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CTROPLATING CHEMISTRY FOR THL CU FILLING OFF SUBMICRON FEATURLES OF VISIZULSEINTER-

«@ {57) Abstract: A copper electroplating bath and a method 10 plate substrates with the bath are provided. The bath and method
are particularly eflective 1o plate i such as i ive waler VLS and ULST interconnects with void-lree
~ fill copper plating for circuitry forming vias and trenches and other small features less than 0.2 microns with high aspect ratios.
“The copper bath contains a bath soluble organic divalent sulfur compound, and a bath soluble polyether compound such as a block
copolymer of polyoxyethylene and polyoxypropylene, a polyoxyethylene or polyoxypropylene derivative of a polyhydric alcohol
and a mixed pol hylene and polyoxypropylene derivative of a polyhydric alcohol. A preferred polyether compound is a mixed
B polyoxyethylene and polyoxypropylene derivative of glycerine. A prelerred copper bath also contains a pyridine compound deriva-
tive,
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ELECTROPLATING CHEMISTRY FOR THE CU FILLING OF
SUBMICRON FEATURES OF VLSI/ULSI INTERCONNECT

Bagkground Of The Invention

1. Field of the Invention
This invention relates to the making of electronic components such as
semiconductor wafer V.S and ULSI intercannects, and, more particularly, to &
capper electroplating bath and method to plate the vias and trenches and other
small features of the components to provide void-free fill for features below
abaut 0.2 microns and with high aspact ratios.

2. Description of Related Art

The demand for manufacturing semiconductor integrated circuit (IC)
devices such as computer chips with high circuit speed, high packing density
and low power dissipation requires the downward scaling of feature sizes in
ultra-large-scale integration (ULSI) and very-large-scale integration (VLSI)
structures. The trend to smatler chip sizes and increased circuit density requires
the minlaturization of interconnect features which severely penalizes the overall
performance of the structure because of increasing interconnsct resistance and
reliability concerns such as fabrication of the interconnects and electromigration.

In general, such structures use silicon wafers with silicon dioxide (SiO2)
being the dielectric material and openings are formed in the SI0; dielectric layer
in the shape of vias and trenches which are then metallized forming the
interconnects. Increased miniaturization i§ reducing the openings to submicron
sizes (e.g., 0.2 micron and lower) and increasing the aspect ratio (ratio of the
height of the opening to the width of the apening) of the features.

Copper is becoming the metal of ¢hoice to form the interconnects and
copper can be deposited on substrates by plating (such as electroless and
elsctrolytic), sputtering, plasma vapor deposition (PVD) and chemical vapor
deposition (CVD). It is generally recognized that a plating-based deposition is
the best method to apply copper to the device since it can provide high
deposition rates and low tool costs. However, plating methods must meet the

JP 2004-522000 A 2004.7.22
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stringent requirements of the semiconductor industry. For example, the copper
deposits must be uniform and capable of filling the extremely small trenches and
vias of the device. The deposition of copper from acid copper baths is
recognized in the electronics industry as the leading candidate to copper plate
integrated circuit devices. It will be appreciated by those skilled in the art
however that other metal baths such as Ni, Au, Ag, Zn, Pd, Sn, etc. may be used
with the additive system of the present invention to provide improved metal
plating baths and that this description is directed to copper for convenience.

Copper electropiating, in general, involves deposition of & copper layer
onto a surface by means of elecirolysis using a consumable copper electrode or
an insoluble anode. In the consumable electrolytic plating process, the capper
alectrode is consumed during the plating operation and must be replaced
periodically during the plating opsration. When piating using insaluble anodes,
these anodes are not consumed in the plating process and do not have to be
replaced.

A preferred plating apparatus and method is described in U.S. Patent No.
6,024,856 assigned to the same assignee as the present application.

It has been found that conventional copper slectroplating baths are only
marginally effective when the plating surface contains very small features (i.e.,
submicron) and/or with high aspect ratios. In particutar, the copper fill in a small
feature tends to have voids and these voids may increase the resistance or even
cause an open circuit of the conductive path intended ta be formed by the
copper daposited in the feature. This problem becomes critical in using capper
electrodeposition processes in integrated circuit fabrication because contact and
via holes in an integrated circuit can be 0.2 micron or less in width, with an
aspect ratio of up to four-to-one or greater and voids in the contacts and vias
may easily. result causing high resistance interconnects or even open-cirGuits.

