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ADAPTIVE ELECTRIC FIELD SHIELDING IN AN ELECTROPLATING

PROCESSOR USING AGITATOR GEOMETRY AND MOTION CONTROL

BACKGROUND OF THE INVENTION
[0001] Existing electroplating processors used for wafer level packaging (WLP)
and other applications generally use replaceable shields and anode current adjustments
to compensate for process variations. Examples of process variations include changes
in the electrolyte bath conductivity and chemical make-up, different seed sheet
resistance values, and different wafer patterns. The shields are typically dielectric
material rings dimensioned and positioned to provide an appropriate level of electric
field shielding around the edge of the wafer. However, shields must be manually
changed to compensate for process variations, interrupting operation of the
electroplating processor. It may also be difficult to determine which shields to use for a
specific process condition, so that time-consuming trial-and-error experiments must be
performed. Sets of shields must also be manufactured and inventoried so that they are
available for use as needed. Accordingly, improved techniques are needed for

compensating for process variations in electroplating processors.

SUMMARY OF THE INVENTION
[0002] In one aspect, an electroplating processor includes a head having a wafer
holder for holding and making electrical contact with a wafer, with the head movable to
position the wafer holder in the vessel, at least one anode in the vessel, an agitator in
the vessel and an actuator attached to the agitator for moving the agitator horizontally

within the vessel. The agitator has an array of ribs and slots, and with a first side of the
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agitator having fewer slots than a second side of the agitator, and/or with the slots on
the first side of the agitator shorter than the slots on the second side of the agitator.

[0003] In another aspect, an electroplating method includes placing a wafer into
contact with liquid electrolyte in a vessel, conducting electric current through the liquid
electrolyte, and moving an agitator in the electrolyte, below the wafer, with a movement
that selectively shields a portion of the wafer. The agitator may be moved with a stagger
movement so that the time-averaged presence of the agitator over a first side of the
wafer is greater than over a second side of the wafer. The wafer is optionally rotated,
with or without synchronizing rotation of the wafer with movement of the agitator. The

method may use the agitator having slots as described above.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] In the drawings, the same reference number indicates the same element
in each of the views.
[0005] Fig. 1 is a top perspective view of an electroplating apparatus.
[0006] Fig. 2 is a top perspective view of the apparatus of Fig. 1 with the head

removed for purpose of illustration.

[0007] Fig. 3 is a section view of the apparatus of Fig. 1.

[0008] Fig. 4 is a top perspective view of the agitator shown in the apparatus of
Figs. 1-3.

[0009] Fig. 5 is a top view of an agitator centered below a wafer.

[0010] Fig. 6 is a top view of the agitator of Fig. 5 shifted by a first dimension

away from a first side EE of the wafer.
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[0011] Fig. 7 is a top view of the agitator of Fig. 5 now shifted by a second
dimension away from the first side EE of the wafer.

[0012] Fig. 8 is a model of a modified agitator having slots removed at one side.
[0013] Fig. 9A is a model of a modified agitator having slots on one side
shortened to provide electric field shielding.

[0014] Fig. 9B is a diagram of shield having notches.

DETAILED DESCRIPTION

[0015] As shown in Figs. 1-3, a processor 10 for electroplating a wafer 30
includes a head 14 supported on a head lifter 16 and a vessel 24. A membrane 40 may
be included to divide the vessel 24 into a lower chamber 44 containing one or more
anodes 28, with a first liquid electrolyte or anolyte, below the membrane 40, and an
upper chamber 42 containing a second liquid electrolyte or catholyte. Alternatively the
membrane 40 may be omitted with the vessel 24 having a single chamber holding a
single electrolyte. Referring to Fig. 3, a field shaping element 46 made of a dielectric
material may be provided in the vessel 24 primarily to support the membrane 40, and
distribute flow of catholyte. In a typical design as shown in Fig. 3, an anode shield 45, a
chamber shield 47, and a weir shield 34 may be provided, as examples of the types of
shields that must be changed over to compensate for process variations, as discussed
above.

