaﬁfenf @Bpunakd witd tMﬂMsﬁ@elUﬁHpa&ﬁﬁtyQﬁﬂbwghé Prothevdayen the fiel d.
anmpl e

Planariier/Protective Laver Cure, Reflow, and Etchback Process

15 The wafer containing the protective layer was cured in a furnace to drive off all
remaining solvents and to complete the reflow of the 512B at a temperature of 350°C, well below
the copper melting point or the allowable 400°C that the wafer substrate can withstand without
damage to the pre-existing electrical materials/structures. The final structure allowed surface
planarization of even very large features or surface defects, i.e. those greater than 100 pm across

20  for 0.5 p, deep features. The final Honeywell 512B planarization was measured using a KLA-
Tencor HRP-220 mechanical stylus profilometer. Once cured the 512B and conductor can be

“etched with 1:1 selectivity maintaining planarity of the surface.

Once the copper surface is planar and all sacrificial Honeywell 512B is gone, then Mix A
can be used to finish copper removal and polishing until stopping in the Ta on the field.

25
Example 5

Gallium, gallium indium, gallium alloys, and indium alloys (with near room temperature

melting points), were successfully evaporatively deposited onto bare, blanket copper, patterned

20



Pl anari zer Material/Protective Layer Deposition A planarizer

mat eri al /protective | ayer conprising Honeywell 512B (spin on glass 10

mat er i al )WD92489966i t ed on t he conductive | ayer by spin trac/oypsnse.

| medi ately following the application of the Honeywel|l 512B, the spin
speed of the chuck is ranped up to create a uniform |ayer of 512B of a

t hickness of 1.0 um This ranping and subsequent hot pl ate bakes drive off
t he sol vent dispensed with the 512B as well as partially reflow the

prot ect tyfet ayEFlanidt TATOREE kTIIC6O vatdrs. VRrokibytestryQuidatelRedt w, depodtiGt chback
Process The wafer containing the protective |ayer was cured in a furnace
to dri vplaosizedithe stpalirEsakiresors b patiers Wader- t o conpl ete the refl ow of the 512B
at a terrperature of 3500 wel | below the copper mel ting point or the

al | ovabl o 400C, Lty LNg YR LET v URRLE R B SARLERSIARdato ENAYL, 1927708 i

the pre-exis ria Fricture structure

al | owedstatd f@@efew@la@diﬂﬁ it alldve ﬂleQﬁoleéﬁQﬁet‘dBﬂMN lfangestRaht Heserplaitizace
defects, i.e. those %Ieater than 100 macross 20 for 0.5 , deep features.

The §i nakfascRespibe wasst 2echilledhierslightly beioweubeabiant teenmatwg (kesy Ban 29dnder

HRP- 220 ica | us_profilonmeter. Once c o ctor
can be @Edgg(z‘ﬁe Wehlu pga}(rimgegl &WFWF mﬁ% A AT Wgter? arlfs'?’ (3}/%0 Qﬁth 1%%%%Jace
Once t h@orﬁﬁ;@ﬁ%‘fch%h‘t%f(ﬁ’q@ﬁc Ad)rb a6 veHRE nadhdl phadafitdriachall donRayMeivith SEppsr
gone, then Mx A can be used to finish copper renoval and polishing until

st oppi nfrohmthe e feFavitioh hareits subtanbiond teperplues Baigkdingd hy the swrquadingndi um
gal I'i um a ndi um al near mel ting

| d
Ot o teri R orhe Gt Bl iRint P hetp Rl Rl FoE TR B ST A
COppEr , h@@ﬁit—eév'gﬁ FardQv i QA PROQRE tHGRE HROAHDAB8Aer r&ABRE kvtARdn BRIk ichTa

coated silicon wafers. Profilonmetry indicated that the deposition
pl anar i deg rioh ettankethé nfeted planeszancduid bpasedan theadtering Fdhetioneiotreonmthercoppercan

be spun onto the wafer using standard spin tools. The wafer will stand for
a few seconds to allow the nolten netal flow fill recesses and thereby

pl anari ze the 5 wafer. Then the wafer is chilled to slightly bel ow

sub- anbi ent agure (less than 20C) to solidify the nmetal planarizer.

