10

15

20

25

30

Qo0 tpes

-1 -
SEMICONDUCTOR DEVICE WITH DUMMY FEATURES
IN ACTIVE LAYERS

KGROUND

1.  Field Of The Invention

The present invention relates to the field of semiconductor devices and more

' particularly to a method of design and manufacture of a device having dummy features in

the active layers.
2.  ProrAn

During the manufacture of semiconductor devices, numerous device structures or
insulative layers are fabricated from various materials deposited on the surface of a
semiconductor surface. Typically, a layer of the material from which a given structure is
formed is deposited by sputter deposition, chemical vapor deposition (CVD), or other
means. The layer is coated with photoresist which is patterned to form a mask. The
material is then removed from exposed regions by a wet or dry etch as is well known in the
art. The material may be, for example, a metal layer such as aluminum, titanium, tungsten,
titanium nitride, various noble, near-noble or precious metals, as well as any combination
of the foregoing or other metals; a silicide, including tungsten silicide, titanium silicide, and
cobalt silicide among others; a polysilicon layer, doped or undoped; an oxide layer, doped
or undoped; or a polymer layer such as polyimide, parylene, or a fluoropolymer, for
example. The structure or layers formed could be, for example, various types of
interconnection lines, contact or via fills, gates, word or bit lines, spaccré, or insulative
laye_rs, among others, In addition to structures formed on the semiconductor substrate,
various active regions, such as diffusion regions, é}étfdrfﬁed within the substrate. _

As described above, after deposition of, for examli‘lé:fg;pggtal layer, an etch of the
layer is performed. Often, the etch is performed after a mﬁsiéing layer has been formed to
define the desired patiern. In some cases, however, such as during a contact or via
opening etchback, no masking layer is used and a blanket etchback is performed. In either
case, the etch time depends on the amount of metal which is to remain on the substrate after
the etch. That s, if the desired features occupy a small fraction of.the surface area of the

substrate, a longer etch time will be required than if the features occupy a larger percentage
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of the surface area. ‘This phenomenon is known as the loading effect and is well known in
the art.

The loading effect can cause various manufacturing problems. If a given layer has
a small percentage of the layer remaining after the etch (i.e. most of the layer isto be
etched), the required etch time is longer. The longer etch time can lead to resist punch
through. This is due to the fact that, although the etch used is generally selective so that the
layer etches at a faster rate than the resist, the resist does etch at some finite rate. This
causes portions of the photoresist used as a mask to be etched through, which causes a
portion of the feature, for example, a metal line, to be etched. The etching of the feature
can cause device failure thereby reducing yields. Additionally, devices having partially
etched metal lines pose a reliability hazard, as they may fail during use. In the prior art, the
resist punch through problem is ofien overcome by leaving several individual dieon a
wafer completely covered with a metal layer, to increase the percentage of the .wafer with
metal remaining. Of course, this renders the covered die non-functional, thereby reducing
the wafer yield. )

" The above described loading effect also affects the deposition times of subsequent

layers. This can occur due to the fact that the impedance encountered during deposition is

dependent upon the amount of metal remaining on the wafers. For example, a passivation

layer deposited on a metal layer will have a longer deposition time when a small percentage
of the metal remains, and a shorter deposition time when a large percentage of the
preceding metal layer remains. The longer etch and deposition time caused by the loading
effect can adversely affect throughput times of the individual processes. Additionally, the
loading effect can also cause local variations in etch and deposition rates across the surface
of a wafer, leading to non-uniformities.

The loading effect also adversely affects product manufacturability in fabrication |
facilities where several different types of devices are fabricated by a single process. For
example, a particular process sequence may be used for metal 1 etch for all devices.
During production, a lot of wafers of one type of device may be processed through that
sequence, followed by a l_m of wafers of a different device type. If the two different
products have different percentage metal rémaining, different etch parameters must be
utilized to process the different lots. The parameters used may include gas flow rates,
power, pressure, electrode gap distance, and etch time. The set of parameters used for an

etch or deposition is referred to as a recipe. The requirement of different parameters means
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that each new product must have the etch process re-engineered so that it is optimized for

that product. In addition to the additional engineering resources utilized, the requirement
for different recipes for the various etch and deposition steps for each product reduces
throughput as the etch or deposition recipe must be changed prior to the processing of a lot
of wafers through the process.