[0016] Referring still to Fig. 3, a contact ring 26 on the head 14 holds the wafer
30 and has a plurality of contact fingers for making electrical contact with a conductive
layer, such as a metal seed layer, on the wafer 30. The contact ring 26 may optionally

have a seal to seal the contact fingers from the electrolyte. Typically the contact ring
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has a seal and a backing plate, with the contact ring and the backing plate forming a
wafer holder. The head 14 may include a rotor 36 for rotating the wafer 30 during
processing, with the contact ring 26 on the rotor. The head 14 is movable to position
the wafer holder into a processing position in the vessel, where the seed layer is in
contact with electrolyte in the vessel.

[0017] Referring now also to Fig. 4, a typical paddle or agitator 18 is at a fixed
vertical position within the vessel 24 adjacent to the wafer 30. The agitator 18 may be a
generally circular plate of dielectric material having a plurality of parallel ribs or blades
60 spaced apart by slots 62. An actuator 32 moves the agitator 18 horizontally in a flat
plane, parallel to the wafer, within the vessel 24 to agitate the electrolyte. The agitator
18 and the actuator 32 may be supported on a base plate 20 attached to the vessel 24.
The wafer may be rotating or stationary. The slots allow ionic current to pass through
the agitator 18.

[0018] The ribs and slots may be parallel to each other, and may be equally
spaced apart in an array. The agitator may be a round and flat dielectric material, with a
thickness or rib height of 7-30 mm. The agitator may be symmetrical about a centerline
parallel to the ribs, with the left side of the agitator a mirror image of the right side,
except for the modifications discussed above.

[0019] In the present adaptive shielding apparatus and methods, the agitator
itself is used as an electric field shield, and the need to use and/or manually change
shields (such as the shields 45, 47 and/or 34) may be avoided. In typical operation, the
agitator 18 may move with a (~6-10Hz) oscillation, and with a stroke that is about % to

1x the agitator blade pitch. A secondary low frequency oscillation may be used to shift
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the blade reversal points to avoid imprinting either an electric field or mass transfer
signature on the wafer (i.e., stripes on a stationary wafer, and rings on a rotating wafer).
This secondary oscillation is referred to as the stagger motion. The stagger motion
envelope may be roughly equal to the blade pitch.

[0020] Typically, the agitator/agitator stroke is 2 the blade pitch and the stagger
envelop is equal to the blade pitch. In this case the total motion envelop is roughly 1.5x
the blade pitch, with the motion envelop centered beneath the wafer. In the present
design, however, the agitator design and motion profile are selected to create

adjustable wafer edge shielding.

[0021] Adaptive shielding may be provided in the following ways.
EXAMPLE 1.
[0022] Referring to Figs. 5-7, adaptive shielding may be provided by shifting the

center point of the agitator motion away from the wafer center. This causes selective
shielding of one end EE of the wafer 30 as the wafer rotates past this region. Averaging
due to wafer rotation provides a uniform level of edge shielding. The off-center shift
distance can be used to control the amount of edge shielding. An asymmetric shield
effect can be achieved if wafer rotation is not used or is limited to small angular values
so that the edge shielding is concentrated in a specific region of the wafer.

EXAMPLE 2.

[0023] A larger stagger motion envelop may also be used to create periodic edge
shielding on both sides of the wafer. With this approach various degrees of edge

shielding can be obtained by adjusting the stagger motion distance.
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EXAMPLE 3.

[0024] Another technique is to block select portions of the outer slots 62 of the
agitator 18. This approach enables wafer edge shielding on one or both sides of the
agitator without needing a large shift in the motion center point. Fig. 8 shows a
computational model where the leftmost two slots in the agitator are removed, so that
the left end of the agitator has a solid crescent shape area 55, to provide a shielding
effect via the agitator modeled in Fig. 8. The modeling in Fig. 8 uses wafer patterns
with a large (15 mm square) die and no partial die along the wafer perimeter. This type
of wafer pattern leads to large un-patterned regions along the edge of the wafer, which
presents a significant edge shielding challenge. Fig. 8 illustrates that this agitator-shield
approach defines a chord line 57 on a stationary wafer, beyond which there is
significant shielding in the crescent shaped area 55.

