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particularly to void-free and sean ess subm cron structures fabricated by
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form ng interconnections on e evices s as Integrated circuit
chips. The anount of Cu in AICu is typically in the range from.3 to 4

percent. 20 Repl acenent of Al Cu by Cu and Cu alloys as a chip
i nterconnection material resultsidifAdNANEtRECInGenRldnOr Mance. Performance
is inproved because the resistivity of Cu and certain copper alloys is |ess

than the resistivity of Al Cu; thus narrower |lines can be used and hi gher
W ring densities
This invention relates to interconnection wiring on
electronic devices such as on integrated circuit (IC) chips
and more particularly to void-free and seamless submicron
structures fabricated by Cu electroplating from baths that

10 contain additives conventionally used to produce bright,

level, low-stress deposits.

Background of the Invention

15 AlCu and its related alloys are a preferred alloy for
forming interconnections on electronic devices such as
integrated circuit chips. The amount of Cu in AlCu is

typically in the range from .3 to 4 percent.

20 Replacement of AlCu by Cu and Cu alloys as a chip
interconnection material results in advantages of performance.
Performance is improved because the resistivity of Cu and
certain copper alloys is less than the resistivity of AlCu;
thus narrower lines cvan be used and higher wiring densities

25 will be realized.

The advantages of Cu metallization have been recognized



25 will be realized. The advantages of Cu netallization have been

recogni zed8 8127585 . PCTIUS96{19592 .
PCT1US96/ 198¢ the entire sem -conductor industry. Copper netallization
has been the subject of extensive research as docunented by two entire

I ssues of the Materials Research Society (MRS) Bulletin, one dedicated to

acadenm ¢ research on this subject in MRS Bulletin, Volume XVIII, No. 6
(June 1993) Xn&gteh@n&:%@r %féﬁ‘&ﬂ TPT RAYFEEY - r eSeRPRE MARtRRSIBaCEeN N,

) 994).. 1993 by Lut t .al., Planar
o Sl PRGBSI B2, 5 ST HAIE 18 neibilly 1
: Tl LE . ~San , ,
June 85, 1595 erife Lfmned G Lot Iale Resratin. fioRiety <§r%%>
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Chen ool VabulTpet 1 drit qedoed e TR ANt SeedtBRoBA EnT i B cer

met hodg for jdepRY w1 hn BardL Uit hegsr ©f ¥ePosi (ke NP5 58) | %nlr QARCS (e
best confor mal '
dedicated to industrial research in MRS Bulletin, Volume XIX,
No. 8 (August 1994). A 1993 paper by Luther et al., Planar
Copper-Polyimide Back End of the Line Interconnections for
ULSI Devices, in PROC. IEEE VLSI MULTILEVEL INTERCONNECTIONS
10 CONF., Santa Clara, CA, June 8-9, 1993, p. 15, describes the

fabrication of Cu chip interconnections with four levels of

metallization.

Processes such as Chemical Vapor Deposition (CVD) and

15 electroless plating are popular methods for depositing Cu.
Both methods of deposition normally produce at best conformal
deposits and inevitably lead to defects (voids or seams) in
wiring especially when trenches have a cross section narrower
at the top than at the bottom as a result of lithographic or

20 reactive ion etching (RIE) imperfections. Other problems of
CVD have been described by Li et al., Copper-Based
Metallization in ULSI Structures - Part II: Is Cu Ahead of
its Time as an On-chip Material?, MRS BULL., XIX, 15 (1994).
In electroless plating, while offering the advantage of low

25 cost, the evolution of hydrogen during metal deposition leads
to blistering and other defects that are viewed as weaknesses

for industry wide implementation.
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the bottomas a result of |ithographic or 20 reactive ion etching (RIE)
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- PCTI US96/ 19582 24= , @l7act ("aigat W&lﬁmcﬁs&sﬁué&roﬂe@eébbb&g2@0pﬁ®r93 Sidyes, or
gold onto a sem conductor wafer is described in US Patent 5,256,274 (' 274),

| whi ch i ssuedperri€ct olter FGy. 19Bf t2Pa, PPrésppéd EoBdubhcdf i's? Ehovwh GRDPE
. conductor is shown with a 5 seamin its center with the Iegend " GO0D"
iand in Big. 3Bam in its center with the legend "GOOD" and in Fig. 1B a
copper conductor is shown with a void in its center with the
legend "BAD." The plating bath contained 12 ounces/gallon of
water of CuSQO,, 5H,0, 10% by volume of concentrated sulfuric
acid, 50 parts per millions of chloride ion froﬁ hydrochloric
10 acid, and TECHNI-COPPER W additive 0.4 % by volume provided by
Technic Inc., P.O. Box'965, Providence, RI 02901. Plating was

selectively deposited through an inert mask.

Summary of the Invention
15

A process is described for fabricating a low cost, highly
reliable Cu interconnect structure for wiring in integrated
circuit chips with void-free seamless conductors of sub-micron
dimensions. The process comprises deposition of an insulating

20 material on a wafer, lithographically defining and forming
sub-micron trenches or holes in the insulating material into
which the conductor will be deposited to ultimately form lines
or vias, depositing a thin conductive layer serving as a seed
layer or plating base, depositing the conductor by

25 electroplating from a bath containing additives and
planarizing or chemical-mechanical polishing the resulting

structure to accomplish electrical isolation of individual
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resist layer on the seed layer, electroplating conductor
material on the seed layer not covered by the patterned resist
from a bath containing additives, and removing the patterned

resist.

The invention further provides a process for fabricating
an interconnect structure on an electronic device with
void-free seamless conductors comprising the steps of forming
an insulating material on a substrate, lithographically
defining and forming lines and/or vias in which
interconnection conductor material will be deposited, forming
a conductive layer serving as a plating base, forming a
patterned resist layer on the plating base, depositing the
conductor material by electroplating from a bath containing

additives, and removing the resist.

The invention further provides a process for fabricating
an interconnect structure on an electronic device comprising
the steps of forming a seed layer on a substrate having
insulating regions and conductive regions, forming a blanket

layer of conductor material on the seed layer from a bath
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l i nes andlﬁ; (ﬁ?!% The invention further provides a process por/dsabi9s9zati ng
an i nter confet ructure on an el ectronic device conprising 5 t he steps
of formng a seed | ayer on a substrate having insulating regions and
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fabricating an |nterc nect structure on an electronic device wth
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deposited, form ng a conductive |ayer serving as a plating base, formng a

5 interconnections on an electronic device comprising Cu
including small amounts of a material in the Cu selected from
the group consisting of C (less than 2 weight percent), O
(less than 1 weight percent), N (less than 1 weight percent),
S (less than 1 weight percent), and Cl (less than 1 weight

10 percent) formed by electroplating from a bath containing

additives.

The interconnection material may be Cu electroplated from
baths that contain additives conventionally used to produce

15 bright, level, low-stress deposits. The rate of Cu
electroplating from such baths is higher deep within cavities
than elsewhere. This plating process thus exhibits unigue
superfilling properties and results. in void-free seamless
deposits that cannot be obtained by any other method.

20 Interconnection structures made by Cu electroplated in this
manner, are highly electromigration-resistant with an
activation energy for electromigration equal to or greater
than 1.0 eV. The conductor is composed substantially of Cu
and small amounts of atoms and/or molecular fragments of C

.25 (less than 2 weight percent), O (less than 1 weight percent),
N (less than 1 weight percent), S (less than 1 weight

percent), and Cl (less than 1 weight percent).
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devi ce conprisipgaChebBelivdi.ng small amounts of a material in the Cu
selected fromthe group consisting of C (less than 2 wei ght percent), O
(less tgan 1 weight percent), N (less than 1 weight percent),

It is an object of the present invention to electroplate
conductors of Cu such as interconnect wiring without leaving a

seam or a void in the center of the conductor.

i0 It is a further object of the present invention to
electroplate conductors of Cu with substantially uniform
filling thickness where the conductors have a difference in
widths such as less than 1 micron and greater than 10 microns.
The depth to width ratio of a conductor may be equal to or

15 greater than 1. The depth to width ratio of a via may exceed

1.

It is a further object of the present invention to lower
the manufacturing cost of integrated circuits by the combined
20 effects of 1) blanket deposition of Cu by electrolytic
plating, 2) dual damascene fabrication (an approach in which
two levels of metallization are fabricated in a single
blanket-deposition step), and 3) the ability to planarize the
upper surface by processes such as chemical mechanical

25 polishing.
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in conjunction with the drawing in which:

Figures 1-5 are cross-sectional views of intermediate
structures illustrating the formation of interconnection

10 wiring.

Figure 6 shows multi-level wiring patterns formed with

one plating step.

15 Figure 7 illustrates early stages of deposition with the
deposition rate deep within the feature being greater than the

deposition rate outside of the features.

Figure 8 shows late stages of deposition with the

20 deposition rate inside of the features being greater than the

deposition rate outside of the features.
Figure 9 illustrates early stages of deposition with the
deposition rate inside of the features being slower than the

25 deposition rate outside of the features.

Figure 10 shows late stages of deposition with the
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greater than 1. The depth to width ratio of a via nay exceed 1. It is a
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integrated circuits by the conbined 20 effects o eposition

of Cu by el erigcditiicn Rhald Hbind) theal sHamasconte fahdi satipge(8Rr aprroach
in which
features. )

Figure 12 shows late stages of deposition with the
deposition rate being the same inside and outside of the

10 features.

Figure 13 shows a cross-sectional view of a sequence of

plating profiles.

15 Figure 14 shows a cross-sectional view of a feature
plated electrolytically using a plating bath without

additives.

Figure 15 shows a cross-sectional view of a feature

20 plated electrolytically using a plating bath with additives.

Figure 16 is a cross-sectional view of a substrate having

both submicron and wide cavities to be plated.

25 Figure 17 is a cross-sectional view of the substrate of
Figure 16 which has been subsequently plated in a wafer

immersion-type plating cell.



two levels of netallization are fabricated in a single blanket-deposition
step), andwd)odid¥essbi ity to planarize the upper surface by PEBRSSEESILuch
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PCTI US96/ 19592 Bri ef Description of the Drawi ngs These and ot her features,
obj ects, and advantages of the present invention will become apparent upon

consideration of g§gyyd e 0l 'aPV& sed@id fShILSE{ERt bONLRE LSRR 14N

when read in conjunctlon with the drawng in which: Figures 1-5 are

cross-secti @rahrd aus WwHidte{drash o esPbdgheti€by | plaskaatihng the formation
of interconneCtion 10 wiring. Figure 6 shows multi-level wiring patterns

formed w t hmend sthaiitipesstEiatily cell (cp plLcdr) | WHeteatbe e@fley St ages
of deposition with the deposition rate deep within the feature being
greater thasudface is brought into contact with the upper surface or

5 meniscus of the electrolyte.

Figures 19 a-d are a grain orientation map, grain
contrast map, inverse pole figure and (111) pole figure of the
same region for a 1 micron thick plated Cu film.' The grain

10 size is approximately 1.4 microns and the crystallographic

texture is random.