What is needed is a method and design allowing for different types of devices to be

processed through a process step utilizing the same process recipe.
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SUMMARY OF THE INVENTION

A design and rﬁanufacture of a semiconductor device is disclosed. In a preferred
embodiment, the layout of an active layer is extracted from the device's database. All active
areas of the active layer are recorded in a virtual layer. Any process dependent special
design rules are taken into account by adding a guard band of a specified width around the
appropriate active regions. Next, a further guard band is drawn around all active regions of
all layers to avoid line to line and interlayer parasitic capacitance. This procedure is
'repeated with all active layers, adding active regions and any guard bands to the virtual
layer for each layer. A blocking layer is added to the virtual layer to block out user defined
regions where dummy features cannot be added. The virtual layer (including blocking
layer) defines the regions where dummy features cannot be added. Dummy features are
then added outside of these regions for each active layer. The addition of the dummy
features causes the percentage of, for example, metal remaining, to be approximately the
same regardless of device type, allowing for the same process recipe to be used at each

process step regardless of the device being fabricated.
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RIE IP E THE DR N

The present invention is illustrated by way of example and not limitation in the

following figures in which:

Figure 1 shows a flow chart of the steps in a preferred embodiment of the present

invention.

Figure 2 represents the active layer features plus design rule guard bands in a virtual

layer formed in accordance with a preferred embodiment.

Figure 3 represents the virtual layer of Figure 2 with parasitic capacitance guard

bands added.

Figure 4 represents use of the virtual layer to define the region where dummy

features may be placed.

Figure 5 shows an example of the dummy features added.
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ETAILED D IPTI RED EMBODIME

In the following description, numeroué specific details are set forth such as specific
patterns, dimensions, etc. in order to provide a thoréugh understanding of the present
invention. It will be obvious, however, to one skilled in the art that these specific details
need not be employed to practice the present invention. In other instances, well known
materials or methods have not been described in detail in order to avoid unnecessarily
obscuring the present invention. Additionally, although a specific sequence of steps is
described, it will be readily appreciated that one or more steps may be combined or
performed in an order other than that specified herein.

As described fully below, dummy features are added to active layers in order to
equalize the amount of material remaining after the etch of an active layer from one type of
device to the next. Before creating the dummy features, a virtual layer, which is a two
dimensional composite of the features from all active layers (plus various guard bands as
described below) is created to define the regions where no dummy features may be present.
The virtual laSIer is created by performing an OR operation with all active layers, so that the
virtual layer delineates regions which are occupied by features (plus applicable guard
bands) in one or more active layers of the device. It will be understood that in the
following figures, the virtual layer is shown as having distinct features from all active
layers only for purposes of illustration. _

Figure 1 shows a flow chart of the steps of a preferred embodiment of the présent
invention. First, an active layer’s layout is extracted from the database as shown by step
10. The active layer could be, for example, a diffusion layer, a polysilicon layer, or a metal
layer. For example, the first active layer extracted could be a diffusion layer. Next, all of
the features of the active layer, for example, source and drain diffusions and any other
diffusion regions in thai active layer, ax;e plotted in a virtual layer. Feature, as used herein,
is not limited to active features which form part of a device, for example, but include any
defined element of an active layer that may be present for design or manufacturing
purposes. The virtual layer is simply a duplicate of the first active layer extracted at this
point. _

Next, as shown by step 11 of Figure 1, a design rule guard band is added. The
design rule guard band includes any special design rules which require, for example, that

no metal layer be within a specified distance from other metal lines in the same layer.
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These special design rules are process dependen_t. For example, in a preferred
manufacturing pfocess, metal to metal spacing must exceed 2} to prevent metal shorts. As
another example, diffusion to diffusion spacing must be sufficient to prevent punch-
through. The special design rule guard bands are placed around the perimeter of each
feature in each active layer, and have a width as defined By the user for that layer. At this
point, the virtual layer includes the features of the first active layer, with appropriate design
rule guard bands added to the appropriate features. .