A warm sol ut'on or warm water can be used along with many

15 = The salt-like or molten salt Planarizers, such as BiIONQO3s, BigH;4, B(OH)s, HBOZ — alpha,
beta or gamma, copper acetate, copper nitrate, FeCls, LiClO4, Mg(OH),, Mn(C,H30,)*4H,0,
KNOs, Ag,COs, SO»(NHy),, SNCI,, and Zn(OH),, are applied as a péwder or spun on as a slurry
to control thickness. The wafer is then heated in a controlled atmosphere (vacuum or ineﬁ gas)
to melt the salt without damaging the existing patterned copper damascene features. The melted

20  salt can then flow into the recessed areas, in a similar manner to the molten metals/metal
planarizers listed above, thereby planarizing patterned copper features. The wafer is then cooled
to re-solidify ’élle salts into a planar film on top of the pattered copper. The etchant is then
formulated to remove the copper and at the same time have the proper water and/or acid

composition to remove the salt at a substantially 1:1 rate with the copper.

25 Thus, specific embodiments and applications of spin on planarizers and methods of
production of spin on planarizers and methods of planarizing have been disclosed. It should be
apparent, however, to those skilled in the art that many more modifications besides those already
described are possible without departing from the inventive concepts herein. The inventive
subject matter, therefore, is not to be restricted except in the spirit of the appended claims.

30 Moreover, in interpreting both the specification and the claims, all terms should be interpreted in
21



common etchants (nitric acid) to renove the netal planarizer at a 1:1
selectivity with the copper fromthe wafer which has its sub-anbi ent

t enper at LWwe mms99s@i ned by the surroundi ng instrunentati olCTAse2/eBpper W | |
require an active acid or base for its renoval while a warm 10 liquid -
even warm water could be used for the netal planarizer renoval while an
acid (which does not attack the netal planarizer) could be used in the
etching solution to renove the copper. Exanple 6 15 The salt-like or

nol t en ga) BrodleanmskibRY Banrfet consisenBwWaNGBe cdit&ML fn pddticth3 theHBERS oﬁ‘lppﬂ@@s”

beta or gamma, copper acetate, %gper nitrate, FeCl3, LiClO4, My(OH) 2
Vh( C2H3639 “compmising” jbauld kg dtexpreteshay 1eferyins togigments, SARPIAGIHOP StERT &L &R ed

as a powcqﬁsng% rrl??lr 15 eglcgﬁrrl_%tshgﬂfgrg )éeff}eﬁce(ﬁoéf&{l&lts cgfnﬁgﬁ'&ﬁf ‘or y%ss }ﬁﬁr B% er%er}then

heated iIn vacuum or i’ner e salt

Wi t hout oflai@iine: doftbised with bihepelbinenid edbngRnpes, catms aenereatysresly The
melted 20 salt can then flow into the recessed areas, in a simlar manner
to the mibeaeednetal s/metal planarizers listed above, thereby planarizing
patterned copper features. The wafer is then cooled to re-solidify the
salts into a planar filmon top of the pattered copper. The etchant is then
formul ated to renove the copper and at the sane tine have the proper water
and/or acid conposition to renove the salt at a substantially 1:1 rate
with the copper. 25 Thus, specific enbodi ments and applications of spin on
pl anari zers and net hods of production of spin on planarizers and net hods
of planarizing have been disclosed. It should be apparent, however, to
those skilled in the art that nmany nore nodifications besides those already
described are possible without departing fromthe inventive concepts
herein. The inventive subject matter, therefore, is not to be restricted
except in the spirit of the appended clains. 30 Mdreover, in interpreting
both the specification and the clains, all terns should be interpreted in
21 WO 02/ 059966 PCT/ US02/ 01861 t he broadest possible nmanner consistent with
the context. In particular, the ternms "conprises" and "conprising" should
be interpreted as referring to el enents, conponents, or steps in a non-