Figures 20 a-d are a grain orientation map, grain
contrast map, inverse pole figure and (111) pole figure of the
15 same region for a 1 micron thick PVD (physical vapor
deposition, magnetron sputter deposited) Cu f£ilm. The grain
size is approximately 0.4 microns and this film has a strong

(111) /(100) crystallographic texture.

20 Figures 21a and 21b show the change in resistance versus
time (hours) for plated Cu versus a) CVD Cu and b) PVC Cu
films. The change in resistance is related to the amount of
electromigration damage in the Cu line. Clearly plated Cu has
a much improved electromigration behavior than either CVD or

25 PVD Cu. The activation energy for plated Cu is 1.1-1.3 eV

while that for PVD Cu is considerably less (0.7-0.8 eV).



deposition rate outside of the features. Figure 8 shows | ate stages of
deposition with the 20 deposition rate inside of the featpEpyshifions
greater théﬁpfwsﬁeposition rate outside of the features. Figure 9
illustrates early stages of deposition with the deposition rate inside of
the features being slower than the 25 deposition rate outside of the

features. Figure 10 shows | ate stages of deposition with the 7 WO
98/ 27585 Figures 22-26 are cross-sect1onakty;ggg61&@gg§r@§gg§itiOn

rate inside of the features being slo t han t he deposition rate outside
of the feat ﬁgg_uq%-gqﬁ% J@arqltrl%?‘?%tae\gﬁrearf??ﬁ #39es of deposition with the
5 deposition rate being the same inside and outside of the features.
Figure 12 shows | ate stages of deposition with the deposition rate being

the same inside %%%d%géﬂégifﬁ 38 Hboss-SEXAVEEST views illustrating

5 through-mask plating on an excavated base.

Figures 32-35 are cross-sectional views illustrating

blanket plating followed by pattern etching.

10 Detailed Description of the Embodiments

A Damascene plating process is one in which plating is

done over the entire wafer surface and is followed by a
planarization process that isolates and defines the features.

15 Plating is preceded by the deposition of a plating base over
the entire wiring pattern that has been defined
lithographically. Layers that improve adhesion and prevent
conductor/insulator interactions and diffusion are deposited
between the plating base and the insulator. A schematic

20 representation of the process is shown in Figs. 1-5. The
insulator layer (Si oxide, polymer) 1 cladded by
etch/planarization layers (Si nitride) 2 and 7 is first
deposited on the wafer 8; a resist pattern 3 is formed on the
cladded insulator and transferred to the insulator; a barrier

25 material 4 and a seed layer (Cu) 5 are subsequently deposited,
and Cu 6 is electroplated so that all features are filled; the

structure is brought to its final shape as shown in Fig. 5 by

10



Fi gure '13 shows a cross-sectional view of a sequence of plating profiles.
5 - WO $8478ss14 shows a cross-sectional view of a feat UPEI/PBYPE92

el ectrolytically using a plating bath without additives. Figure 15 shows a
cross-sectional view of a feature 20 pl ated el ectrolytically using a
plating bath with additives. Figure 16 is a cross-sectional view of a

substrate haylng Aot UPM ofon ALy 09 £ad WSSO PErRbEEEnida1ly
Figure 17 is a cross-sectional view of the substrate of Figure 16 which has

been subsequ@nidiypIld atsrblid o W ledHBRIRIOHY PEnPLBAEDE 68| kho®n inNO
98/ 27585 PCT1US96/ 19592 Figure 18

IS a cross-gaef. @aliyitw Hfcddie- sabdd af o cdit i emd Ghaolli, chhbasaagen
subsequently plated in a neniscus-type plating cell (cup plater) where the
waf er surf asegquerweoughtlaydo deprsct ion tis tfwl lgwped . sur f ace or
- .
In order to avoid the formation of a void or seam in Cu
6, the rate of electroplating should be higher at low or deep
points within the feature than elsewhere. This is illustrated
in Figs. 7-12 where three possible cases of metai deposition
10 are described. 1In the first case shown in Figs. 7 and 8,
metal deposition within features 11 by using additives to the
plating bath is faster than outside feature 11 at point 12 and
results in void-free and seamless deposits (superfilling)
shown in Fig. 8. The preferential deposition in the interior
15 of features may be due to lower transport rates of additives
at those locations which in turn leads to an increase in the
local rate of Cu deposition. Specifically at interior
corners, the rate of additive transport is lowest thus the
rate of Copper deposition is highest. 1In the second case
20 shown in Figs. 9 and 10, metal deposition within features 14
is slower than outside the feature 14 at péint 15 and results
in voids and high-resistivity lines or vias because deposition
within low points 16 of features 14 is from a bath with higher
degree of depletion of the depositing ion. The higher degree
25 of ion depletion gives rise to a locally elevated

overpotential in the plating bath for the deposition reaction.

In the third case shown in Figs. 11 and 12, deposition rates

11
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considerably less (0.7-0.8 eV). 9
acceptable deposits can be obtained by conformal filling, a
seam 19 in Cu metal 6 is inevitable in lines and vias with a
high aspect ratio. In a reentrant profile, confprmed filling
is not forgiving and will result in a void. It is evident
10 that plating with superfilling as shown in Figs. 7 and 8 is
the required and preferred method for Damascene processing.
Electrolytic plating from appropriately formulated solutions
is one of the best ways to accomplish the type of deposition
shown in Figs. 7 and 8. Superfilling and its relevance to Cu
15 metallization is totally unknown; for example, in the
publication by Li et al. cited above, Li et al. stated that
the via filling capability of electrolytic Cu plating is

"fair-poor."

20 Superfilling by the use of additives in the plating bath
makes it possible to create void-free and seamless lines and
vias even if the lithographic process produces features or
cavities 22 in a dielectric layer 1 that are narrower at the
top than at the bottom as shown in Fig. 13. Electroplating

25 according to the invention herein is one of the best ways by
which void-free and seamless lines and vias can be

accomplished. Other methods of deposition such as CVD which

12
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pl anar base. Figures 27-31 are cross-sectional views illustrating 5

t hr ough- mask plating on an excavated base. Figures 32-35 are
cross-sectional views illustrating blanket plating followed by pattern

etching. 10, pest r%enerat%ﬂf%%%é)ﬁié@ %e%hgagwoqiegﬁmt% Rross

Danascene plating process is one I'n ating 1s done"over the entire
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defines the teatures. ating Is preceded by the deposition of a

pl ati ng base&iQueratdpoedddre Nd i NorPathesd dhatatasibeenzdeh Rre@ielectric
| it hographically. Layers that inprove adhesi on and prevent
conduct or/ i nslaioraréteiacsvansatanthei tépistivan ane dhpobbtedrbetumertlidte
pl ati ng base and the insulator. A schematic 20 representation of the
process i s shicdewall R2ysmat-Horm Tdre amsgld avdrh| ayeert Scadx reéfensrigamerinag
cl added by etch/planarization layers (Si nitride) 2 and 7 is first

24 with respect to the top surface 26 in the range from 0 to

20° as shown by arrow 27.

Copper plating from solutions incorporatinj additives

10 conventionally used to produce level deposits on a rough
surface can be used to accomplish superfilling required to
£ill sub-micron cavities. One suitable system of additives is
the one marketed by Enthone-OMI, Inc., of New Haven,
Connecticut and is known as the SelRex Cubath M system. The

15 above additives are referred to by the manufacturer as MHy.
Another suitable system of additives is the one marketed by
LeaRonal, Inc., of Freeport, New York, and is known as the
Copper Gleam 2001 system. The additives are referred to by
the manufacturer as Copper Gleam 2001 Carrier, Copper Gleam

20 2001-HTL, and Copper Gleam 2001 Leveller. And another
suitable system of additives is the one marketed by Atotech
Usa, Inc., of State Park, Pennsylvania, and is known as the
Cupracid HS system. The additives in this system are referred
to by the manufacturer as Cupracid Brightener and Cupracid HS

25 Basic Leveller.

Examples of specific additives which may be added to a

13
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‘additives totbhg plating bath such as poly alkanol quaternary-ammonium

salt which formed as a reaction product to give bright, highly
ductile, low stress and good leveling copper deposits from an
aqueous acidic copper plating bath which patent is
incorporated herein by reference.

10

U.S. patent 4,376,685, which issued on March 15, 1983, to

A. Watson, entitled "Acid Copper Electroplating Baths
Containing Brightening and Leveling Additives," described
additives to a plating bath such as alkylated

15 polyalkyleneimine which formed as a reaction product to
provide bright and leveled copper electrodeposits from an

aqueous acidic bath which patent is incorporated herein by

reference.

20 U.S. patent 4,975,159, which issued on December 4, 1990,
to W. Dahms, entitled "Aqueous Acidic Bath for Electrochemical
Deposition of a Shiny and Tear-free Copper Coating and Method
of Using Same," described adding to an aqueous acidic bath
combinations of organic additives including at least one

25 substituted alkoxylated lactam as an amide-group-containing
compound in an amount to optimize the brightness and dﬁctility

of the deposited copper, which patent is incorporated herein

14



plating bath is faster than outside feature 11 at point 12 and results in
voi d-free apgosemEsess deposits (superfilling) shown in Fig. PETU$H6/19592
preferential deposition in the interior 15 of features may be due to
. lower transport rates of additives at those |ocations which in turn | eads
to an increase in the local rate of Cu deposition. Specifically at interior

- corners, theb§a%§f8§eﬁgg't'iﬁ tr.ans déd654(@*§“1§¢U5ré$@érﬁtflgéscgpper
~deposition is*highest. In the second case 'shown in Figs. 9 and

met al deposi hi@BeW bhi alk@ﬁwae&dlialc&a%{g)wld}hmﬁtﬁéI&@dédmetéeat yaehlin
at point 15 and results in voids and high-resistivity lines or vias because

deposi tion wih8i inkewnpoinentbonf. f aalleeS I14 st 4 romimibet hof t h hi gher
degree of depletion of the depositing ion. The hi gher degree 25 of ion
depl eti on gi ¥esfursechtadnliagalkclonpehemds ed thy erguendohbbihi 2 hegpbadbupg
bath for the deposition reaction. In the third case shown in Figs. 11 and
12, depbsiti snchages3thercapPo@dopas85 1-sulfonic acid which may be added
PCTI US96/ 19592

to a bath in the ipstant invention. Table III lists organic

compounds such as polyethylene glycol which may be added to a

bath as surfactants in the instant invention.

10 U.S. patent 3,770,598, which issued on November 6, 1973,
to H-G Creutz, entitled "Electrodeposition of Copper from Acid
Baths, " describes baths for obtaining ductile, lustrous copper
containing therein dissolved a brightening amount of the
reaction product of polyethylene imine and an alkylating agent

15 to produce a quaternary nitrogen, organic sulfides carrying at
least one sulfonic group, and a polyether compound such as
polypropylene glycol, which patent is incorporated herein by

reference.