EXAMPLE 4.

[0025] Adaptive shielding may also be provided by adjusting the discrete slot
lengths of the agitator and the agitator motion to create various degrees of edge
shielding. Fig. 9A shows an example where slots 3-8 (counting outward from slot 1 at
or near the center) are made shorter, with the amount of shortening increasing from the
center towards the edge. Side-to-side shielding variation may be achieved by
synchronizing the wafer rotation rate with the agitator stagger motion (e.g., 2X stagger
motion = 40 mm, stagger frequency = 0.17 Hz, and wafer rotation rate = 10.36 rpm with
2 rotations). The slot length adjustments can be symmetric with respect to the agitator
centerline or nonsymmetric, or a combination of both symmetric and non-symmetric

adjustments.
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[0026] The slot length modification may be performed on only half of the agitator
with the length adjustment for a given slot symmetric about a line perpendicular to the
slot length. Unlike the shielding approach shown in Fig. 8, where the shield shape is
defined by a chord line, a slot length adjustment may lead to a broader distribution of
shielding along the edge of the wafer.

EXAMPLE 5.

[0027] Local shielding may also be achieved by synchronizing the agitator motion
with the wafer rotation. This approach may be useful for shielding a local region on the
wafer such as photo-resist covered notch/scribe region. Another example of this
approach may be for patterned wafers without “dummy bumps”. In this case, square or
rectangular shaped die are fit within the round wafer with no partial dies allowed. This
leads to an irregular open area pattern where the dies extend closer to the wafer edge
along the directions that are parallel to the die edges, e.g. at 0, 90, 180, and 270
degrees.

[0028] Conversely, the highest un-patterned areas occur at 45, 135, 225, and
315 degrees. This situation offers the opportunity to align the un-patterned areas of the
wafer with the highest shielding offered by agitator motion. For example, if the highest
shielding is at one end of the agitator because its motion center is shifted away from the
wafer center, then the wafer can be oriented so that the 45, 135, 225, or 315 degree
regions are aligned with the high shielding end of the agitator.

[0029] The wafer need not be continuously rotated. Rather the wafer may be
periodically clocked 90 degrees so that the 45, 135, 225, and 315 degree regions

preferentially share time at the high shielding end of the agitator. Other
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rotation/agitation synchronizations are possible with the goal of aligning the highest un-
patterned regions of the wafer with the highest shielding conditions offered by the
agitator motion and geometry.

EXAMPLE 6.

[0030] A stationary shield 50 beneath the agitator may be constructed with
discrete notch openings 52, as shown in Fig. 9B. When the agitator slot openings are
aligned with these notches, there is no additional shielding. In contrast, when the
agitator slot openings are not aligned with the discrete notch openings, additional edge
shielding is provided. The agitator motion profile can be used to control the amount of
edge shielding by controlling the time during which the agitator slots are aligned or not
aligned with the stationary shield notch openings.

[0031] As an alternative to discrete notch openings, one or all of the shields 45,
47 and 34 may be replaced with a diffuser plate with discrete holes along the outer
perimeter. The agitator slot openings can similarly be aligned with or not aligned with
the diffuser holes to vary the amount of edge shielding. The examples listed above may
be combined to obtain different forms of adaptive edge shielding. Some approaches,
such as examples 1 and 2 above, may require a larger motion envelope, but offer the
advantage that the shielding can be “turned off” if the typical motion profile is used. The
method of example 3 above may induce a shielding effect that cannot be “turned off”,
but this may be acceptable if this shielding replaces the effect of an existing shield such
as the chamber shield.