As the copper interconnect technaiogies have advanced to mare complex
geometries, s@ have the demands for better copper electroplating baths 1o fill the
vias and tranches an wafers that are getting smaller in feature size and higher in

JP 2004-522000 A 2004.7.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(22)

WO 02/103751 PCT/US01/42964

-3-

aspect ratios, Consequently, the conventional acid copper electrochemical
deposition systems can no longer meet the higher performance fevel needed to
fill void-free feature sizes below about 0.20 micron. The prior art has attsmpted
to improve the acid copper bath chemistry but there is still a need for improved
acid copper baths for the plating of high performance semiconductor wafers and
other such electronic components.

Bearing in mind the problems and deficiencies of the prior ant, it is
therefora an abject of the present invention to provide a copper electroplating
bath which provides void-free fill features particularly below about 0.20 microns,
when plating electronic components such as semiconductor wafers having
trenches and vias and other small features.

It is another object of the present invention te provide a methad for copper
electroplating electronic components such as semiconductor wafers particularly
those having features betow about 0.20 microns.

A further object of the invention is to provide semiconguctor wafers plated
using the methed and copper elactroplating bath of the invention.

Still other objects and advantages of the invention will in part be obvious
and will in part be apparent from the specification.

Summary of the Invention
In accordance with the above goals and objectives, in the present
invention there is provided in one embadiment an improved copper
electroplating bath for use in electroplating electronic components such as
semiconductor wafers having submicron vias and trenches particularly those
having features below about 0.20 microns. Broadly stated, in an aqueous acidic
electrolyte containing copper in an amount sufficient to slectredeposit copper on
a substrate, the improvement comprises incorporating in the electrolyte an
additive system comprising:
a bath soluble organic divalent sulfur compound corresponding to the
formula:

JP 2004-522000 A 2004.7.22
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R~(8),-RX0sM 0

wherein:

M is hydrogen, alkali metal or ammonium as neaded to satisfy the valence;

Xig§orP;

R is an alkylene or cyclic alkylene group of 1 to 8 carbon atoms, an aromatic
hydrocarbon or an aliphatic aromatic hydrocarbon of 6 to 12 carbon
atoms;

nis 1to 6, preferably 1to 2, and

R, is MO.XR wherein M, X and R are as defined above or by tha formula:

& m

wherein:

Rzand R; are hydrogen, an alkyl group of 1 to 4 carben atoms, a heterocyclic
graup or an aromatic group; and

a bath soluble polyether compound selected from the group consisting of

block copolymers of polyoxysthylene and polyoxypropylene, a

polyaxyethylene or polyoxypropylane derivative of a palyhydric aicohol

and a mixed polyoxyethylena and polyoxypropylens derivative of a

pelyhydric alcohol.

The bath soluble polyether compound is in one embodiment @ block
copolymer of polyoxyethylene and polyoxypropylene glycols. More preferably,
the bath soluble polyether compound is & polyoxyethylene or polyoxypropylene
derivative of glycerine or other polyhydric alcohal such as sorbitol, mannitol and
pentaerythritol and the like and most preferably is a mixed polyoxyethylene and
polyoxypropylene derivative of & polyhydric alcohel, particularly glycerine.

JP
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In ancther embodiment a method is provided for plating copper onto
alectronic companents such as semicanductor wafers having submicran vias
and trenches using the copper plating bath of the invention.

in & further embodiment semiconductor wafers and other eiectronic
components having sub-micron features made using the copper slectroplating
bath and method of the invention are also provided.

Description of the Preferred Embodiment(s)

in accordance with the composition and method aspects of the present
invention, the invention is generally operable in aguecus acidic copper plating
baths for eleciroplating wherein high concentrations of acid are used with low
copper ion concentrations.

