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connect, within the layer 116b, the first plenum inlet 102 or one of the second plenum
inlets 104, respectively, with a corresponding first feed riser port 138 or second feed
riser port 140, respectively. The first feed riser ports 138 and the second feed riser
ports 140 in the layer 116b may pass through the bottom of the layer 116b and may
each fluidically connect one of the first feed passages 124 or second feed passages 126,
respectively, with a first feed plenum 130 or second feed plenum 132, respectively, in a
layer 116c.

[0046] The layer 116c¢, which is one of the feed layers 120, may have a plurality
of gas distribution features that each generally take the form of a central plenum having
a plurality of feed spoke passages extending outward therefrom. For example, the layer
116c may have a plurality of first feed plenums 130 (four are shown, but other numbers
may be used as well—there will generally be as many as there are first feed riser ports
138 in the immediately upstream layer 116). Similarly, the layer 116c may also have a
plurality of second feed plenums 132 (four are shown, but other numbers may be used
as well—there will generally be as many as there are second feed riser ports 140 in the
immediately upstream layer 116).

[0047] Each first feed plenum 130 may have a plurality of first feed spoke
passages 134 that radiate outward from that first feed plenum 130; each first feed
spoke passage 134 may terminate at a corresponding first feed riser port 138 in the
layer 116¢ that leads to the immediately downstream layer 116, e.g., layer 116d.
Similarly, each second feed plenum 132 may have a plurality of second feed spoke
passages 136 that radiate outward from that second feed plenum 132; each second
feed spoke passage 136 may terminate at a corresponding second feed riser port 140 in
the layer 116¢ that leads to the immediately downstream layer 116. Each first feed
riser port 138 and second feed riser port 140 in the layer 116c may be positioned at a
location generally centered over a corresponding plenum feature in the immediately
downstream layer.

[0048] It will be noted that feed spoke passages radiating out from each feed
plenum may not necessarily have equal flow resistances due to variation in the
geometry of the feed spoke passages. This is discussed in more detail later.

[0049] It will also be noted that the feed passages and the feed spoke passages

shown in Figure 5 also each include two internal support walls 128, which generally
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distribution feature in the immediately upstream layer. For example, in the example DPF
showerhead 100, the center-to-center distance between the riser ports for a given radially
symmetric gas distribution feature is 50% of the corresponding center-to-center distance
between riser ports for the radially symmetric gas distribution feature immediately
upstream from the given radially symmetric gas distribution feature. However, the cross-
sectional width of each spoke passage may actually increase relative to that center-to-
center spacing in the immediately upstream radially symmetric gas distribution feature.
Figure 9 provides additional insight as to such characteristics. In Figure 9, three sets of one
first radially symmetric gas distribution feature 146 and four adjacent second radially
symmetric gas distribution features 148 (one set from each of the three fractal layers 122)
have been scaled such that all have the same center-to-center distances between their
respective riser holes and then overlaid so that they are centered on one another. As can
be seen, the first and second radially symmetric gas distribution features 146" and 148/,
respectively, from the layer 116e (shown in dotted outline) feature slightly wider (relative
to the center-to-center distances between riser holes) spoke passages than the
corresponding first and second radially symmetric gas distribution features 146 and 148.
Similarly, the first and second radially symmetric gas distribution features 146" and 148",
respectively, from the layer 116f (shown in dashed outline) feature slightly wider (relative
to the center-to-center distances between riser holes) spoke passages than the
corresponding first and second radially symmetric gas distribution features 146" and 148'.
[0052] Additionally, it can be seen that the size of the diameters of the first and
second riser holes of each radially symmetric gas distribution feature relative to the center-
to-center spacing may vary between radially symmetric gas distribution features in fractal
layers that are immediately upstream/downstream from one another.

[0053] In some implementations, a portion of the radially symmetric gas
distribution features for one or more fractal layers 122 may be provided only in “partial
form,” i.e., with only a portion of the radially symmetric gas distribution features present.
For example, the radially symmetric gas distribution features in the example DPF
showerhead are +-shaped or x-shaped, each having four spoke passages radiating outward
from a hub plenum. A partial radially symmetric gas distribution feature, in this context,

may be similarly structured, but missing one or two of the spoke passages.
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gas distribution holes, the flow rate through the center hole may, in some such
implementations, be modified by altering the flow path resistance through the
showerhead from the first gas inlet to the center hole; it need not have the same flow
resistance as the other first gas distribution holes of the first plenum.

[0067] It will be further noted that while this disclosure has primarily been
directed at a dual-plenum fractal showerhead, similar principals may be implemented in
a single-plenum fractal showerhead format, e.g., by simply omitting one of the plenums
and associated features. Such single-plenum fractal (SPF) showerheads are also
considered within the scope of this disclosure.

[0068] DPF (and SPF) showerheads according to the concepts discussed herein
may, as discussed earlier, be used in semiconductor processing operations. For
example, a DPF or SPF showerhead may be used in a semiconductor processing
chamber, such as semiconductor processing chamber 170 in Figure 19. Such a DPF or
SPF showerhead 100 may be suspended within the chamber 170 via a stem 176, which
may include gas supply passages for delivering process gas to the inlets of the DPF or
SPF showerhead for distribution across a wafer 174 that may be supported within the
chamber 170 by a pedestal 172.

[0069] In some implementations, a controller may be provided. The controller
may be part of a system that may include the above-described examples, and may be
operatively connected with various valves, mass flow controllers, pumps, etc. so as to
be able to receive information from and/or control such equipment. Such systems can
include semiconductor processing equipment, including a processing tool or tools,
chamber or chambers, a platform or platforms for processing, and/or specific
processing components (a wafer pedestal, a gas flow system, etc.). These systems may
be integrated with electronics for controlling their operation before, during, and after
processing of a semiconductor wafer or substrate. The electronics may be referred to
as the “controller,” which may control various components or subparts of the system or
systems. The controller, depending on the processing requirements and/or the type of
system, may be programmed to control any of the processes disclosed herein, including
the delivery of various gases, such as to a DPF or SPF showerhead as described herein,

temperature settings (e.g., heating and/or cooling), pressure settings, vacuum settings,
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