O 02/29875 A2

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
11 April 2002 (11.04.2002)

PCT

(10) International Publication Number

WO 02/29875 A2

(51) International Patent Classification’: HO1L 21/288

(21) International Application Number: PCT/US01/18229

(22) International Filing Date: 4 June 2001 (04.06.2001)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

09/678,503 2 October 2000 (02.10.2000) US
(71) Applicant: ADVANCED MICRO DEVICES, INC.
[US/US]; One AMD Place, Mail Stop 68, P.O. Box 3453,

Sunnyvale, CA 94088-3453 (US).

(72) Inventor: TRAN, Minh, Quoc; 1722 Mirabella Ct., Mil-
pitas, CA 95035 (US).

(74) Agent: RODDY, Richard, J.; Advanced Micro Devices,
Inc., One AMD Place, Mail Stop 38, Sunnyvale, CA 94088-
3453 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR,BY, BZ, CA, CH, CN, CO, CR, CU,
CZ,DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK,
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL,
TJ, ™M, TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: PLATING SYSTEM WITH REMOTE SECONDARY ANODE FOR SEMICONDUCTOR MANUFACTURING

7‘5)-" <%

/75 360

MMM

+V

2 y

+V

62 ©

358

(57) Abstract: The present invention provides an electroplating system (50) for semiconductor wafers (66) including a plating cham-
ber (52) connected by a circulating system (52, 56, 58) to a plating solution reservoir (60). The semiconductor wafer (66) is used as
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solution reservoir (60) provides the metal ions for plating.
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PLATING SYSTEM WITH REMOTE SECONDARY ANODE FOR
SEMICONDUCTOR MANUFACTURING

TECHNICAL FIELD

The present invention relates generally to semiconductor manufacturing technology and more

specifically to electroplating systems using consumable anodes.

BACKGROUND ART

In the past in the manufacture of semiconductors, there have been numerous processes which required

plating at various stages to deposit various materials on semiconductor wafers. All of these systems generally
required human operator monitoring or the addition of plating materials at timed intervals. Since the addition of
plating material was deemed to be one which required a certain degree of expertise and experience, it was not
thought to be possible to automate this type of operation without complex, and expensive, computer equipment.

* As the industry has sought to make smaller and smaller semiconductor devices with finer and finer
device connections, it has been found that conventional metallization techniques for making the device
connections is are inadequate for future generations of products. This has resulted in the shift from materials
such as aluminum (Al) to copper (Cu).

Copper is not suited for deposition using the metallization techniques used for aluminum and is better
adapted for deposition by electro- or electro-less plating processes out of a solution. With the adoption of the
copper interconnect, the device connection technology, there has been a great deal of effort placed into
automating copper plating technology for semiconductors. This has meant the introduction of expensive
equipment. This in turn has meant that much effort has been expended in trying to reduce costs.

One of the processes for depositing copper uses a consumable primary anode in the plating chamber.
As the consumable primary anode is consumed, it changes the geometry and the electromotive force in the
plating chamber leading to non-uniform deposition of the copper. Non-uniform deposition of the copper leads
to difficulties in following planarization steps and in defective integrated circuits around the perimeter of the
semiconductor wafer.

A solution for solving this problem simply and inexpensively has been long sought by and eluded those
skilled in the art.

DISCLLOSURE OF THE INVENTION

The present invention provides an electroplating system for semiconductor wafers including a plating

chamber having a consumable remote secondary anode connected by a circulating system to a plating solution
reservoir. The semiconductor wafer is used as the cathode with an inert primary anode in the plating chamber
and a remote consumable secondary anode in the plating solution reservoir for providing the metal ions for
plating. The consumption of the consumable shielded secondary anode does not change the geometry or the
electromotive force in the plating chamber and maintains a uniform thickness conductor core deposition which is

easily planarized.
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The present invention further provides a copper electroplating system for semiconductor wafers
including a plating chamber having a consumable copper remote secondary anode connected by a recirculating
system to a copper plating solution reservoir. The semiconductor wafer is used as the cathode with an inert
platinum anode in the plating chamber and a remote consumable copper secondary anode in the plating solution
reservoir for providing the metal ions for plating. The consumption of the consumable copper shielded
secondary anode does not change the geometry or the electromotive force in the plating chamber and maintains a
uniform thickness conductor core deposition which is easily planarized. The above and additional advantages of
the present invention will become apparent to those skilled in the art from a reading of the following detailed

description when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING
FIG. 1 (PRIOR ART) shows a plating chamber containing a consumable anode;

FIG. 2 (PRIOR ART) shows a plating chamber with a portion of the consumable anode consumed; and

FIG. 3 shows a plating chamber having the remote anode of the present invention.