excl usive manner, indicating that the referenced el enents, conponents, or
steps may be present, or utilized, or conbined with other elenents,
conponents, or steps that are not expressly 5 referenced.
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22 WD 02/ 059966 PCT/US02/01861 CLAIMS Wsat is clained is: 1. An
el ectroni c conponent, conprising: a substrate layer; a dielectric nmateri al
coupl ed twotlheswebstrate |ayer; a barrier |ayer coupl ed tPeTiUse2/disel ectric
material; a conductive |layer coupled to the barrier layer; and a
protective | ayer coupled to the conductive layer. 2. The electronic
conponent of claiml1l, wherein the dielectric material is porous and has a
dielectric constant less than 3.0. 3. The el ectronic conmponent of claim1,
wherein the barrier |ayer conprises tangghyms tantalumnitride, a stacked
tant al ughhataigyd.tri de sandwi ch, or tungsten nitride (W). 4. The
el ectroni c conponent of claim1, V\/nerel n the conductive | ayer conprises a
transition mateéﬂctromc cOtnposémctangnistmgzonponent of claim 4, wherein the
transition rreta}i copper . 6. The el ectronic conponent of claim1, wherein
the protecti %&" H?@r nprlses a viscous material. 7. The electronic
conmponent ofage@égﬁ gleﬁhgtﬁ@sﬁﬁg{% fpterial hardens when a curing
process is applied to t e Vi Scous nateri ? 8. The el ectroni c conmponent of
claiml, wheabamiet hgepeonpkedtio vee dielperic dogsialiot etch the conductive |ayer.

9. The electronig co onent of claim1l, wherein the protective |ayer
conpri ses anaﬁ?@é‘ﬁpﬁe a&?frfﬁb‘ﬂlﬁétoﬁ’r?haﬁbetré@’ﬁr’&néorrpound a metal material, or

an inorganic, uci ng an el ectroni c conponent
EFO(%W 1&’? #dfe (;SI'%[]) edtoTRd Mu&iveﬁ L

conpri si ng: strate; coupling a dielectric layer to the .
substrate; coupling a barrier layer to the dielectric |ayer;
2. The electronic component of claim 1, wherein the dielectric material is porous and has a

dielectric constant less than 3.0.

3. The electronic component of claim 1, wherein the barrier layer comprises tantalum,

tantalum nitride, a stacked tantalum/tantalum nitride sandwich, or tungsten nitride (WN).

4, The electronic component of claim 1, wherein the conductive layer comprises a transition
metal.

5. The electronic component of claim 4, wherein the transition metal is copper.

6. The electronic component of claim 1, wherein the protective layer comprises a viscous
material.

7. The electronic component of claim 6, wherein the viscous material hardens when a

curing process is applied to the viscous material.

8. The electronic component of claim 1, wherein the protective layer does not etch the

conductive layer.

9. The electronic component of claim 1, wherein the protective layer comprises an organic

compound, an inorganic compound, a metal material, or an inorganic metal salt.

10. A method of producing an electronic component comprising:
providing a substrate;
coupling a dielectric layer to the substrate;

coupling a barrier layer to the dielectric layer;
23



23 WD 02/ 059966 PCT/ US02/01861 coupling a conductive layer to the barrier

| ayer; and coupling a protective |ayer to the conductive |ayer, wherein the
prot ecti weoloaysveé s further planarized or acts as a pl an&Cirasp2/018é1 The
met hod of claim 10, wherein producing the el ectronic conponent further
conprises curing the protective layer. 12. The nethod of claim 11, wherein
curing the protective |ayer conprises heat curing, irradiation curing or a
conbi nati on of heat curing and ashing. 13. The nethod of claim 11, wherein

curing the ppAlfiebi\enl@XRE 15 the 88rrReldyeC ahd! yzation or self-curing.
14. A nethod of planarizing a conductive Surface of an el ectronic conponent