Aqueous acidic copper plating baths of the present invention are typicaily
of the acidic copper sulfate type or acidic copper fluoborate type although other
acids may be used. In accordance with conventional practice, aqueous agidic
copper sulfate baths typically contain about 10 to about 45 g/l of copper ions
with preferred concentrations of about 15 to about 20 g/l Acid concentrations in
these baths typically range abaut 45 to about 260 g/l of acid and preferably in
amounts of about 85 to about 200 g/l acid. Fiuoborate solutions and other acids
typically use the same ratio of acid to metal in the bath. The additives used in
the electroplating baths of the present invention are particularly advantageous in
such low copper jorvhigh acid solution baths to provide the enhanced plating
results.

Other acids which are useful because of their demonstrated effectiveness
are methanesulfonic acid; 1-hydroxyethylidene-1,1-diphasphonic acid; 2-
phosphoncbutane-1,2,4-tricarboxylic acid, and frifiuoromethane sulfonic acid.
Other suitable acids may aisc be used.

An essential component of the copper bath of the present invention
comprises organic divalent sulfur compounds including sulfonated or

JP 2004-522000 A 2004.7.22
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phosphonated organic sulfides, i.e., organic compounds carrying at least one
sulfonic or phasphonic graup.
The preferred organic sulfonates or phosphonates can be represented by

the formula:
Ry~(8},-RX0sM (h

wherein M is hydrogen, an alkali metal or ammonium ion needed to satisfy
the valence; X is S or P; nis 1 to 6 préferably 1 to 2; R is an alkylene or
cyclic alkylene group of 1 to 8 carbon atoms, an aromatic hydracarbon or
an aliphatic aromatic hydrocarbon of 8 to 12 carbon atoms; R, is a group
represented by the formula MOsXR, wherein M, X and R are as defined
above or by the formula:
oo f
N
_ANC —
f (o

whersin R; and Ry are hydrogen, an alkyl group of 1 to 4 carban atoms, a
heterocyclic group or an aromatic group.

A preferred compound because of its demonstrated effectivensss is 1-
propanesulfonic acid, 3,3dithiobis, disodium salt as shown in Formula (1)
wherein M 18 sodium, X is 8, R is (CHz)s, n is 2 and Ry is MOsXR. This
compound is represented by the formula:

JP 2004-522000 A 2004.7.22
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o]
y@&%%H% 2
° aA)

I
s—( Cﬂgi—”&—% 2

Arother preferred compound because of its demonstrated effectiveness is
1-propanesulfonic acid, 3-{(dimethyl-amino)-thioxomethyl}-thio-, sodium sall as
shown in Formula (1) wherein n = 1, Ry is formula (If), R; and R; are both CHs, R
is {CHa)s, X is 8 and M is sodium. This compound is represented by the formula:

5
BC

- \N—»Ls—écm)—”s-—g 4 )
o ]

[o]

The alkylene portion of the molecule may be substituted with groups such
as methyl, ethyl, chloro, bromo, ét'hung, hydroxy, carboxy and the like.

The above organic sulfide compounds are prasent in the plating baths of
the prasent invention in amounts within the.range of about 0.6 to 1000 mg per
liter, or more preferably, about § to about 50 mg# and most preferably about & to
30 mg/t.

Other sulfonate compounds may be used but have not been found to be
as effective as the preferred compounds of Formula | Exemplary, referring to
Formula |, are: .

A. 1-propanesuifonic acid, 3-mercapto-, monosedium salt

A 2004.7.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(27) JP 2004-522000 A 2004.7.22

WO 02/103751 PCT/US01/42964

.8-

ﬁ © @
H—8§ —(CH7>~ ﬁ— 0O Na
3
o
MPS

wherein Ry is H, nis 1, Ris (CHa)s, X is S and M is sodium;
B. 1-propanesulfonic acid, 3-(-benzothiazolylthio)-, sodium salt

™ f

e .
\>—s_(c1-1,}—-ﬁ—o Na.
S 3 o
ZP8

wherein R, is benzothiozolyl, nis 1, R is (CHz)s, X is S and M is sodium;
C. 1-propanesuifonic acid, 3»{(ethOxythidxamathyI)-thio-]-potassium salt

I I e @
HyC—CHy-0—C— s—f CB}—$—0 K
3

OPX

wherein R; is F3CTCH207C™ 545 4 Ris (CHo)s, XisSand M is

potassium; and
D. 1-propanesuifonic acid, 3-[(aminaiminomethyl)-thio}-sodium sait

o
Il o @
HZN—c|>——s—(c1-9——’f—o Na
3
0

UPS
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i
wherein Ry ls FN"C s 4 Ris (CHa)s, X is 5 and M s Na.
The above compounds A-D are shown as K or Na salts, but may be any

alkali metal or ammonium.