20 U.S. patent 3,328,273, which issued on June 27, 1967, td
H-G Creutz et al., entitled "Electrodeposition of Copper from
Acidic Baths, " describes copper sulfate and fluoborate baths
for obtaining bright, low-stress deposits with good leveling
properties that contain organic sulfide compounds of the

25 formula XR,-(S,)-R,-SO,H, whefe R, and R, are the same or
different and are polymethylene groups or alkyne groups

containing 1-6 carbon atoms, X is hydrogen or a sulfonic

15




everywhere, inside feature 17 and outside feature 17 at point 18, are equal

(conf or mal v{r]bl % }, because there is no local ion depletion pariiigeigsnii d
pl ati ng bat 3 ﬂ@ecause the additives and their beneficial effects
5

(preferential deposition in interior features) are mssing. Al though
nearly acceptabl e deposits can be obtained by conformal filling, a seam 19

! bl e dep¢ an be ned : st ;2 seam.

L Gent Tant kR SHALALE Lh ##?%5%%5??%8??1%% PEIRE” AR PASERK (9 n
id. i i t 0

Fios. 7 ang BRERGER edieralA0by RBELRERALL | RUGEL bhat 18 BRe3OMROD

~processing. &eddotyin Cp@i?éi:ﬁ&r‘;] et&@aeﬁagprbﬂ%shycf e ek gb.ed w&%'wgigg%%f

one of the best ways to acconplis e type of deposition shown in

and 8. Superdilphuly #66mé} San@! EMNEALLIHE §edbd In”ﬁt.Q'.!FEEEhQHBi,%ztSQt@'tj,y

unknown; for exanple, in the publication by Li et al. cited above, Li e

al . staed thaéld he Viatéi &l higbeérpabi bblysolfebectembyhin@sCuhRlcd inl2g, e
“fair-poor." 20 Superfilling by the use of additives in the plating
 bat h makes iddgmdsidl @ bathriaf eheoidstant aAndemtdohessThbies Iand iwtas :ven
i f the |ithographic Erocess produces features or
number of polyethers which may be added to a bath in the

instant invention.

10 Additives may be added to the bath for accomplishing
various objectives. The bath may include a copper salt and a
mineral acid. Additives may be included for inducing in the
conductor specific film microstructures including large grain
size relative to film thickness or randomly oriented grains.

15 Also, additives may be added to the bath for incorporating in
the conductor material molecular fragments containing atoms
selected from the group consisting of C, O, N, S and Cl
whereby the electromigration resistance is enhanced over pure
Cu. Furthermore, additives may be added to the bath for

20 inducing in the conductor specific film microstructures
including large grain size relative to film thickness or
randomly oriented grains, whereby the electromigration

behavior is enhanced over non-electroplated Cu.

25 Figure 14 shows a cross-sectional view of the
cavity-filling behavior of a plating solution containing 0.3 M

cupric sulfate and 10% by volume sulfuric acid of the prior

16




o e+ o e seebmetaa ey ekt s S

Ak e e e =

cavities 22 in a dielectric layer 1 that are narrower at the top than at
the botto 9§@£§g in Fig. 13. Electroplating 25 ~accor di PCTIUS96/MS92

i nvention réin 1s one of the best ways by which void-free and seanl ess

| ines and vias can be acconplished. O her nethods of deposition such as CVD
whi ch 12 WD 98/ 27585

PCT[ US96/ 19902 at besl; genetatee cnt gL el BEok Les olpeykhallord qad, 4, or oss

def ects espggidlly ographi ¢ rnperfecti ons 0o Ki'nd are present

i.e., feat Urftq%&qgnéfaelé%gés Lﬁﬂe@ogi‘é' Eg%\%iéflfaést hat v%?:‘io‘&%r rl@ﬁ%ftii%né {Eﬁf 3

top than at tom such t Si 23 may forman angle w

vertical ref eerl?&ddf@ Aol 48t EBRPRThgt Bnbheybanogukhiagengb i nd hes radge
fromO to 20[err] as shown by arrow 27. "Copper pl ating fromsol utions

i ncor por at i RehAdddh #eEmd D depsod¥ENbEOLal By Hgedobeapheduce Hndleleppsi t's
on a rough surface can be used to acconplish superfilling required to fill
sub-m @ on cpddies. okbeisadtiapl eheysamm sbladdon ¥eswhich chloride ion
and MHy additive have been added, exhibits superfilling as
shown in Figure 15. The deposition rate deep within the
feature is higher than elsewhere, and finally the deposit of
Cu 36 shown in Fig. 15 will be void-free and seémleés due to
10 higher plating rates inside the feature than outside the
feature. MHy concentrations that produce superfilling are in
the range from about 0.1 to about 2.5 percent by volume.
Chloride ion concentrations are in the range from 10 to 300
ppm.
15
Similar superfilling results are obtained from a solution
containing cupric sulfate in the rate from 0.1 to 0.4M,
sulfuric acid in the range from 10 to 20% by volume, chloride
in the range from 10 to 300 ppm, and LeaRonal additives Copper
20 Gleam 2001 Carrier in the range from 0.1 to 1% by volume,
Copper Gleam 2001-HTL in the range from 0.1 to 1% by volume,
and Copper Gleam 2001 Leveller in the range 0 to 1% by volume.
Finally, similar superfilling results are obtained from a
solution containing cubric sulfate, sulfuric acid, and
25 chloride in the ranges mentioned above and Atotech additives
Cupracid Brightener in the range from 0.5 to 3% by volume and

Cupracid HS Basic Leveller in the range from 0.01 to 0.5% by

17



t he one marketed by Enthone-OM, Inc., of New Haven, Connecticut and is
known as the 3& %% Cubath M system The 15 above addi ti vpprRisesigdEr r ed
to by the naRara rer as MHy. Another suitable systemof additives is the
one marketed by LeaRonal, Inc., of Freeport, New York, and is known as the
Copper d eam 2001 systen1 The additives are referred to by the manufacturer
as Copper Qe 2001 Carrier, Copper deam 20 2001- HTL, and Copper G eam
2001 Level | éfP1UBRd anot her suitable system of additives is the one

mar keted by Atotech USA, Inc., of State Park, Pennsylvania, and is known as
t he Cupracid HS system The additives in this systen1are referred to by the

Eeampl os-of spec TTe Bidr Fhb S0+ERELAB0CaCUBLIRLA BRuS rar WA ST
PCT[ U896119g§20@@&@ gﬁpébmm%@nsﬂ gﬁsm&beanar ﬁl%sersb%%@ 2 S Helrures

pat ents patent 4, 110, 176, ~whi ch i ssued on Adgust
5 or cav1t1es when performed in conventional platlng cells, such

as paddle plating cells described in U.S. patents 5,516,412,
5,312,532, which issued on May 17, 1994 to P. Andricacos et
al., and U.S. patent 3,652,442. However, a further benefit
described below is realized when the process is performed in a

i0 plating cell in which the substrate surface is held in contact
only with the free surface of the electrolyte, for example a
cup plating cell described in U.S. patent 4,339,319, which
issued July 13, 1982, to S. Aigo, which is incorporated herein
by reference. The benefit here is the superfilling of wide

15 cavities in the range from 1 to 100 microns, which may be

present among the narrow (submicron) features or cavities.

In a plating cell in which the substrate is submerged in
the electrolyte, wide features in the range from 1 to 100
20 microns will f£ill more slowly than do narrow features having a
width less than 1 micron, such as about 0.1 and above; hence
wide features necessitate both a longer plating time and a
longer polishing time to produce a planarized structure with
no dimples or depressions on the top plated surface.
25
In contrast in a cup plating cell, when the substrate

surface to be plated is held in contact with the meniscus of

18



1978, t0 HG Creutz deceased et al ., entitled "El ectrodeposition of Copper"

described tfg opsmsssf additives 5 to a plating bath such a@CFAISP6aRAnoI
guat er nary-anmoni um salt which forned as a reaction product to give bright,
hi ghly ductile, low stress and good | evel i ng copper deposits from an

aqueous aci di c copper plating bath which patent is incorporated herein by

reference. ; | I 3SN8G (V238 14983 £L P
{ WAt son, ent %éeJdéleAgﬁggmgﬂpc%eraz%lS%?r &\[%{I%é#l@ng%%at hsl@éont aﬁjnklérlagC ri ghfgnl ﬁgt

‘and Level i ng,f\dghki ¥88n" agesetisbeharddi iiveor ardl Rrddder biidn suemasrons
; al kyl ated 15 pol yal kyl enei m ne which fornmed as a reaction product to

provi de bri ghteanpsihedetapigogpandeleacinigdeosites ammnmateagqueous acidic
bat h which patent is incorporated herein by reference. 20 U. S.
patent 4,975,159, which issued on Decenber 4, 1990, to W Dahns, entitled
"Aqueous Acidic Bath for Electrochem cal Deposition of a Shiny and
Tear-free Copper Thet megiscusMetthdheofelggitnplSaee,i's déwrerdwededddPpgrt o an
aqueous aci di.c bath conbinations of organic additives including at |east
one surface of a column of liquid. The curved upper surface may
be convex such as from capillarity or due to liquid flow such

as from an upwelling liquid.

10 Figure 16 is a cross-sectional view of a substrate 60
which may have an upper layer of dielectric 61 such as silicon
dioxide having surface features or cavities 62 and 63 formed
therein for damascene wiring. Cavities 62 may have a width
less than one micron and cavity 63 may have a width in the

15 range from 1 to 100 microns. A liner 64 may provide adhesion
to dielectric 61 and provide a diffusion barrier to metals
subsequently plated. Liner 64 may be conductive to act as a
plating base for electroplating or an additional plating base

layer may be added.

20
Figure 17 is a cross-sectional view of substrate 60
having an electrodeposit of metal 66 sufficient to fill
cavities 62 and to f£ill the wide cavity 63 which was plated in
an immersion-type cell. 1In Figure 17, wide feature 63 fills
25 slower than narrow or submicron features 62. The upper

surface 67 has a dip 68 over feature 63 with respect to the

average height of metal 66.
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25 substituted al koxyl ated | actam as an ani de- group-contai ni ng conpound
I n an anmount to imze the brightness and ductility of thepdppQsdio8sh
copper, whith? 5&@% is incorporated herein 14 WO 98/ 27585

PCT/ US96/ 19592 by reference. In U S patent 4,975,159, Table | lists a
nunber of al koxyl ated | actans which may be added to a bath in the instant

i nvention. Table 1l ljsts a nunber of sulfur-containing conpounds with

wat er - sol ubi | i zi Ng* FiAWES 17 anknlés %lh%rE%EFﬁﬁﬁﬁﬁﬁnérP ygefokior aci d
whi ch may be. ad ed to & bat h |n it he |nst |nven£|on Table 111 lists
organic co VR I PREIHRT e} 5 ?c%?pﬁﬁ? HSnBf Bd98ddéd 8 Wath
as surfactants in the instant invention. U S patent 3,770,598,
whi ch issued on Novenber 6, 1973, to HG Creutz entitled

"Bl et rodeposi t oy 4l Copper, 1105 Agk U Bt DSnay IGSEL BES RALES Lar o

obt ai ning ductil e, | SSO

S copper cantal ni ng here I'n

- bright epi ng 1Py o éi‘@cif@&éﬂu&é‘i@@ﬂuﬁétgi ge! ¥RLBK fEG LW g and an

al kyl ati ng agent .
sufficient to fill .cavities 62 and to £ill wide cavity 63

which was plated in a meniscus-type cup plating cell. As
shown in Figure 18, the substrate may be placed in contact
with the surface of the bath. The bath may be flowed at the

10 surface of the bath.