Referring again to Figure 1, parasitic capacitance guard bands are added to each
feature to reduce or eliminate parasitic capacitance as shown by step 12. Softwaré
programs exist which can calculate the lateral distance which must be kept from any actiye
area or feature in order to add less than a specified percentage parasitic capacitance. The
parasitic capacitance guard bands formed in a preferred process have a width of
approximately 4).. The exact maximum allowable parasitic capacitance will depend upon
the performance required by the user. In order to keep any parasitic capacitance at or below
the maximum required by the user, the parasitic capacitance guard.band around each feature
of each active layer is based upon the worst-case parasitic capacitance. For example, if a
parasitic capacitance guard band of 4pt .is required to keep the metal 1-diffusion parasitic
capacitance at or below the maximum, while a 21 guard band is required to keep the metal
1-metal 2 parasitic capacitance at or below the maximum, then a 4§t parasitic capacitance
guard band will be added to the metal 1 layer features at step 12 (assuming there are no
other cross-capacitances requiring a parasitic capacitance guard band greater than 4p).

Then, as shown by step 13 of Figure 1, the current active layer is OR’ed with the
virtual layer, to create an updated virtual layer which is a two dimensional composite of all
active layers (plus design rule and parasitic capacitance guard bands) extracted so far. This
step need not be performed for the first active layer extracted.

Referring to step 14 of Figure 1, a determination is made as whether there are any
more active layers to be OR’ed with the virtual layer. If not, processing proceeds to step
15. If so, then processing returns to step 10, where the next active layer’s layout is
extracted. Then, in step 11, user defined design rule guard bands are added to the next
active layer's layout. Next, in step 12, parasitic capacitance guard bands are added to the
next active layer's layout. Then, in step 13, this next active layer (including design rule

and parasitic capacitance guard bands) is OR’ed with the virtual layer. This process is



10

15

20

25

30

-8 -
repeated until all active layers (plus guard bands) have been added to the virtual layer in 2
currently preferred embodiment. ' ' |

Figure 2 shows a portion of the virtual layer after all active layers have been.
processed du"pugh steps 10-13 of Figure 1. In the portion of the virtual layer shown in
Figure 2.- features from four different active layéi's and their respective design rule guard
bands are present. For purposes of illustratioﬁ, _the capacitance guard band is not shown in
Figure 2. Other regions of the virtual layer not shown in Figure 2 may have features from
additional active layers. The portion of the virtual layer shown in Figure 2 comprises
features (and their design rule guard bands) from diffusion 21, metal 1 layer 22,
polysilicon layer 23, and metal 2 layer 24.

Figure 3 shows the portion of the virtual layer shown in Figure 2 including the
parasitic capacitance guard bands, shown as dashed lines, around each feature. The guard
bands for each feature have been identified by using the reference numeral of that feature
followed by a “GB.” Thus, the guard band for diffusion regions 21 is identified as 21GB
in Figure 3, for example. As described earlier, the virtual layer is a single composite layer
obtained by adding all active layers, special design rule guard bands, and parasitic
capacitance guard bands together by using an OR operation. Thus, the virtual layer would
not show any individual features or guard bands as has been done for illustration _in Figures
2 and 3, but would consist of regions which have features or guard bands present in any
one or more of the active layers.

Next, as shown by step 15 of Figure 1, a blocking layer is added. The blocking
layer is a layer of user defined regions where no dummy features can be added. This layer
is ORed with the virtual layer and results in additional regions where no dummy features
can be placed. The blocking layer is used-to prevent or block dummy features from being
placed in the regions, for example, where a corporate logo, copyright notice, alignment
mark, or other such feature is present. Also, the blocking layer also blocks out sensitive
areas where it is desired not to place any dummy features, such as where SRAMs, analog
circuits, and sense amps, for example, are present.

Referring to Figure 4, the region of the virtual layer shown in Figure 3, is shown.
The boundaries of the hatched regions 40 correspond to the outer boundarics of the various
guard bands shown in Figure 3. The regions 40 are regions where no dummy features
may be formed. In the portion of the virtual layer shown in Figures 2-4, none of the

regions blocked by the blocking layer are present. At this point, the virtual layer comprises
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several regions 40 which are "blocked" regions. The blocked regions include all features,
plus design rule and parasitic capacitance guard bands, of all active layers, plus regions
defined in the blocking layer. In all other regions 45, dummy features are permitted.