An essential component of the bath is a bath scluble polyether
compound. It is important that the polyether compound have a cloud point
higher than the operating temperature of the bath. Most preferably, the
compaund is also low foaming.

One class of polyether componant contains mixed aikexy groups such as
block copolymers of polysthylene oxide and polypropylene oxide and may be

represented by the formula:

RsO-(EQ/PO)m-H
and v
RsO-(PO/EQ)m-H

where Re is hydrogen or an aliphatic or aromatic hydrocarbon group having 1
te 40 carbon atoms, EOQ/PO are alkoxy moieties, preferably selected from
mixed ethoxy (EO)/propoxy (PO) groups although may also include
butoxy, m is an integer of at least 1, typicaily up to 100 or more, and
preferably up to about 50,

This class of polyether is typically made by first polymerizing either the
EQ or PO moisties, preferably the PO moiety, to form & block chain of the
moiety. This block chain is then polymerized with the other moiety to cap the
biock on both ends of the black chain. The polymer chain may be represented
schematically by EO-PO-EQ or PO-EQ-PO. The EO-PO-EO block polymer may
be shown structurally as:

JP 2004-522000 A 2004.7.22
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HO—(»CH:— CHy— o}—{cm-,(lsﬂ— o >—<~ CHz~—CHy— o}—-ﬁ VA
© CHs p q

whersin o and q are each about 1 to 25 and p is about 10 to 70,

The preferred polyether block copolymer containing ethylene oxide and
propyleneé oxide blocks has & molecular weight of about 1100 to 10,000,
preferably 1100 to 6000 and most preferably 1100 - 3500 and is sold
commercially under the name PLURONIC. These materials are aiso referred to
herein as 1.31, L35, L44, L64, and P123 with the higher numbers representing
higher molecutar waights. )

Another polyether suitable compound is an alkoxy derivative of a
palyhydric alcohol such as glyceral, sorbitol and mannitol and may be
represented schematically by the formula:

HyG—-0—(EOQ or PO} ——H

(H—=C——0—(EQ or PO)y ——H} vi

H

H,C— O—(E0 or PO)z
wherein x+y+z is about 3 to 100 or mere, preferably about & to 30 and most
preferably about 5 t0 20, .g., 10 and a is an integer of 1 to 4.
Exemplary glycerine derivatives are shown as follows:
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HQC—O'fCHz‘CHrO);—H
H —o-(CHz-CHfo)-y—H
HyC—0{CHy"CHy O H

EO on glycerine

HzC"O‘(CHfTH'O}:”H

CH3

H "O‘(CH:‘(]:H"O)TH PO on glycerine
CH;

HzC"'O‘(CHz‘?H"O};H
CH;

(30) JP 2004-522000 A 2004.7.22
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VIA

A preferred PO on glycerin compaund is termed GL100 and has a melecular -

weight of about 700 and x+y+x is about 10.

Another preferred polyether compound is a mixed alkaxy derivative of

formula Vi as follows:
HC— O— (EO/PO)—H

HC— O-— (EO/PO}-—H VII

H,C—O0— (EO0)—H

wherein b+c+d is about 3 to 150 or more, preferably 10 to 100 and most

preferably 30 to 75.

A highly preferred polyether compound is a derivative of glycerine
wharsin a of formula Vit is 1 and may be represented by the formula:

HyC— O— (EO/PO)——H

HC— O— (EQ/POr—H VIIA

H:C— O~ (EO/POy—H
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Exemplary glycerine derivatives are as follows:

Ha o-(cn;—cuz-o}:(cm-(fﬂ—o)h—ﬁ

CHy
H —o-(cn;-cuz-o)-f—(CHg—TH—o);—H EQ-PO on glycerine -
CHy
HgC"O"éCHz'CHz‘O);(C}-[z‘(fﬁ'o)j—ﬂ
CHs
Ha -o-(cu,-fwo);{mz—mz-o}e—ﬂ
CHs
H »o{cm-TH—o)r{caz-cnz-o}FH PO-EQ on glycerine viIe
CHy ‘
HgC“O‘<CH3‘$H"O};‘(CH3"CH3'O);‘H
s

wherein e+f+g and h+i+j are each abaut § to 100 or more, preferably 10 to 50
and most preferably 20 to 40. Compound VIIB is particularly preferred because
of its demonstrated effectiveness.