conpri sing: copdvgdipngtectisulbygdritatie; condunive tayen vdieedie therprotecayeelaydras funther
substrate; coupling a barrier layer to the dielectric layer; coupling a
conduct i ve | B\B#11%e8 OF RefS g8 APIARRTIESy er - and coupling a protective |ayer to
the conductive | ayer, wherein the protective |ayer can planarize or can be

pl anari zed. Fhe mbiRABFCRAA 1@ wﬁ%ﬁ%&ﬂuciﬂ@&%ﬂé&ﬂ%ﬁfdF&bhﬁb@n&ﬁ%ﬂe@*a@ﬁbﬁé’&

| ayer to the conductive |ayer er conprises curing the protective
| ayer to a desingdbterdiestoméssr. 16. The net hod of claim 14, wherein
introducing a protective |layer onto a conductive |ayer conprises

i nt roduci ng spi.n-.0 eposition. 17. e t hod, of claim 14, wherein

|t r odubing AlpRBEBLAL SR e G hing SRR UE: 1o Bip i B TS,

i ntroduci ng By dehREIHAREBPS bhhBMatifVE heaEGY e MYRshgvacuum evapor at i on.
18. The method of clainrt1l4, wherein dispersing the protective |ayer across
the conductive |ayer conprises dispersing by relative novenent of the

el ectrohd.c codhpowérod. of thimTHe winetefrociirng thé priotactive laykesasiprisesisdlficptaleation

gzotectlve Igyggﬂ&gg%rlses appl yi ng heat, radlat!on or controlled curing.

14. A method of planarizing a conductive surface of an electronic component coinprising:
providing a substrate;
coupling a dielectric layer to the substrate;
coupling a barrier layer to the dielectric layer;
coupling a conductive layer to the barrier layer; and
coupling a protective layer to the conductive layer, wherein the protective layer can

planarize or can be planarized.

15. The method of claim 14, wherein coupling the protective layer to the conductive layer

further comprises curing the protective layer to a desirable hardness.

16.  The method of claim 14, wherein introducing a protective layer onto a conductive layer

comprises introducing by spin-on deposition.

17.  The method of claim 14, wherein introducing a protective layer onto a conductive layer

comprises introducing by electrodeposition, PVD, PECVD, CVD or vacuum evaporation.

18.  The method of claim 14, wherein dispersing the protective layer across the conductive

layer comprises dispersing by relative movement of the electronic component.

19.  The method of claim 14, wherein curing the protective layer comprises applying heat,

radiation or controlled curing.
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WO 02/ 059966 PCT/ US02/01861 20. The nethod of claim 14, wherein curing the
protective |ayer conprises self-catalyzation. 21. The nethod of claim 14,
wher ei n iwWDrooasdre1g t he et ching solution conprises spin @CTHiSozgo01882. The
met hod of claim 14, wherein dispersing and planarizing the protective |ayer
across the conductive |ayer to substantial planarity conprises etching to
a degree of planarization of 1.0. 23. The nmethod of claim 14, wherein

di spersing and planarizing the protective |ayer across the conductive

llayer topsubshapetiald dlcidiaridg Wh@&[@éﬂrﬁ?&h@ﬁ&tﬂcﬂge 19 digaiseesedf catalyzation.
pl anari zation of 0.8. 24. The nethod of claim 14, wherein dispersing and

pl anari zj ng e protective |layer across .the conductive |ayer.to .
subst an i'al EP*%\H%FI?W c,ch)aﬁlﬁr]i‘lsé’z‘e’?flb TRGUGUS T FEEMES oS ODAOHRESTS R on of
0.6. 25 etching.

22.  The method of claim 14, wherein dispersing and planarizing the protective layer across
the conductive layer to substantial planarity comprises etching to a degree of

planarization of 1.0.

23.  The method of claim 14, wherein dispersing and planarizing the protective layer across
the conductive layer to substantial planarity comprises etching to a degree of

planarization of 0.8.

24.  The method of claim 14, wherein dispersing and planarizing the protective layer across
the conductive layer to substantial planarity comprises etching to a degree of

planarization of 0.6.
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