In Figure 18, wide feature 63 fills as fast as narrow
features 62. The upper surface 69 has a very little dip over
feature 63 with respect to the average height of metal 66.

15 Accordingly, we describe a mode of the invention in which the
plating is done in a cup plater to achieve even superfilling
of narrow and wide features. It is believed that the superior
performance of meniscus plating is due to the higher
concentration and perhaps different orientation of the

20 surface-active additive molecules at the air-liquid surface.
Though these molecules may begin to redistribute when the
substrate is introduced, residual effects probably persist

throughout the plating period, several minutes in duration.

25 The electroplated Cu metal 66 shown in Figs. 16 and 17
consists substantially of Cu and may also contain small

amounts of atoms and/or molecular fragments of C (less than 2

20



i
. 15 to produce a quaternary nitrogen, organic sulfides carrying at |east
one sul fonic (?ro/%% and a pol yet her conpound such as pol ypr oppcensgissepl ,
whi ch paten & g%rporated herein by reference. 20 U. S. patent
3,328,273, which issued on June 27, 1967, to HG Creutz et al., entitled
"El ectrodeposition of Copper fron1Acidic Bat hs, " descri bes copper sulfate

ovel 1 ng. pr opAdES RECSRoht ol heBr Galire-8uF Fhe Lo SRt 0o G T pa? ress
‘formul a [err] mherf ﬁi?&ﬁ%kgggcgggsr]SaQEeEQetﬁaﬁelo@eQP%b ﬂ%ﬁcéﬂ“%fﬂéi Cl

polynethylen Ibups or roups contai ni 6 ca n-atons, X is

~hydrogen or a suliophgnly wﬁlgﬁp g@%@@ﬁ%@z 0.8/ 2633% 165R1P cHiSbAkASs an

i nt eger of 2- |ncIu5|ve tent is incorporated herein by reference.

::@.d?'ht L?Q?'ng &ﬁéfeﬁewsoﬂﬁlﬁaeteawoaoltyl@t BetoRPERAENdS ST GATHL: Swbé i des
é | 5 are subsequently incorporated in the deposit 66 in the
probable form of molecular fragments rather than atoms.
Chlorine is co-absorbed due to its synergistic role in
activating additive action. As a result, it is believed that

these inclusions reside in the grain boundaries and in so

10 doing, they do not affect the resistivity of the plated metal.

Indeed, measurements of the resistivity of the plated Cu yield
values lower than 2 puQcm. It is also believed that the same
molecules by virtue of the fact that they reside at grain
boundaries of Cu render the electromigration resistance of

15 electroplated Cu much better than that of pure Cu that has

been deposited by other processes.

The grain size of electroplated Cu is generally larger

than that produced by other Cu deposition techniques (see

20 Figures 19 a-d and 20 a-d). Figures 19 a-d are, respectively,
a grain orientation map, grain contrast map, inverse pole
figure and (111) pole figure of the same region for a 1 micron
thick plated Cu film. The grain size is approximately 1.4
microns and the crystallographic texture is random. Figures

25 20 a-d are, respectively, a grain orientation map, grain
contrast map, inverse pole figure and (111) pole figure of the

same region for a 1 micron thick PVD Cu film. The grain size

21




sul phur atoms, and phenazine dyes. In U S. patent 3,328,253, ?ﬂmg'?;ﬂe Ih
lists a nu§@§§ golysulfide conpounds whi ch may be added tg ddfasén the
s s

i nstant in Table Il lists a nunber of polyethers which may be added
to a bath in the instant invention. 10 Addi tives may be added to
the bath for acconplishing various objectives. The bath may include a

It .and ' I id. Additives y pe in¢luded for inducing in
fﬁgpggngﬁct &%nsaﬁgﬁngf’?ﬁ‘r‘%?ﬁflnéjc? o@%?ﬁ%’f‘ﬁr%’ggi EgFﬁdfﬁ&ml hA§e3gBETRNSG ze

relative to fil | cknes [ ndom y.orjented grains. 15 Al so,
additives wé}%%?éiﬁéﬁ?t%ﬁYéE?%g?%r?%gl?ntﬁf BF&ting in the conductor
material nolecul ar fragments containing atons selected fromthe group
consisting of C, 0, N, S and C whereby the electrom gration resistance is

enhanced over purlorfukdiesapioniadgitiueseamy Reradiedola %@et%%n'ﬁécfecir

20  inducing in the conductor specific m m crostructures includi

large grains# 301 Jd@tdyeis OshibsPahbi skDGSHoPE LAREBH ¥nakl %F.Ta%doffr HRS

whereby the el ectrom gration behavior is”enhanced over non-electroplated
Cu. 25 platddune f#1aHorsee Eigeseseci anal anaewook-the cawity viidddn9
behavi or of a plating solution containing 0.3 M
orientation is indicated by the uniform distribution of grains
in the inverse pole figure or the (111) pole figure (see
Figures 19 a-d). This is substantially different ffom that
10 seen for non-plated Cu films. For example, see Figures 20 a-

d, where there is substantial (100) and (111) texture in this

PVD Cu f£ilm.

The electromigration resistance of electroplated Cu and

15 pure Cu is a function of the activation energy as measured by
the methods referred to in MRS Bulletin, Volume XVIII, No. 6
(June 1993), and Volume XIX, No. 8 (August 1994), which are
incorporated herein by reference. The activation energy of
electroplated Cu is equal to or greater than 1.0 eV. 1In

20 addition, Figures 2la and 21b show a comparison of the drift
velocity of plated versus a PVD film. Clearly, the plated Cu
shows little change in resistance over time whereas the PVD Cu
film resistance increases dramatically. The change in
resistance is related to the amount of electromigration damage

25 in the Cu line. Clearly plated Cu has a much improved
electromigration behavior than does PVC Cu. The activation

energy for plated Cu is 1.1-1.3 eV while that for PVD Cu is

22



cupric 'sul fate and 10% by vol une sulfuric acid of the prior 16 WO
98127585 - PCTI US96/ 19593 nixok/19592

Pl ati ng hadY@a¥A’ 5ﬁ?’lterrupt ed before conplete cavity filling to nmeasure
deposit thickness at various |locations of the feature thus determ ning the
type of filling. It is seen that conformal deposits of Cu 30 are obtai ned.

However, 0SiJ obtain me solution to which chloride ion
and MHy aquHQﬁiég%%b%%e e%ﬁdgg 9e9th?§ "superfilling as shown in Figure
15. The deposition rate deep mnthln the feature is higher t han el sewher e,
and finally the deposit of Cu 36 shown in Fig. 15 will be void-free and

searl ess due 1o Uhe vBigheEePLAL! BOeEBLES LSHATCLN B edlil Sdiiaty out ST de

the feature. MHy concentrations roduce super e range

from about G.plyfARONE 1 8n 51 Hggsggﬁ]caiagvekmtu%'sq“%é QR GUE rations

are in the range trrom10 to
5 resistance to electromigration, associated with the presence

of atoms and/or molecular fragments containing C, O, N, S, and
Cl, is similarly beneficial in conductor elements that are
fabricated by through-mask plating on a planar base as shown
in Figs. 22-26, by through-mask plating on an excavated base
10 as shown in Figs. 22 and 27-31, or by blanket plating followed

by patterned etching as shown in Figs. 22, 23 and 32-35.

The process for through-mask plating on a planar base is
shown in Figs. 22-26. Fig. 22 shows an insulating layer 1.

15 Fig. 23 shows a seed layer (Cu) 5 formed over insulating layer
1. A barrier material 4 (not shown) may be placed as a layer
between insulating layer 1 and seed layer 5. Fig. 24 shows
resist 71 which has been patterned over seed layer 5. Fig. 25
shows Cu 6 after electroplating through resist 71. Fig. 26

20 shows the structure of Fig. 25 with resist 71 removed and with
seed layer 5 removed where not protected by Cu 6. Fig. 26

shows a patterned layer of Cu 6 over the patterned seed layer

5.

25 The process for through-mask plating on an excavated base
is shown in Figs. 22 and 27-31. Fig. 22 shows an insulating

layer 1. Fig. 27 shows a channel 72 formed in insulating
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Simlar superfilling results are obtained froma solution containing cupric
sulfate in the rate from0.1 to 0.4M sulfuric acid in the papgRed{oam 10 to
20% by voVUP882BBYoride in the range from 10 to 300 ppm and LeaRonal
addi ti ves Copper 20 G eam 2001 Carrier in the range fromO0.1 to 1% by
vol ume, Copper d eam 2001-HTL in the range fromO0.1 to 1% by vol une, and
Copper d eam 2001 Leveller_in the range 0 1% ol_une. Finpall simlar
superfilling¥&sutts %%%‘o%%a? 8Hsf?O%Fﬁgsg?ﬁ??bﬁ%wénéa%eﬁﬂf e

sul fate, sulfurjc acid,_and 25 hloride in_the.rgnges. mentioned abqve
2nd Al ot echLuRINEE P88 Lafracta obi BAFEREr TRUERE Hadgaiprom i et ooty
vol unme and r aci | I L.n range..fyomP. %0y, -17
"o 98127585t%JPme8 \gn5'§r§§§£5 Lexgl hglel (EFl? 52 .%'lid';)cfﬁ9u§8’%3/v$lﬁg fgei;ivgo Yy
The plating,pf gﬁ%&.sbggﬁcf)hgﬁgrhgﬁsofv%ﬁ: Welth addidy ves RIsQAUCH shows cu

superfilling o ubm cron, “hi gh-aspect-ratio features 5 or cavities when
perforgred ig conveahhemnab2phali Bgeselkked 3¥§Rr 5 which was deposited by
plating through mask or resist 71. Fig. 31 shows Cu 6 with
resist 71 removed and with seed layer 5 removed where not
protected by Cu 6. It is noted that the superfilling
attribute of the plating process of this invention ﬁakes it

10 possible to fill cavities or features in the excavated base

without remnant voids oxr seams.