The preferred polyhydric aicohol derivative because of its demonstrated
effectiveness is shown in VIIB and has the EQ block aftached to a polyhydric
(glycerine) backbone followed by & PO block. This preferred compound has an
average molecular weight of about 2500 whersin e++g is about 21 and h+i+] is
about 27, This derivative is also referred to herein as GH200 or T-COL 206.

With regard to the mixed alkoxy polyhydric compounds above it will be
appreciated by those skilled in the art that the compounds are generally made
by forming a first alkoxy chain on the polyhydric backbone then followed by the
second alkoxy chain so that the EQ block will be attached to the polyhydric
backbone followed by the PO block or vice versa wherein the PO block is
attached to the palyhydric backbane followed by the EO block.

JP 2004-522000 A 2004.7.22
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The polyethers are generally utilized in an amount of about 0.02 to about
2 g/l, typically 0.04 to about 1.5 g/l and preferably 0.1 to 1 g/.

For further anha‘noad via and trench and other feature copper filling
properties, another camponent which is preferred to be used in the bath of the
invention may be represented by the general formula:

Rak

(Re)

wherein Z is a counterion from SO; as far Rs or any compatible anion o
satisfy electrical neutrality;
Rq Is hydrogen, an alkyl substituent having 1 to 3 carbon atoms, an aromatic,
sulfonic group, phosphenic group, aldehyde group or a carbamide group;
Rs is a group having the following formula:
o
l-HIJ—(CH:) - “ -0
o

° v

wherein n is an integer of 1 to 3, kis O or 1, 1is 0 or 1, and at least one of k
or | is 1, and the sulfonate group may be a phosphonate group.
Exemplary compounds because of their demonstrated effectiveness are:

A. 3-Formyl-1-(3-sulfopropyl)-pyridinium betaine

JP

2004-522000 A 2004.7.22
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-
@f

N®

| fo

H,C—CHy~ CHI™ ﬁ_ (o]
0
FPPS

wherein R, is farmyl, K is 1 and Rs is formuia IV whereinnis 2 and [ is 1;
B. Isoquinoline 1-propanesulfonic acid

O

D

P e
H,C—CHy~ CH5~0
o
1aPs

wherein Rq is a benzene ring, k is 1, and Rs is formula IV wherein nis 2 and !
is 1,
C. 1-(3-sulfopropyl)pyridinium betaine

O

N

%
H,C—CHz~ CHY E—O
[¢]

2004-522000 A 2004.7.22
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PPS

wherein k is 0 and Rs is formula IV wherein nis 2 and | is 1,
D. 3-Pyridinesulfonic acid

%§/ﬁm

Q™

PYSA

wherein Rq is S0sH, k is 1 and tis 0; and
E. Nicotinamide N-propylsuifonate

C——H

O

N®

J 7 e

HC—CHy CH™ TF_ o]
4]
NPS

wherein R, is carbamide, k is 1 and Rs is formula IV wherein nis 2 and 1 is 1.
These additives are generally used in the bath in an amount of § to
10,000 mgft, preferably 10 to 5,000 mg/l, and most preferably 100 to 1,000 mg/l.
Also brighteners and other conventional additives such as soluble
polyamines, substituted polyamines, quaternized polyamines and quaternized
substituted polyamines may be utilized in the bath of the present invention,

2004-522000 A 2004.7.22
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typically in quentities of from about 1 to about 10 mgh. The baths also
preferably contain chloride ions in an amount up to about 100 mgfl, typically 45
mgil.