.MODES FOR CARRYING OUT THE INVENTION

Referring now to FIG. 1 (PRIOR ART), therein is shown an electroplating system 10 having a plating
chamber 12. The plating chamber 12 has an outlet 14 connected to a recirculating pump 16 which is further
connected to an inlet 18 to the plating chamber 12.

Within the plating chamber 12 is a consumable primary anode 20 connected to a positive voltage source
22.

Above the consumable primary anode 20 is a semiconductor wafer 24 having a conductive seed layer
26 thereon. The seed layer 26 is connected by a connector 28 to a negative voltage source 30 and acts as the
cathode for the plating process. .

The semiconductor wafer 24 is positioned so as to place the seed layer 26 in contact with a plating
solution 32.

For the electroplating of copper the consumable primary anode 20 is made of copper and the plating
solution 32 contains free copper ions. When the voltages are applied, copper ions are migrated from the
consumable primary anode 20 to the seed layer 26 along the electromotive field indicated by straight arrows 34
through the plating solution 32. The plating solution 32 is recirculated by the recirculating pump 16 to maintain
as constant a copper ion concentration as possible while the cathodic reaction at the seed layer 26 causes the
deposition of metallic copper on to the seed layer 26.

Referring now to FIG. 2 (PRIOR ART), therein is shown the electroplating system 10 during the
electroplating process. The consumable primary anode 20 is shown partially consumed and significantly
reduced in size which changes the geometry and the electromotive force in the plating chamber 12. The shape of
the electromotive field, as indicated by curved arrows 35, influences the deposition of the metal ions on the seed
layer 26 of the semiconductor wafer 24.

Due to the change in the geometry and the electromotive field in the plating chamber 12, the deposition
of a metal 27 on the semiconductor wafer 24 will be uneven and generally concave. The metal 27 will be
thickest where the distance between the consumable primary anode 20 and the semiconductor wafer 24 is the

2
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shortest and will be thinner where the consumable primary anode 20 and the semiconductor wafer 24 are further
apart.

The variation in thickness of the metal 27 makes it very difficult to properly planarize the
semiconductor wafer 24 by subsequent chemical-mechanical planarization processes and results in defective
integrated circuits around the perimeter of the semiconductor wafer 24.

Referring now to FIG. 3, therein is shown an electroplating system 50 according to the present
invention. The electroplating system 50 includes a plating chamber 52 having an outlet 54 connected to a
recirculating pump 56 which is further connected by an inlet 58 to a plating solution reservoir 60. The plating
solution reservoir 60 is connected by a second inlet 61 to the plating chamber 52.

Within the plating chamber 52 is an inert primary anode 64 connected to a positive voltage source 62.
The inert primary anode 64 is of a material, which will not take part in the plating process and which is not
consumed, such as platinum (Pt).

Above the inert primary anode 64 is a semiconductor wafer 66 having a conductive seed layer 68
thereon. The seed layer 68 is connected by a connector 69 to a negative voltage source 70 and acts as the
cathode for the plating process. The semiconductor wafer 66 is positioned so as to place the seed layer 68 in
contact with a plating solution 72.

In the plating solution reservoir 60 is a consumable remote sécondary anode 75. The consumable
remote secondary anode 75 is connected to the positive voltage source 62 and is in fluid communication with the
inert primary anode 64 via the second inlet 61.

The consumable remote secondary anode 75 is placed so that, as it is consumed, the geometry and the
electromotive field in the plating chamber 52 do not change so the electromotive field for metal ions plated on
the seed layer 68 is always the same and directly between the inert primary anode 64 and the semiconductor
wafer 66 as indicated by the straight arrows 76.

With the electromotive field being direct, the plated metal 78 on the seed layer 68 will be of a uniform
thickness which will be easily planarized by subsequent chemical-mechanical planarization processes.

In operation, the consumable remote secondary anode 75 introduces metal ions to the plating solution
72 in the plating solution reservoir 60. The plating solution 72 is then recirculated to the plating chamber 52
either by gravity feed (as shown) or pumping (not shown). In the plating chamber 52, the inert primary anode 70
and the seed layer 68 provide the electromotive force to deposit the metal ions onto the seed layer 68.