The process for blanket plating followed by pattern
etching is shown in Figs. 22, 23 and 32-35 for forming
15 patterned lines on an insulating layer. Fig. 22 shows an
insulating layer 1. Fig. 23 shows a barrier layer 4 formed
over insulating layer 1. A seed layer (Cu) 5 is formed on the
upper surface of barrier layer 4. A blanket layer 76 of Cu is
formed as shown in Fig. 32 by electroplating over seed layer
20 5. A layer of resist 71 is formed over blanket layer 76 and
lithographically patterned as shown in Fig. 33. Fig. 34 shows
blanket layer 76 patterned by etching or removing by other
processes where not protected by resist 71. Fig. 35 shows the
patterned blanket layer 76 with resist 71 removed.
25
In Figures 2-15 and 22-35, like references are used for

functions corresponding to the apparatus of an earlier Fig. or
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as paddl e pl at i ng cells described in U S. patents 5,516,412, 5, 312,532,

whi ch issu 17, 1994 to P. Andricacos et al., and U BCTam9emneso2
3,652,442, wever, a further benefit described belowis realized when the
process is performed in a 10 plating cell in which the substrate surface

is held in contact only with the free surface of the electrolyte, for

exanpl e a c§% &jiati ng cell described in U S. patent 4,339,319, which issued
July 13, 1982, £& 'S. Al go, which is incorporated herein by reference. The
benefit here is the superfilling of w de 15 cavities in the range froml

' to 100 m crons, which may be present anong the narrow (subm cron) features

~or cavities. In "Wl?i]?éiﬂ@eP@'l‘xaénbé\@hcéeééﬁiﬁééshhatthﬁs%%%%&ﬂeéj prbddies
. electrolyte, wide features in the range from1l to 100 20 mcrons w ||

fill more sle dbhdcgoingr4@WMheatdoafiebaYEBguatwiret Bnl ass et rori€r on,
such as about 0.1 and above; hence w de features necessitate both a | onger

pl ati ng ti nRieasicked ddoRr cpotdndusgoti HaviAgpeldueeoniplrandiorz et sitdtidy e
with no dinples or depressions on the top plated surface. 25 In contrast in
ta cup plati ineceld ,amdren &hé/snbsdlatelanr Eaagmentse ofl at,ed,i N,hed d amd C1,
contact with the neniscus of
and specific microstructural features such as large grains
size relative to film thickness and a random crystallographic
orientation, it will be apparent to those skilled in the art
10 that modifications and variations are possible without

deviating from the broad scope of the invention which shall be

limited solely by the scope of the claims appended hereto.
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18 WD 98127585 PCT[ US96119592 t he
electrolyte during plating, cavities of greatly different w as

| ess t han WOBE/F and greater t hg nﬁ!ﬁggr roRs—ate-fil | ed ral%%’lg'?sgé}ig 2
evenly.at the same rate. égﬁﬂé@ﬁsﬂdﬁ~the electrolyte is the
curved ace of a colunn "ﬂnl AG¥e curyed upper surface may be
convex i,iil m IIarlty or duetollqwdflowsuch as from an

upwel [ i Fi gure 16 i&admsoss-sectional view of a

substrate 60 mhlch nay have an upper |ayer of dielectric 61 such as silicon
di oxi de havi ng surface features or cavities 62 and 63 fornmed therein for

i ri J dth | h
TSRS ey noraTAH e R S PehERSe! R0 TLERER Bnen
l'iner 64 may,Qr ?s Licgde2dhesiL ﬁhzté) kg{ eﬂdﬁeg{éf§ @%a&?rgygégvr de a diffusion

barrier to netals subsequen I'ner e conductive to act as
a plating base for electroplatlng or an additional plating base

1 1. A process for fabricating an interconnect structure
2 on an electronic device with void-free seamless conductors

3 comprising the steps of:

4 forming an insulating material on a substrate,.

5 lithographically defining and forming recesses for lines
6 and/or via in said insulating material in which

7 interconnection conductor material will be deposited,

8 forming a conductive layer on said insulating material

9 serving as a plating base,

10 depositing said conductor material by electroplating from
11 a bath containing additives, and

12 planarizing the resulting structure to accomplish
13 electrical isolation of individual lines and/or vias.

1 2. The process of claim 1 wherein said step of

2 depositing includes depositing Cu as said conductor material.
1 3. The process of claim 2 further including the step of
2 adding additives to said bath for incorporating in said

3 conductor material positive but small amounts of atoms and/or
4 molecular fragments containing atoms selected from the group
5 consisting of C (less than 2 weight percent), O (less than 1

26
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e S

| ayer nay be added. 20 Figure 17 is a cross-sectional view of substrate 60

ficient to fill cavi tpcagsuénesnd to
LBTHR i N ghA—rerston=type cell. In
s 38| ower] THASHEET W BEENsybni cron

Figure 17, wide feature "

' features 62. The upper surface 67 has a di pla8 ovREPYASEDUre 638 with

X i gh f 6. .19 . 98127585
boTh ues! S ot HE BUECOR 7t Ol BEE A ERBR 1 0o pbOPEER TN | 8 (logh thaRs

g(r)gggsg;;g?: origa‘fé)i\/#%gv ggpgéﬁgﬁagédggggx12::@}?23?1%%17&”%}5@;1{‘% (]j%e%)%esl??) of netal

66 which may be Cu sufficient to fill cavities 62 and to fill wde cavity
63 which was plated in a neniscus-type cup plating cell. As shown in Figure

. 18, the substratesmayrhe preeedsi Bfcenhaat 2 further including the step of

2 adding additives to said bath for inducing in said conductor

3 specific film microstructures including large grain size

4 relative to film thickness and/or randomly oriented grains.

1 5. The process of claim 2 further including the step of

2 adding additives to said bath for incorporating in said

3 conductor material molecular fragments containing atoms

4 selected from the group consisting of C, O, N, S and Cl

5 whereby the electromigration resistance is enhanced over pure

6 Cu.

1 6. The process of claim 2 further including the step of

2 adding additives to said bath for inducing in said conductor

3 specific film microstructures including large grain size

4 relative to film thickness and/or randomly oriented grains

5 whereby the electromigration behavior is enhanced over non-

6 electroplated Cu.

1 7. The process of claim 2 further including the step of

2 electroplating from a bath containing agents conventionally

3 used for producing bright, level deposits on rough surfaces.

1 8. The process of claim 7 wherein the depth to width
This Sheet Has Been Replaced 27
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with the surface of the bath. The bath nmay be flowed at the 10 surface
of the b ' , W de freature—63—fTd1Ss fast as tures
62. The B!ﬂﬂﬂﬂi":ﬂ!%welﬁmhas a v rwlﬁisg‘f]?g&a};oé%\?}\gr featurepggmvﬂgﬂgsggspect
to the a o metal 6615 NEUAKESE di AgHy, we describe a node of
the invention in which the plating is done in a cup plater to achi eve even
superfilling of narrow and wide features. It is believed that the superior
per f oRmanc @adfi ek s USOPHBETRY 1§ 8gEatotPherhPgRatesofdém fati on and

perhaps different orientation of the 20 surface-active additive
nol ecul es at the air-liquid surface. Though these nol ecul es may begin to

di stribute whep t bstrate is introd , [ | effect .0Qhabl
bersi st thr oughclt (HES pPEPFRGSpRF 50 Bever BPTmAuCEE CRRiRT &0 ooy ¥
The el ectr%]pa{ta%(?ed?ﬁ.]ang&gl 88 aﬁgw@_ in Figs. 16 and 17 consists

Vo a

subst &nt i al nd may also contain snmall anmounts of atons and/ or
nol ecul ar fragnments of C (less than 2 20

1 10. The procéss of claim 2 further including the step of
2 electroplating from a solution containing additives

3 conventionally used to deposit bright, level, ductile, and

4 low-stress deposits.

1 11. The process of claim 10 wherein the depth to width
2 ratio of a conductor is equal to or greater than 1.

1 12. The process of claim 1 wherein said step of

2 depositing further includes the step of placing the upper

3 surface of said substrate in contact with the surface of said
4 bath.

1 13. The process of claim 12 wherein said step of

2 depositing further includes flowing said bath at said surface

3 of said bath.

1 14. The process of claim 1 wherein said step of

2 depositing further includes the step of electroplating using a

3 cup plater.

1 15. The process of claim 1 further including the step of
28
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WD 98127585 ° PCT1US9619592 wei ght

percent), with | es rcent), N (less than gcimesghbsez

percent), $O&R '@%5? tha m MIIBI““FHH ulr or O (less than 1 weight

percent). These additionalc cenpbnent st appargns kMePfF HAKTER-R | Fom t he

deconposi tion of additives and 5 are SJbseqq@gﬁ, lWeebncor pprated in the
h

d t 66 th babl e _f f [ aorents—ather t t .

Gl o he | LR LESBI BEARHLETED Pt 5 LAhiateh T TP ELe 3% S”a%aﬁre”?se

action esul t eved hat t hese | ncl#él ons re%ﬁ t?gom
€%

grain ?bouno%"f‘%[tés 3n‘31f1ﬁr?§ %ﬁld &5} né’net fey m%r Fvity
Qu yichh vt aip, CPHSISyLE, B Ny sd Mnlbp Sotbotad! %gﬁsﬁgngggd
mol ecud es by?YuEEfﬂ?z?Lg{ E{?coh%%t tahq;att}heé’of@iéi%féh%@i cQPHPd@éhgﬁtOf Cu

render” the electrom ifon resistance of 15 ectrop ated Cu niich
bettergt hanoweénoaoaua&n%gt RalmpRsmdean wianessd e by ﬁéfﬂ?étﬁé?ceéﬁﬁgunahe
grain size of"electroplated™Cu i S generally | arger than that produced by
other €u degpsitbafnteelibleeorigiet 2thitrddanr €smpSuaddenad AlQyaalko
Figures 19 a-d are, respectively, a grain orientation nap, grain contrast
map, ig@verseopbhén at least one sulfur atom.

1 16. The process of claim 15 wherein said plating

2 solution contains small amounts of a chloride ion in the range

3 from 10 to 300 parts per million.

1 17. The process of claim 15 wherein said Cu salt is

2 cupric sulfate.

1 18. The process of claim 15 wherein said mineral acid is

2 sulfuric acid.

1 19. The process of claim 15 wherein said organic sulfur

2 compound carries at least one sulfonic group.

1 20. The process of claim 15 wherein said organic sulfur

2 compound has at least two sulfur atoms that are wvicinal.

1 21. The process of claim 20 wherein said organic sulfur

2 compound has at least two sulfur atoms that are vicinal and
-3 carries at least one terminal sulfonic group.
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figure and (111) pole figure of the sane region for a 1 mcron t hi ck plated

crystal | JIREIANREH < ancon—rroas @k nevad| oo ar cPCRBSEER el y

a grain orfiefitati oh nmap,» grain con FastiﬂﬁpAclmverse pole figure and (111)
pol e flgure of the same region for ick PVD Cu film The grain
size 21 WD 98/ 27585

PCT/ USB6/ 19592 i 22appr3g mxetssd. af ngkabnsl andhenesnf sradhesganstr emd fur
(111)/(100) crystal|ographic texture. The crystallographic orientation
(al so RnowncaEPead i %?1ec%ﬁdp#%@@dt¥% 9804RbePRALFELRG @6re random t han
that of non- plated Cu fil s e Figures 19 a-d_and_20 a-d). This random
orlentétlonmﬁ cﬁﬂﬁ?ﬁﬁ?ﬁﬁ%ﬁ k¢ ?Rﬁ?o?ﬁ+ i str1PItYeRL bF @F&ﬁns in the

9 a-d his i
covct o P2 PR b s e AP R AR ) e e
Pt 8| B PR th athr BT elEER1L % éuestsnuuoc 2t

texturé in

6 alkali metal salts of said compounds, and amine salts of said
7 compounds .

1 23. The process of claim 15 wherein said orgaﬁic sulfur
2 compound has the formula X-R;-(S,) -R,-SO;H where the R groups
3 are the same or different and contain at least one carbon

4 atom, X is selected from the group consisting of a hydrogen

5 and a sulfonic group, and n is 2-5 inclusive.

1 24. The process of claim 15 wherein said

2 oxygen-containing compound is selected from the group

3 consisting of polyethylene glycol, polyvinyl glycol,

4 polypropylene glycol, and carboxymethylcellulose.