In accordance with the method aspects of the present invention, acidic
Eopper plating baths of the present inve}itibl"l”a'r‘e‘ typically operated at current
densities ranging from about 5 to about 60 amperes per square foot (ASF) (0.5
to 6 ASD) although current densities as low as about 0.5 ASF to as high as
about 100 ASF (0.05 to 10 ASD) can be employed under appropriate conditions.
Preferably, current densities of from about 5 to about 50 ASF (0.5 to 5 ASD) are
employed. In plating conditions in which high agitation is present, higher current
densities ranging up to about 100 ASF (10 ASD) can be employed as necassary
and for this purpose a combination of air agitation, cathode movement and/or
solution pumping may be employed. The operating temperature of the plating
baths may range from about 15°C to_as high as about 50°C and above with
temperatures of about 21°C to about 36°C being typical.

Further understanding of the present invention will be had with reference
to the following examples which are set forth herein for purposes of illustration
but not fimitation. The operating temperature of the baths were 22° to 26°C

unless otherwise indicated.

JP 2004-522000 A 2004.7.22
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Ex 1

Conventional d-companent brightener systems and the effect of GH 200 and GL 100
Cu=17 g/t H280,=186 g/l; Ci=10 mg/l; CD=1.0 ASD

Additives Bath 1 Bath 2 Bath 3 Bath 4
A Bmgn 28 mgll 28 mgAl 26 mg/l
Carbowax 3350 13 mg/! 13 mofl 13 mgh 200 mg#l
400XB? 1.3 mg/t 1.3 mg/t 2.8 mgh 1.3 mg
Q-Pech® 11 mg/l 11 moA 5 mg/l 1M1 mg/
GH200 18 ma/l 15 mpA -
GL100* - 45 mg/l 45 mg/t f—
Trench size >0.25 ym > 0,18 wm > Q.18 um > 0,25 pm
filled

' Polyethylene giyco!

! PElderivative

*  Quaternary PE epichlorohyarin

*  Glycerine derivative contain propyleneoxide biocks

This example shows the beneficial effect of GH200 which is a mixed
EQ/PC glycerin derivative as shown generally in Formuta VIt and specifically as
Formula VB and GL 100 which is a glycerine derivative containing only
propyleneoxide blocks. 1A is |-propanesulfonic acid, 3,3 -dithiobis, disodium salt.

JP 2004-522000 A 2004.7.22
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Example 2

Simplified 2-component brightener systems using a primary S with GH 200
Cu=17 g/l; H;S0,=155 g/l; Ci=45 mg/l; CD=1.5 ASD

Additives Bath § Bath &
iA 10 mg/l -
GH200 0.5¢/ 0.5a1
8 — 10 mg/l
Tranch size filled 0.15-0.17 um 0.15-0.17 ym

This example shows the low trench size feature fill properties using the

copper electroplating bath of the invention,

Other primary sulfur additives such as MPS, UPS, OPX, ZPS used in
place of additives IA and 1B filled feature sizes larger than 0.17 ym.

A 2004.7.22
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Two compenent brightener systems using O-Tug (primary Sy and & polyol (welting agent)

Cu=17 gii; H,50,=155 gli; Cl=45 mg/; CD=1.5 ASD

dditives Bath 7 Bath 8 Bath & Bath 10 Bath 11

Bath 12 Bath 13

1A 10 mght 10 mgh 10 mg/l 10 mgit 10 mgil 10 moA 10 Mg/l
GH200 [T — - — — — — —

131 — 0.59/ - — — — —

L35 - 059 e — —

144 - — 0.5g4 nem e -

L84 — - e e a.591 - —
P123 — — — - 0.5 0
-Col 206 e — - - . — 0.5 g/
inch size 0.15-0,17  0.158-0.17 0.15-0.17 0.15-0.17 0.15-0.17 0.15-0.17 0.15-0.17
ed (um)

This example shows the low trench size feature fill properties using the
copper elsctroplating bath of the invention using Pluronics and the mixed EC/PO

. glycerine derivatives.