As the metal ions are deposited and the plating solution 72 becomes diluted, it is recirculated by the
pump 56 (as shown) or gravity fed (not shown) back to the plating solution reservoir 60 where the consumable
remote secondary anode 75 will replenish the metal ions uniformly.

In the deposition of copper, the seed layer 68 is of copper deposited by a process such as sputtering or
chemical vapor deposition, and the inert primary anode 64 is of platinum (Pt), and the consumable remote
secondary anode 75 is of metallic copper.

By having the inert primary anode 70 in the plating chamber 52, the geometry and the electromotive
field in the plating chamber 52 are not changed during plating because the inert primary anode 70 does not
dissolve and because the consumable remote secondary anode 75 is in a separate area independent of the

geometry and the electromotive field in the plating chamber 52.



WO 02/29875 PCT/US01/18229

While the invention has been described in conjunction with a specific best mode, it is to be understood
that many alternatives, modifications, and variations will be apparent to those skilled in the art in light of the
aforegoing description. Accordingly, it is intended to embrace all such alternatives, modifications, and
variations which fall within the spirit and scope of the appended claims. All matters hither-to-fore set forth

herein or shown in the accompanying drawings are to be interpreted in an illustrative and non-limiting sense.
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CLAIMS
THE INVENTION CLAIMED IS:
1. A plating system [50] for a semiconductor wafer [66] comprising:
a plating chamber [52];

a plating solution reservoir [60] connected to the plating chamber [52];

a circulating system [52, 56, 58, 61] for circulating plating solution [72] between the plating chamber
[52] and the plating solution reservoir [60];

an inert primary anode [64] in the plating chamber [52] and connectible to a source of positive voltage
[62};

a semiconductor wafer connector [69] in the plating chamber [52] and connectible to connect the

semiconductor wafer [66] to a source of negative voltage [70]; and

a consumable remote secondary anode [75] in the plating solution reservoir [60] and connectible to the

source of positive voltage [62].

2. The plating system [50] as claimed in claim 1 wherein the circulating system [52, 56, 58]
includes a pumping system [56] for pumping plating solution from the plating chamber [52] to the plating
solution reservoir [60]. '

3. The plating system [50] as claimed in claim 1 wherein the circulating system [56, 61] includes
a pumping system [56] for pumping plating solution from the plating solution reservoir [60] to the plating
chamber [52].

4, The plating system [50] as claimed in claim 1 wherein the semiconductor wafer [66] has a seed
layer [68] and including plating solution [72] in the plating chamber [52] to contact the seed layer [68].

S. The plating system [50] as claimed in claim 1 including a source of positive voltage [62] and a
source of negative voltage [70].

6. A copper plating system [50] for a semiconductor wafer [66] having a copper plating chamber
[52] and a copper ion plating solution reservoir [60] connected to the plating chamber [52], and characterized in
that:

a circulating system [52, 56, 58, 61] is provided for circulating copper ion plating solution [72] between

the copper plating chamber [52] and the copper ion plating solution reservoir [60];
an inert platinum anode [64] is in the copper plating chamber [52] and connectible to a source of
positive voltage [62];

a semiconductor wafer connector [69] is in the copper plating chamber [52] and connectible to connect

the semiconductor wafer [66] to a source of negative voltage [70]; and

a remote consumable copper anode [75] is in the copper plating solution reservoir [60] and connectible

to the source of positive voltage [62].

7. The copper plating system [50] as claimed in claim 6 wherein the circulating system [52, 56,
58] includes a pumping system [56] for pumping copper ion plating solution [72] from the copper plating
chamber [52] to the copper ion plating solution reservoir [60].
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8. The copper plating system [50] as claimed in claim 6 wherein the circulating system [56, 61]
includes a pumping system [61] for pumping copper ion plating solution [72] from the copper ion plating
solution reservoir [60] to the copper plating chamber [52].

9. The copper plating system [50] as claimed in claim 6 wherein the semiconductor wafer [66]
has a copper seed layer [68] and including copper ion plating solution [72] in the copper plating chamber [56] to
contact the copper seed layer [68].

10. The copper plating system [50] as claimed in claim 6 including a source of positive voltage

[62] and a source of negative voltage [70].
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