1 25. The process of claim 15 wherein said 6rganic
2 nitrogen compound is selected from the group containing
3 pyridines and substituted pyridines, amides, quaternary
4 ammonium salts, imines, phthalocyanines and substituted
5 phthalocyanines, phenazines, and lactams.
1 26. A process for fabricating an interconnect structure
2 on an electronic device comprising the steps of:
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PVD Cu'film The el ectroni gration resistance of electroplated Cu and 15

pure Cu i i on ivati on e as neasured bycthgogiB®biods
referred f‘gﬁﬁgﬁﬁﬁzﬁé Bullgﬂﬂgaﬂmlﬂmn I'1,] NEIS SBIEEFUNR B , and Vol une
XI'X, No. 8 (August 1994), ¢ w 12! 1Mlicor por at eREMQIcpN DY

ef erence. The
activation energy of electroplated Cu is equal TO Or—greeat

than 1.0 eV.

ddi ti ' . 21 1b sh ' f.the. drif .
Vol ocity of pl at BHPGEREIES PO TE I WV car | 9, SERBCRARORo ohafe lRtne

change4i n r]_eéé%ggc%ngvgmtdd@tivyltlaerletgii&}gg PVD Cu filmresistance increases

dramatically. change 1 n resistan 'S felated to the anmount of

el ectrgm gration | Lpe ean! a a nuch
inprov%d eIectroﬁ?gﬁgggkﬁﬁégﬁgv?g%n?Hgﬁs%%gsl%%%#cgﬁ %ﬁgha%ggegﬁﬁ%%&énergy
for plated Qu iselektlkchHiQM MY |@ddattb mEVErEH1I 8n22aid WReBB124R35 not
PCTI US96/ 19592 consi derably less (0.7-0.8 eV).

7 covered by said patterned resist from a bath containing
8 additives, and
9 removing said patterned resist.
1 27. The process of claim 26 wherein said step-of
2 depositing includes depositing Cu as said conductor material.
1 28. The process of claim 27 further including the step
2 of adding additives to said bath for incorporating in said
3 conductor material small amounts of atoms and/or molecular
4 fragments containing atoms selected from the group consisting
5 of C (less than 2 weight percent), O (less than 1 weight
6 percent), N {(less than 1 weight percent), S (less than 1
7 weight percent), and Cl (less than 1 weight percent).
1 29. The process of claim 27 further including the step
2 of adding additives to said bath for inducing in said
3 conductor specific film microstructures including large grain
4 size relative to film thickness and/or randomly oriented
5 grains.
1 30. The process of claim 27 further including the step
2 of adding additives to said bath for incorporating in said
31
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The value of the present invention extends beyond inplenentation in
damascene structures to el ect n,
associ at edVRi% muﬁrmlgnmtnﬁ!gﬂi andl 8BS ol écll ar fragn%%g%%%%% ni ng
C, 0, N S and O iS¢ stm baryy %ﬂéF'rn contluctor el enents that are
fabricated by through mask plating on a planar base as shown in Figs.

22-26, by through-nmask plating on an excavated base 10 as shown in Figs.
22 and327- 33CRERCHPT, ANt AIRFUIAT o%‘%ﬂfb%n’ﬁ%t ferhadnénghAte s shown

in Figs. 22, 3 an 5? 35. The rocess for hrough magk platin on a pl anar
base U4 sholiR LFRCAyd I ORI Phott abr nb-| Sy 8Rd1 Clis

Fig. 23 sho ed.l ay ormed over Jinsula A barrier
mmter 81 4 PREEBRomRE rréf@&er%rla%%tﬂa%n 15yt Br ok rhatited RySmapeire
and segd Iaéer 5. Fig. 24 shows resist 71 which has been patterned over
seed | ayer Fig. 25 shows Cu 6 after electroplating through resist 71.
Fig. 26 20 shows the structure of Fig. 25 with resist 71 renoved and
with seed | ayer 5 renoved where not protected by Cu 6. Fig. 26 shows a

patterped |ayer afy OJf%é“ﬁ¥oéé§%F6¥téi£Eﬁ §¢e§u£€M€E $nc?¥ding the Hi&p
process for through-mask plating on an excavated base

2 of adding additives to said bath for inducing in said
3 conductor specific film microstructures including large grain
4 size relative to film thickness and/or randomly oriented
5 grains whereby the electromigration behavior is enhanced over
6 non-electroplated Cu.
1 32. The process of claim 27 further including the step
2 of electrbplating from a bath containing agents conventionally
3 used for producing smooth, level deposits on rough surfaces.
1 33. The process of claim 32 wherein the depth to width
2 ratio of a conductor exceeds 1.
1 34. The process of claim 32 wherein the depth to width
2 ratio of a via exceeds 1.
1 35. The process of claim 27 further including the step
2 of electroplating from a solution containing additives
3 conventionally used to deposit bright, level, ductile, or low-
4 stress deposits.
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is shown in Figs. 22 and 27-31. Fig. 22 shoms an insulating layer 1. Fig.

27 shows aag‘ggg} 572 for I"’m | n WO 98/ 27585 pcT/Us96/19592
PCTI US96/ 1 yer Fi HE d | ayer (Cu)_5 formed over
i nsul ating layer 1. A barri &r fatert ot shown) YTHI® SHOETRIAS BEEN

under neat h seed Iayer (Cu) 5. Fig. 29 shoms resist 71 I ch R&s.heen
patterned over

I 72 _and er
seed | dyer 5 mhlc gma2¥§ep8§PF§%Sb§%blngﬁbq#hﬂgﬂaﬁeh%sﬁﬁ ?ngsﬁo7yldg% .
31 sho h.gesi th seed layer 5 renmoved where
not prot ect e%%\ié of é Pgnaglcﬁl:g)?g?&hat t\#e superfilling attribute of the
pl ati ng process of thIS I nvention makes it 10 possible to fill cavities
or features in the excavated base w thout remant voids or seans. The

process for bl ankgty  pl ehengrbeldsaned by Pat teg r\nl@éf@iﬂgsﬁdsg%’?_ b# Figs.
22, 23 and 32-35 for form ng 15 patterned lines on an insulating |ayer.

Flg 22 showse@dsiting further includes the step of placing the upper

3 surface of said substrate in contact with the surface of said
4 bath.
1 38. The process of claim 37 wherein said step of
2 depositing further includes flowing said bath at said surface
3 of said bath.
1 39. The process of claim 26 wherein said step of
2 depositing further includes the step of electroplating using a
3 cup plater.
i 40. The process of claim 16 further including the step
2 of electroplating from a plating solution comprising of a
3 copper salt, a mineral acid, and one or more additives
4 selected from the group consisting of an organic sulfur
5 compound with water solubilizing groups, a bath-soluble
6 high-molecular-weight oxygen-containing compound, a
7 bath-soluble polyether compound, or a bath-soluble organic
8 nitrogen compound that may also contain at least one sulfur
9 atom.
1 41. The process of claim 40 wherein said plating
33
cet Has Been Replaced

T



insulating layer 1. Fig. 23 shows a barrier |layer 4 forned over insulating

| ayer 1. | 5 is ferred-an—the-gpper]surface Eﬁgg =T
Iager 4. mmmﬂ“mmmg %6 of Cu|iT8§ BVE&QH _.gtﬂéﬁgww in Fi g.?% ;EA%
el ectropl at1 g over see ayer 20 5 REPAACE ‘resist 71 is forned
over bl anket |ayer 76 and |ithographically pattﬁrned as shown |an|gih33.

i g. 34 shows bl anket |ayer 76 patterned by etching_or renoving by other

glr gcesgez 3ﬁé’|lé1tr%(ﬂn rﬁ?ﬁ%"ﬁ{%ﬂ %‘5‘3}%5?@?‘117&% pfg2a 3’%19%7@@@ tien ga’tz'tz"'el'g?@éﬁllnie
bl anket, | ay 76 wWth resist 71 renpved, .25 In Figures 2-15 an -35, like
ref er effices 3&? :iﬁ %%wfﬁﬁﬂ%?iEZZPEBrWé%bbﬁﬂrng to the apparatus of an
earlier Fig. or 24 W 98/ 2 . .

PCTI US96/ 19592 of Fig. 1. Wile there has been described and illustrated a

process for fabrigating,an,i0LeL508PeaY kM W6t Wihe 20 2 8l Letronig 5 o
ec SParce

device and a Cu conductor having e rom gration resi
2 cupric sulfate.
1 43. The process of claim 41 wherein said mineral acid is
2 sulfuric acid.
1 44. The process of claim 40 wherein said organic sulfur
2 compound carries at least one sulfonic group.
1 45. The process of claim 40 wherein said organic sulfur
2 compound has at least two divalent sulfur atoms that are
3 vicinal.
1 46. The process of claim 45 wherein said organic sulfur
2 compound has at least two sulfur atoms that are vicinal and
3 carries at least one terminal sulfonic group.
1 47. The process of claim 40 wherein said organic sulfur
2 compound is selected from the group consisting of
3 mercaptopropane sulfonic acid, thioglycolic acid,
4 mercaptobenzthiozol-S-propansulfonic acid and
5 ethylenedithiodipropyl sulfonic acid, dithiocarbamic acid,
6 alkali metal salte of said compounds, and amine salts of said
7 compounds.
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due to atons and/or nolecular fragnents of- € 0, N, S, and O, and specific

m cr.ostru atures s NS size rel ati ve por/sdomos2

t hi ckness%&nggg-’srggndom cry m‘mawﬂmmamént ation, it will be apparent to
those skilled in the art 10+* <ctha cations and vartat isGAST A8 BEEN
possi bl e wi thout deviating fromthe broad scope of the §nventriem.aghirxch
shall ,be limte ol b C [ (Y : 01 0 =D Frie -
26 - %he clainsqgifiﬁ#%a ?ﬁ%gﬁﬁéeﬁgfgﬁa§%2q§§“?%?%%ﬁg; ﬁ. OOP&%ﬁ%?ogéggufor
fabri %at | NG APINErBLENERE ShiHGlY &-®)- 28 Llrcidmni Ghdew eneMrt Rroups

voi d-Tree seanl ess subm cron conductors conprising the steps of: formng an
i nsul ati ng gt erhél sgReaogubs FFatent iAo @anhiicaldy Teisni sgeandrbenm ng
recesses for submcron lines and/or submcron vias in said insulating

mat erigal i mtdh Chi DEesedaneeti droaondictgoumteasnsl stdhd b depgdirbeedn
formng a conductive layer on said insulating material serving as a plating
base, sdeposirtd ngy $ylfodamagrenp prockss isaiat comkesiventerial in a

seamnl ess and

1 49. The process of claim 40 wherein said
2 oxygen-containing compound is selected from the group
3 consisting of polyethylene glycol, polyvinyl glycol,

4 polypropylene glycol, and carboxymethylcellulose.

1 50. The process of claim 40 wherein said organic

2 nitrogen compound is selected from the group containing

3 pyridines and substituted pyridines, amides, gquatexrnary

4 ammonium salts, imines, phthalocyanines and substituted

5 phthalocyanines, phenazines, and lactams.