2004-522000 A 2004.7.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(39)

WO 02/103751 PCT/US01/42964

-20-

Example 4

“Three companent brightener systems using a primary sulfur additive, a watting agent, and &
secondary sulfur additive
Cu=17 g/t; H,S04=140 g/t; Cl=35 mg/l; CD=1.5 ASD

Additives Bath 14 Bath 16 Bath 18 Bath 17 Bath 18 Bath 18
8 10 mg/| 10 mgh 10 mgfl 10 mgA 10 mg/ -
T-Col 208 05¢g/ a.sgn 0.5g4 0.5a1 0.5g/ —
PYSA _— 109/ _— — — —
FPPS - - 0.5g/ — — —
PPS o e . 1.0g/ — —
1QPS . _— . — 0.591 I
1A —— — —_— — — 20 mgfl
GH200 —_— —— —_ —_ — 0.50A
NPE — R — N - 20 mgh
Trench size 0.15-0.17 0.14-015 044-035 0.12-013 0.12-013 0.12:0.13
()

This example shows the beneficial effects on lowering the fili feature
trench size when using the bath of the invention with a secondary sulfur

compound as in Formula il.

Example §

Three component brightener systems with alternate acid
Cu=18 g/l; MSA =95 gfl; Cl = 40 mg/|

Additives 0.5 ASD 1.5 ASD
1A 10 mg/l
PYSA (Secondary S) 1.0g/
L31 {Wetter) 0.59/1
Trench size filled um 0.12-0.13 0.14-0.15

This example shows the effect of current density on trench fill size.

JP 2004-522000 A 2004.7.22
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Substituting CuSO, for the Cu-MSA system also showed trench fill
capability at 0.14-0.16 um when plated at 1.5 ASD.

Other alterate acids that méy be used are 1-hydroxyethylidene-1,1-
diphesphonic  acid; 2-phosphonobutané-1.2,4-tribarboxylic acid; and
trifluoromethanesulfonic acid.

While the present invention has been particularly described, in
conjunction with a specific preferred embodiment, it is evident that many
alternatives, modifications and variations will be apparent to those skitled in the
art in light of the faregoing description. It is therefore contemplated that the
appended claims will embrace any such alternatives, modifications and
variations as falling within the true scope and spirit of the present invention.

Thus, having described the invention, what is claimed is:

JP 2004-522000 A 2004.7.22
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Claims
1. In an aqueous acidic electrolyle containing copper in an amount sufficient

1o electrodeposit copper on a substrate, the improvement comprisiﬁg
incorporating in the electrolyte an additive system comprising:
a bath soluble organic divalent sulfur compound corresponding to the

formula:
R, +(8)q-RXOsM 0]

wherein:

M is hydrogen, alkali metal or ammanium as needed to satisfy the valence;

Xis § or Py

R is an alkylene or cyclic alkylene group of 1 to 8 carbon atoms, an aromatic
hydrocarton or an aliphatic aromatic hydrocarbon of & ta 12 carbon
atoms;

nis 1 to 6 preferably 1 10 2; and

R, is MOsXR wherein M, X and R are as defined abave or by the formula:

R (“)

wherein:

R2and Ry are hydrogen, an alkyl group of 1 to 4 carbon atoms, a heteracyclic
group or an aromatic group; and

a bath soluble polysther compound selected from the group consisting of
block copolymers of polyoxyethyiene and polyoxypropylene, @
polyoxyethylene or polyoxypropylene derivative of a polyhydric alcohol
and a mixed polyoxyethylene and polyoxypropylene derivative of a
polyhydric alcahol,

JP 2004-522000 A 2004.7.22
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2. The electrolyte of claim 1 wherein M is sodium, X is 8, R is (CHz)a, 1 is 2
and R, is MOsXR.

3 The electrolyte of claim 1 wherein M is sodium, X is §, R is (CHa)s, nis 1,
andR,is

wherein R; and Ra are both CHs.

4, The electrolyte of claim 1 wherein Ry is H, nis 1, Ris (CHa)s, X is S and M

is sodium

5. The electrolyte of claim 1 wherein R, is benzothiozolyl, nis 1, R is (CHa)s,
X is § and M is sodium.

6.  The electrolyte of claim 1 wherein Ry is HIC—CH207C"™ s q R

i8.(CHa)s, X is & and M is potassium.

)
7. The electrolyte of claim 1 wherein R, is EN=C—  nig1, Ris (CHa)s X

is S and M is sodium.