[0032] These examples illustrate two different implementation approaches:
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[0033] (A.) The adaptive shielding of the agitator is used to augment a
processor having conventional shields (such as shields 45, 47 and 34) in place in the
vessel. For example, chamber shields are selected for wafer patterns with “dummy
bumps”. Typical agitator motion profiles are used for these ‘baseline’ wafer types. For
wafer patterns without “dummy bumps” that need more edge shielding, the agitator
motion profile is modified to create the desired level of edge shielding.

[0034] (B.) The adaptive shielding of the agitator is used to replace one or
more of the shields. In this case, the agitator geometry and motion may be used to
achieve the desired level of edge shielding. In this case the processor may have no
shields in the vessel.

[0035] The invention may be characterized in one embodiment as an
electroplating processor comprising a head having a wafer holder for holding and
making electrical contact with a wafer, with the head movable to position the wafer
holder in a vessel holding an electrolyte, and with at least one anode in the vessel. An
agitator in the vessel has an array of ribs and slots, with a first side of the agitator
having fewer slots than a second side of the agitator. An actuator is attached to the
agitator for moving the agitator horizontally within the vessel.

[0036] In another embodiment, the invention may be characterized by an
electroplating processor having a head with a wafer holder for holding and making
electrical contact with a wafer. The head is movable to position the wafer holder in a
vessel having at least one anode in the vessel. An agitator in the vessel has a pattern

of ribs and slots, with slots on a first side of the agitator shorter than slots on a second
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side of the agitator. An actuator is attached to the agitator for moving the agitator
horizontally within the vessel.

[0037] An electroplating method includes placing a wafer into contact with liquid
electrolyte in a vessel, and conducting electric current through the liquid electrolyte. An
agitator is moved below the wafer with a movement that selectively shields a portion of
the wafer. The agitator may have a stagger movement so that the time-averaged
presence of the agitator over a first side of the wafer is greater than over a second side
of the wafer. The method optionally further includes rotating the wafer. If used, the
rotation may be synchronized with movement of the agitator.

[0038] Selectively shielding means shielding one area of the wafer more than
other areas of the wafer. Selectively shielding may be achieved by temporally shifting
the average position of the agitator towards one side of the wafer, by omitting or
shortening slots in the agitator, and/or by synchronizing movement of the agitator with

rotation of the wafer.
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CLAIMS

1. An electroplating method, comprising:

placing a wafer into contact with liquid electrolyte in a vessel,

conducting ionic current through the liquid electrolyte;

moving an agitator below the wafer with a horizontal movement that selectively shields a
portion of the wafer; and

rotating the wafer and synchronizing the rotation of the wafer with the movement of the
agitator.

2. The method of claim 1 with the agitator having an array of ribs and slots, and with a first side
of the agitator having fewer slots than a second side of the agitator.

3. The method of claim 1 with the agitator having an array of ribs and slots, and with the slots on
a first side of the agitator shorter than the slots on a second side of the agitator.

4. An electroplating method, comprising:

placing a wafer into contact with liquid electrolyte in a vessel,

conducting ionic current through the liquid electrolyte;

moving an agitator below the wafer with a movement that selectively shields a portion of
the wafer;
with the agitator having a stagger movement so that the time-averaged presence of a first side
of the agitator over a first side of the wafer is greater than over a second side of the wafer.

5. The method of claim 4 with the agitator having an array of ribs and slots, and with a first side
of the agitator having fewer slots than a second side of the agitator.

6. The method of claim 4 with the agitator having an array of ribs and slots, and with the slots on
a first side of the agitator shorter than the slots on a second side of the agitator.

7. An electroplating method, comprising:

placing a wafer into contact with liquid electrolyte in a vessel,

conducting ionic current through the liquid electrolyte;

moving an agitator below the wafer with a movement that selectively shields a portion of
the wafer;
with the agitator having an array of ribs, a top side, a bottom side, a first side and a second side,
and with the first side of the agitator having fewer ribs than the second side of the agitator.

8. The method of claim 7 further including rotating the wafer and synchronizing the rotation of
the wafer with the movement of the agitator.

9. The method of claim 7 with the ribs on the first side of the agitator shorter than the ribs on the
second side of the agitator.
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