1 51. A process for fabricating an interconnect structure
2 on an electronic device with void-free seamless conductors

3 comprising the steps of:

4 depositing an insulating material on a substrate,

5 lithographically defining and forming lines and/or vias

6 in which interconnection conductor material will be deposited,
7 forming a conductive layer serving as a plating base,

8 forming a patterned resist layer on said plating base,

9 depositing said conductor material by electroplating from
10 a bath containing additives, and
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voi d-free manner by electroplating froma bath containing additives, said
bath additives causing the plating rate to _jncrease \Au_l: deppfrakssr®sszhe

si dewal | OWOfREBEss, t hereby preventli mgistsueHoranBEDN jof a seam or void in
a conductor in said recesses, and sai|d con@ierLaCEat erijal ‘conprising copper
and, planarizing the resulting structure to acconplish ele ' | on
of individual seam ess and vojd-free |lipes and/or void- fregn}j"mﬂ,eﬂ ,u ’
The pldcess of cKFEMAVENFheith Rk PR % B¥SH8positing inc

Cu as said conductor material. 3. The process of claim2 further

I ncluding the step of adding additives to said bath for incorporating in
sai d conduct or teri S|t|ve anpu f-at I:et(‘é(ﬂ

fragmefts cont al 2rtg gi %t e fér;]%%nlrg 51 gg%g%gg{lgaslﬁ)n aécg 0, N,

S, and_C1. p clai I [

step off adddﬁﬁogdﬁ”tn%e ncflué]g é%&% ?E%g blan ucfngdlt ﬁnﬁnﬁfﬂﬁdﬁ%{'ﬁl.
specific filmmcrostructures including large grain size relative to film

t hi ckness and/ or randomy oriented grains. 5. The process of claim?2

further includi ng4 he 'ﬁﬁe?gpﬁcf)cé‘gg' 88 addiil %8s fiuetIRix dludirig the step
[ ncorporat| ng in said conductor material nolecular fragnents containing

atoms sel ectgd S DM N3G OLPe 60061 BhiLEIbAENCECD, iMccTmuthtGingvhen ebyidhe
el ectrom gration

3 conductor material small amounts of atoms and/or molecular

4 fragments containing atoms selected from the group éonsisting

5 of C (less than 2 weight percent), O (less than 1 weight

6 percent), N (less than 1 weight percent), S (less than 1

7 weight percent), and Cl (less than 1 weight percent).

1 - 54. The process of claim 52 further including the step

2 of adding additives to said bath for inducing in said

3 conductor specific film microstructures including large grain

4 gize relative to film thickness and/or randomly oriented

5 grains.

1 55. The process of claim 52 further including the step

2 of adding additives to said bath for incorporating in said

3 conductor material molecular fragments containing atoms

4 selected from the group consisting of C, O, N, S and Cl

5 whereby the electromigration resistance is enhanced over pure

6 Cu.

i 56. The process of claim 52 further including the step
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resistance i s enhanced over pure Cu. 6. The process of claim2 further

i ncl udi ng i of addin mm | I d bath for induecmgrsosrissat d
conduct or spegi&?iﬁg filmm CH mm"',gmnﬁmudl ng |large~grain size relative
to filmthickness and/or rantiom y lor i*ensed~grai ns wher epyHIh8HEET HAS BEEN

el ectrom gration behaviour is enhanced over non el ectropl at eREELACED

The prpcessqef aghan® 2deherids the ﬁmméenwfgxshihahb(ingf id Gopapctor s
equal to or greater than 1. 8. The process of claim2Z wherein the depth
to widih ratbadattrarVisbeifEedst lim MicrosthecP2e8s s nefl udidignihMherSidin
said step of depositing further includes the step of placing the upper
surface of sfkd selsitriatee Hon fidink achii vkhds$ hendybracandbndsi dhiaintedO.

The process of claim9 wherein said step of depositing further includes

fl ow n§ sai drhanks athessly sihd axleafrcmigrdaion behBREROACENENhHKED -Aer
11. The process of claim1l wherein said step of depositing further

i ncl udés t heostepesttrsimstraspl@ti ng using a cup plater. 12. The process
of claim1 further including the step of electroplating froma plating
solution conprising a copper salt, a mneral acid, and one or nore

additives selected from , ) )
1 57. The process of claim 52 further including the step

2 of electroplating from a bath containing agents conventionally

3 used for producing smooth, level deposits on rough surfaces.

1 58. The process of claim 57 wherein the depth to width

2 ratio of a conductor exceeds 1.

1 59. The process of claim 57 wherein the depth to width

2 ratio of a via exceeds 1.

k1 60. The process of claim 52 further including the step

2 of electroplating from a solution containing additives

3 conventionally used to deposit bright, level, ductile, or low-

4 stress deposits.

1 61. The process of claim 60 wherein the depth to width

2 ratio of a conductor exceeds 1.

1 62. The process of claim 51 wherein said step of

2 depositing further includes the step of placing the upper

3 surface of said substrate in contact with the surface of said
37
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the group consisting of an organic sul fur conpound with water solubilizing
gr oups, 7 IubI e oxygen-contai ni ng conpound, a bat h- sptulises/psdz/ et her
conpound, - soluble organlc nitrogen conpound that may al so
contain at Ieast one S The process of clai 2 wherein
said plating solution ﬁ’ma Hmounts Srideniian i n the range
from]0 to 399 parts p uom 24 * The p"F%lé $ p/(C;qialm 2 wherein
sai d saP I'S cupric sulfate. The pr wherein said
mineral acid is sulfuric acid. 16. The process of claim 12 wherein said
organi ¢ sul fur conpound carries at |east one sulfonic group. 1 7. The

procegs of clai gsl2 mféegsfbé@ééi &fgénéﬁmsétfuhefi@'iﬁo%@!idh%%e% dgast two
sul fur atons that are vicinal he process of claim 17 wherein said

or ganic sulbiosa@RRY rehaseat 1ﬂ1@2@x§tﬂe§;\/\@1§k‘hﬁ§r sai AMbatha tarsa M et acand
carries at |east one termnal sulfonic group. REPLACEMENT SHEET - 29 -
19. 3 Theogr @agss Wdcle] aim 12 wherein said organic sul fur conmpound is
selected fromthe group consisting of nmercaptopropane sulfonic acid

t hi ogl ycolic acid, nercaptobenzthiozol-S-propansul fonic acid and

et hyl enedi t hi odi propyl sul fonic acid,

1 64. The process of claim 51 wherein said step of

2 depositing further includes the step of electroplating using a
3 cup plater. | '

1 65. The process of claim 51 further including the step

2 of electroplating from a plating solution comprising of a

3 copper salt, a mineral acid, and one or more additives

4 selected from the group consisting of an organic sulfur

5 compound with water solubilizing groups, a bath-soluble

6 high-molecular-weight oxygen-containing compound, a

7 bath-soluble polyether compound, or a bath-soluble organic

8 nitrogen compound that may also contain at least one sulfur

9 atom.

1 66. The process of claim 65 wherein said plating

2 solution contains small amounts of a chloride ion in the range
3 from 10 to 300 parts per million.

1 67. The process of claim 65 wherein said Cu salt is

2 cupric sulfate.

This Sheet Has Been Replaced

SO T




di t hi ocar bami ¢ aci d, al kal i alts of said conmpounds, and ami ne salts
of said corwgg%gﬁﬂszo. ' Td@ﬂibﬁjmm ﬂimm 12 wherei n sai PCTU§2EM9892
sul fur compoun as the for c ey flit he R groups are the sane or
different and contain at |east one carbon atom X is -

group consisting of a hydrogen and a sul fonic group, an )

inclusive. 21.  gdhe fﬁQCFESCQESCB%i@IE%ﬁMggwaﬁbiﬁﬁyet

conmpound is selected fromthe group consisting o yl'ene glycol,
pol yvi nyl glyepfurpel yehapyl ene gl ycol, and carboxynet hyl cel | ul ose. 22.
The process of claim 12 wherein said organic nitrogen conpound is selected
fromthe group containing pyridines and substituted pyridines, am des,

guat ernary anmonium salts, imnes, phthal ocyani nes and substituted

pht hal acyani nes, @benaTheeproaeds aft athimF5 whdheiprosedsoehaakia Bud fur
further including the step of electroplating froma plating solution

conpri 2 ng aouppendsabtrriasmanelalasaciche and foorei orgrnoupe. additi ves
selected fromthe group consisting of an organic sul fur conpound with water
sol ubi l'i zi ng groups, a bath-sol ubl e oxygen-containing conpound, a

bat - sol ubl e pol yet her conpound, or a bath- soluble organic nitrogen
conpourld that may78FsoTBenbParsess Icfastlaie &ulWherginnsaid organic sulfur

is

2 compound has at least two divalent sulfur atoms that are
3 vicinal. |
1 71. The process of claim 70 wherein said organic sulfur
2 compound has at least two sulfur atoms that are wvicinal and
3 carries at least one terminal sulfonic group.
1 72. The process of claim 65 wherein said organic sulfur
2 compound is selected from the group consisting of
3 mercaptopropane sulfonic acid, thioglycolic acid,
4 mercaptobenzthiozol-S-propansulfonic acid and
) ethylenedithiodipropyl sulfonic acid, dithiocarbamic acid,
6 alkali metal salts of said compounds, and amine salts of said
7 compounds.
1 73. The process of claim 65 wherein said organic sulfur
2 compound has the formula X-R,-(S,) -R?*-SO,H where the R groups
3 are the same or different and contain at least one carbon
4 atom, X is selected from the group consisting of a hydrogen
5 and a sulfonic group, and n is 2-5 inclusive.
39
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cess of claim 23 wherein said
!Il lumg of a chloride ion ingdygusegiged:from
WS e pneceseTafarh@iNm|23 wherein said Cu

salt is cupric sulfate. 26. The pr ogess oRemlaton 24 wWerei n said m neral
acid is sulfuric acid. 27. The proc | erein said organic
sul fur conpound caries_at |east one _sulfqnic group. 28. The process of

claim 23 wherein i d DrGaRTecesfi 8f EdApBudd rain S&td t wo di val ent
organi @ sul RIYSRREORR FBERE; CPBREHE ) S RS SR A ThARa SHIRE: nal and
55 whorkin SRLRUERE oL PRy EBIBS P oy v SR, T
o captbban K TRERPLPEAEPRTeCRY | SR] Al AL AL BELT L oy

sulfonic acid, dithiocarbam c acid, alkali metal salts of said conpounds,

! and amine salts of said conpounds. REPLACEMENT SHEET

1 75. The process of claim 65 wherein said organic
2 nitrogen compound is selected from the group containing
3 pyridines and substituted pyridines, amides, quaternary
4 ammonium salts, imines, phthalocyanines and substiﬁuted
5 phthalocyanines, phenazines, and lactams.
1 76. A process of fabricating an interconnect structure
2 on an electronic device comprising the steps of:

"3 depositing a seed layer on a substrate having insulating
4 regions and conductive regions,
5 forming a blanket layer of conductor material on said
6 seed layer from a bath containing additives,
7 forming a patterned resist layer on said blanket layer,
8 removing said conductor material where not covered by
9 said patterned resist, and