8. The electrolyte of claim 1 further containing @ compound of the formulta:

JP 2004-522000 A 2004.7.22
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"
|z
S
N7
(R
wherein

Z is a counterion from SO as for Rs ar any compatible anion to satisfy
electrical nsutrality; '

Rs is hydrogen, an alkyl substituent having 1 to 3 carbon atoms, an
aromatic, sulfonic group, phosphonic group an aldehyde group or a
carbamide group;

Rs is @ group having the following formula:

Q
H;é— (CHa)p— l.l» —_ 0- v
5
wherein n is an integer of 110 3, kis Q or 1, | is C or 1 and at least one of k or

{is 1, and the sulfonate group may be a phosphonate group.

9. The electrolyte of claim 8 wherein Ry is formyl, k is 1 and Rs is formula IV
wherainnis2and|is 1. '

10.  The electrolyte of claim 8 wherein k is 0 and R, is a benzene ring, k is 1
and R® is formula IV wherein nis 2 and 1 is 1.

11.  The electrolyte of claim 8 wherein k is 0 and Ry is formula IV wherein n is
2andlis 1.

12.  The electrolyte of claim 8 wherein Rq is SOaH, kis 1 and I is O.

2004-522000 A 2004.7.22
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13.  The electrolyte of claim 8 whersein R, is carbamide, k is 1 and Rs is
formula IV wherein nis 2 and is 1.

14.  The electrolyte of claim 1 wherein the bath soluble polyether compound is
represented by the formula:

ReO-(EQ/PO)m-H
and A\
RsO-(PO/EQ)m-H
where Re is hydrogen or an aliphatic or aromatic hydrocarbon group having 1 to
40 carbon atoms, EOQ/RPQ and PO/EQ are mixed ethoxy (EO)propoxy (PO)
groups, m is an integer of at least 1.

18, The electrolyte of ciaim 14 wherein the bath soluble polyether compaund
has a molecular weight of about 1100-10,000.

16.  The electrolyte of claim 1 wherein the bath soluble polyether compound is
represented by the formula:

HyC— O—(EO or PO), ——H
{H—C— O—(EO or PQ)y ——H), VI
HyC— 0—(EO or PO)z ———H

wherein x+y+2 is about 310 100 and ais 1.

17..  The electrolyte of claim 16 wherein x+y+2 is about 10 and the alkoxy
group is PO.

18.  The electrolyte of claim 1 wherain the bath soluble polysther compound is
representad by the formula:

2004-522000 A 2004.7.22
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H;C— O— (EQ/PO)—-H
HC~— O— (EO/POr—H vt

H2C~ 0~ (EO/POYy—-H

wherein b+c+d is about 3 to 150 and a is an iRteger of 1to 4.
19.  The aqueous copper electrolyte of claim 18 wherein ais 1.

20. The electrolyte of claim 1 wherein the bath soiuble polyether compound is
represented by the farmulas:
HzC"O‘(Cl-l;"CHz"O)C‘(CHz'TH‘“O);‘H
CH3
H ”O“(CPL@'CH:'O)E"{CH:‘TH"’O)TH EQ-PO an glycerine VIB
CHz

Hzc-o{cm-cHz-o};fcm-?ﬂ-o)j—ﬂ

CH3
HzC‘O‘(CH:'?H“O)’I;‘(CHQ‘CHQ‘O):—H
CHy
H ‘0‘(CH1'?H“OHCH2‘CH2'O)TH PO-EO on glycerine vie
CHy
HC—0 {CHJ—TH—o}j—(Cchm-o);H
CHs

wherein e+f+g and h+i+j are each about & to 100.

JP
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21, The electrolyte of claim 20 wherein the compound is formula VIIB wherein
e+f+g is about 21 and h+i+j is about 27.

22, Amethod of electroplating copper on a substrate comprising the steps of:
providing an aqueous acidic electrolyte containing copper as defined in claim
1 in an amount sufficiant to electrodaposit capper on a substrate;
immersing a substrate to be eisciroplated in the slectrolyte;
supplying a current to the bath to electroplate copper on the substrate.
23, The method of claim 26 wherein the electrolyte is as defined in claim 8,
24, The method of ciaim 26 wherein the electrolyte is as defined in claim 14.
25.  The method of claim 26 wherein the electrolyte is as defined in claim 16.

26.  The method of claim 26 wherein the electrolyte is as defined in claim 18.

27.  The method of claim 26 wherein the electralyte is as defined in ciaim 20.
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