10 removing said patterned resist.
1 77. The process of claim 76 wherxein said step of
2 depositing includes depositing Cu as said conductor material.
1 78. The process of claim 77 further including the step
2 of adding additives to said bath for incorporating in said
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- 31 - '31. The process of I m 28 wherein said organic sul fur conpound
has a for &%;;%ﬁgserr] V\hereimm, Hlﬂﬂﬂmﬁm the same or di fEfaIresss/18503
contain at 1east one carbon at; L religEN b O d fromthe graup consi sting
of a hydrogen and a sulfonic group, and n is 2-5 inclusive THBRSHEET BAS BEEN
process of claim 23 wherein said oxygen-containing conpound i s R#&lected

fromthe gr %Q@Q&é?ftthgeeﬂag%mswyhﬁ\%n&lsv% a é/VéﬁHr'}'oQ %6@Ecular
pol ypr opyl ene gl ycol, and carboxynet hyl cel | ul ose. 33. he process of
claim 23 whefeidhmstd ebAtRIAIALt hesRE IR ifSrsfl ©ed egrbupmebhe 1@tawy
contai ning pyridines and substitfuted pyridines, am des, quaternary amoni um
salts, 4 m nesg @hthakecynahngswanghsupshidenitod mht (o€ yehanes, wehighazi nes,
and | actamnms. 34. The process of claim2 further including the step of
addi ng @ddi thesesen©) saivd (basb thani ncerdeat ipegrdentsij ds cobdast chammtler i al
positive amounts of atons and/or nol ecul ar fragnents containing atons

sel ect ed fromeidiet gpeupenohsi shdn@glof(1€sswtdragi il Ve 5olpt egencenti)an anount

| ess than 2 weight percent, 0, wherein Ois present in an anount |ess than
1 weight percent, N, wherein N.is present in an anount |ess than | weight

. percent, S, wherein Sis present in an _anmount |ess than 1 weight percent
“and Cl,1wherein C72-i sTheebEREeSS &F &M Tesurtmher 1196l AL ngetbentstep

2 of adding additives to said bath for inducing in said

3 conductor specific f£ilm microstructures includiﬁg large grain

4 size relative to film thickness and/or randomly oriented

5 grains.

1 80. The process of claim 77 further including the step

2 of adding additives to said bath for incorporating in said

3 conductor material molecular fragments containing atoms

4 selected from the group consisting of C, O, N, S, and Cl

5 whereby the electromigration resistance is enhanced over pure

6 Cu.

1 81. The process of claim 77 further including the step

2 of adding additives to said bath for inducing in said

3 conductor specific film microstructures including large grain

4 size relative to f£ilm thickness and/or randomly oriented

5 grains whereby the electromigration behavior is enhanced over

6 non-electroplated Cu.

1 82. The process of claim 77 further including the step
This Sheet Has Been Repls
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-32 - 35. The process of claim 1 wherein said process preferentially

deposits sai d conduct oy ners at _a bottom of sargnuseaRReEs

e e SR Y R s acesmion STSHostemsers
said additives result T#f netal dep®dsitign wtRgnm gﬁpﬁj fecdsses at a greater
rate than outSide sai d features 37. Thre—process—of—ctdi m 1 wherein the

ddi b | f

s b oA LR R
bst ted I l.at ed i

SUbeL e, QLR 25 R A T 0271 OHBEERILE B GO

oun sol b I'Ng ~gr oups
nmer capt opr opane-1 -sul fonic acid, surfactants, polyethyl ene egcoI copper
salts, and m neral acids 38. The process of claim | wherein t he
additiyes incl udgaal |Gastp Al ENBET c 285 ACh8dwhba@itNE na! e3P SHdig, Of
cuprlcﬁéulfate an sul ri'c acid. 39. © he pYOcesé of claim1l mheréin t he

: addi tives i Rgltude it deﬁgﬁdﬁggbﬁegggéegglQcted fromthe group consisting of

A it <V A

cupric sulfate in a concentration range of 0.1 to 0.4M and sulfuric acid in

a concentration range of 10 to 20% by vol une. 40. The process of claim?2
wherein the copper is deposited in a double damascene structure.

1 84. The process of claim 82 wherein the depth to width

2 ratio of a via exceeds 1.

1 85. The process of claim 77 further including the step

2 of electroplating from a solution containing additives

3 conventionally used to deposit bright, level, ductile, or low-

4 stress deposits.

1 86. The process of claim 85 wherein the depth to width

2 ratio of a conductor exceeds 1.

1 87. The process of claim 76 wherein said step of

2 depositing further includes the step of placing the upper

3 surface of said substrate in contact with the surface of said

4 bath.

1 88. The process of claim 87 wherein said step of

2 depositing further includes flowing said bath at said surface

3 of said bath.

1 89. The process of claim 76 wherein said step of
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41. " The pfocess of claim1l wherein the additives are polari zing. -33
- 42. 'T‘Sgggh ss of clai m@vx/nerel n each of the recessespopaisss/19362 om
€ ‘sur

surface si aces interse I ”lﬁjlﬁﬂrmm" 3:;%2 anjmﬂei&gllﬂpﬁélgge%m

conductor material is dep03|t
43. The process of claim42 \/\herel n"t ht bottom surfafke of mchctﬁcess
i ntersects u t r 3

cl ai m§ V\;lgg%léﬁhgtgﬁé Egﬁgﬁﬁéﬁlﬁ%fdgﬁﬁrecégsellesacsu {ig‘%ﬁ.ﬁ%’ dglng s
hor i zoft aI ¥hbhprgspect to a major plane of the substrate. 45. A process
for fabricating an interconnect structure on an electronic device with

voi d-free seamnl ess conductors conprising the steps of: formng an

insulating nmaterial on a substrate, l|ithographically defining and form ng
recesses for |ines.anther priceess ciclaisulat fugthekreinaluddinshitte step
I nt erconnection conductor material will be deposited, form ng a conductive

layer 2n saofl ehsvkabpilgtimefimin serplatging sophaibngcbapeisdepoif iag
said conductor material in a seam ess and voi d-free manner by

el ect r ®pl at cagperosad thateh ﬂ@m&mﬁlnlargl@doamdv@se— aliemeire s&idd tdoreRict or
material is preferentially deposited in corners in said recesses defined in
sai d i Asul afpAgCHaLe fram thed group consisting of an organic sulfur

5 compound with water solubilizing groups, a bath-soluble

6 high-molecular-weight oxygen-containing compound, a

7 bath-soluble polyether compound, or a bath-soluble organic

8 nitrogen compound that may also contain at least one sulfur

9 atom.

1 91. The process of claim 90 wherein said plating

2 solution contains small amounts of a chloride ion in the range
3 from 10 to 300 parts per million.

1 92. The process of claim 90 wherein said Cu salt is

2 cupric sulfate.

1 93. The process of claim 90 wherein said minerxal acid is
2 sulfuric acid.

1 94. The process of claim 90 wherein said organic sulfur
2 compound carries at least one sulfonic group.

1 95. The process of claim 90 wherein said organic sulfur
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pl anari zi ng the resul ting structure to'acconplish el ectrical isolation pf'
i ndi vi dual _seani ess I i"ts 3 nd ad vi as.

ammliﬁwtnllﬁmlrul tl IS PHEET Ha\Sr oynﬁéﬂsggflgg%zrom c
t 55" « FiGHRy t he lsteps of: form ng

46. A pMOIEEIES ! : BN e

device with void-free seanl ess conduct d _ _ or |

an insulating material on a substrate, -34 - i t_hogr?ph! cally defi In| ng
and formng recesses for lines and/or vias in said insulating material in
whi ch Pnt er EBRREUECoR3Sofductsis g idhvasent reikipesitens thahi ayea
conductive |ayer on said insulating nmaterial serving as a plating base,
deposi fing Vh énﬁirmscene structure said conductor naterial in a seanless
and voi d-free manner by electroplating froma bath containing additives,
and planarizing the resulting structure to acconplish electrlgal !Zoiatlon
of individual se es | d-fr I d/,or_sean] ess and _voi d- e
vias. 247. The§§|r'oc:r§§en g%yog"ll%gm f%r#%@@n‘ﬁ%ﬁ?hﬁ ?%%és?ﬁ_ﬁaﬁllc lsua%lur
el ectrgpl at | t I R A0eA! pr | by i ght evel
deposi?s onbggﬁgﬁggiﬁ¥§%é§iq%%%ﬂ!Qh#ﬂe proéié%gg? C a#%1€??p?#%é?aﬁngpﬁdlng
the stgp of cakegkkOplalidagt IRHa %e’fﬁ?ﬁi‘i{dpr‘sm&i@hﬁ'ﬂo@?wt'ves for
depositing bright, level, ductile, and | ow stress deposits,

1 97. The process of claim 90 wherein said organic sulfur
2 compound is selected from the group consisting of '

3 mercaptopropane sulfonic acid, thioglycolic acid,

4 mercaptobenzthiozol-S-propansulfonic acid and

5 ethylenedithiodipropyl sulfonic acid, dithiocarbamic acid,

6 alkali metal salts of said compounds, and amine salts of said
7 compounds .

1 98. The process of claim 90 wherein said organic sulfur
2 compound has the formula X-R,-(S,)-R,-SO,H where the R groups

3 are the same or different and contain at least one carbon

4 atom, X is selected from the group consisting of a hydrogen

5 and a sulfonic group, and n is 2-5 inclusive.

1 99. The process of claim 90 wherein said

2 oxygen-containing compound is selected from the group

3 consisting of polyethylene glycol, polyvinyl glycol,
4 polypropylene glycol, and carboxymethylcellulose.
1 100. The process of claim 90 wherein said organic
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nitrogen compound is selected from the group containing

pyridines and substituted pyridines, amides, quaternary
ammonium salts, imines, phthalocyanines and substituted

phthalocyanines, phenazines, and lactams.

i01. A conducﬁor for use in interconnections on an
electronic device comprising:

Cu including small amounts of a material in said Cu
selected from the group consisting of C (less than 2 weight
percent), O (less than 1 weight percent), N (less than 1
weight percent), S (less than 1 weight percent), and Cl (less
than 1 weight percent) formed by electroplating from a bath

containing additives.

102. The conductor of claim 101 further including
specific film microstructures including large grain size

relative to film thickness and/or randomly oriented grains.

103. The conductor of claim 101 wherein said small

amounts of material include atoms and/or molecular fragments.

104. The conductor of claim 101 wherein said conductor
has an activation energy for electromigration equal to or
grater than 1.0 eV and further includes specific film
microstructures including large grain size relative to film
thickness and/or randomly oriented grains whereby the

electromigration behavior is enhanced over non-electroplated
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105. A conductor for use in interconnections on an
electronic device comprising:

a dielectric layer having a substantially planar upper
surface and havingla pattern of recesses therein,

said recesses having a width at said upper surface less
than one micrometer,

said recesses filled with continuous metal frdm a bath
containing additives by electroplating, said metal comprising

copper.

106. The conductor of claim 105 wherein said recesses

have a depth to width ratio equal to or greater than 1.

107. The conductor of claim 105 wherein said recesses
have a conductive layer on said recesses on said dielectric

layer to serve as a plating base.

108. The conductor of claim 105 further including a
metal liner between said conductive layer and said dielectric

layer in said recesses.
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