Finally, as shown by Step 16 of Figure 1, dummy features are added. In theory,
the dummy features can be any size and shape. In fact, it may be possible to leave all of
regions 45 covered with, for example; a metal layer. However, such an approach could
cause problems which are difficult to predict since such features are not present on most
devices and have not been studied extensively. Therefore, the routine used to generate
dummy features follows the following general approach in a preferred embodiment of the
present invention. First, no non-standard shapes or sizes are allowed. That is, only those
shapes and sizes which are regularly used in device design are utilized. Generally, these
shapes are some type of polygon. The size of the dummy fea;nes is similar to the size of
other features found on the device. Next, the length is limited to no more than
approximately 100y to prevent an antenna effect. That is, long metal lines could act as
antennas during RF processing, thereby causing a high voltage to be built up on them. The
maximum allowable length is defined by the technology design rules and is process
dependent. Next, the features and spaces between the features must be within the process'
resolution limit. Also, the dummy features should be placed as uniformly across the
surface of the device as possible. Finally, dummy features should be added until the
amount of material remaining after etch is approximately the same from device to device for
all active layers of all device types fabricated by the same process.

In a preferred embodiment, the dummy features are added to all active layers where
the loading effect occurs. It should be borne in mind that the above described method is
carried out separately for each device which is fabricated in one production process. While
the placement, size and shape of the dummy features may vary from one device to the next
due to layout differences, the total area covered by active and dummy features is kept the
same in order to equalize the amount of material remaining for each active layer from one
device to the next. Generally, for a given layer, all devices fabricated on the same
production line should be abbve a predetermined percentage and should be within
approximately 7% of one another at most and preferably within approximately 3% of one
another in terms of material remaining for that layer. It has been found that for metal 1 for
several different devices, filling in all of the allowed area (i.e., regions 45 of Figure 4) with

polygons according to the earlier described considerations results in a metal remaining
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percentagé in the range of approximately 50-55% for all devices. In some cases, however,
it may be necessary or desirable as an additional parameter to specify that dummy features
be added to a layer until a certain specified percentage of the substrate is covered with active
plus dummy features, in order to ensure that all devices are within a range sufficient to
allow the same etch and deposition recipes to be used for that layer for all devices. Of
course, the dummy features do not need to be added to all active layers. If desired, they
can only be added to the one or two layers where the Ioé\ding effect is the most problematic.

Figure 5 shows the dummy features 50 which will be added to, for example, the
metal 1 layer layout in the region depicted in Figures 2-4. Other regions outside of blocked
regions 40 on other portions of the device not shown in Figure 5 will contain similar
dummy features 50. The dummy features 50 in the embodiment shown in Figure 5 are
similar in shape and dimension to other metal lines (with cuts or breaks to prevent the
antenna effect). However, it will be appreciated that the dummy features 50 do not need to
resemble metal lines and do not need to be the same general shape as one another. The
dummy features S0 can be of any size and shape as described earlier.

The present invention has still other benefits in addition to allowing the use of the
same recipes for etches and depositions fc'ar all devices. Since the amount of material
remaining after etch is increased, etch times are reduced, increasing throughput. Also,
since etch time is reduced, resist punch-through is prevented, thereby increasing reliability
without a sacrifice in wafer yield. Since the dummy features are added over most of the
surface of the device, the density of features, both active and dummy, is more uniform over
the surface of a wafer during processing. This helps reduce a local or micro loading effect
from occurring where, for example, one region etches more rapidly than another due to the
differing amounts of material to be removed. Therefore, a benefit of the present invention
is more uniform etches and depositions across the surface of the wafer. As a further
benefit, a device fabricated by the method of the present invention is more difficult to
reverse engineer than a prior art device. Since each layer contains a large r‘lumber of
dummy features, it is difficult for a competitor to peel apart the device and view the layout
of active features in each layer.

Although the invention hasbeen described in reference to a specific embodiment
thereof, it will be evident that modifications can be made within the spirit and scope of the
disclosed embodiment. For example, all layers of a device do not need to utilize the same -

virtual layer as has been described herein. Each layer can use its own virtual layer to define
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regions where dummy features can and cannot be added. In this case, a design rule guard
band could be added only for the layer under consideration, rather than for each active
layer. As an alternative to the sequence of steps shown in Figure 1, the parasitic

capacitance guard band could be added after all active layers have been added together (i.c.,

* after step 14 and before step 15, for example). In general, any method which causes each

of the desired active layers of all devices fabricated in a protection line to have the same
percentage of the substrate covered with active plus dummy features, and which does not
violate any design rules or cause unacceptable parasitic capacitance or diffusion punch-
through, is within the scope of the present invention.

Thus, a method for designing and fabricating devices which will allow for
processing different types of devices in a manufacturing process using the same each and
deposition recipes has been described. The use of the same recipe from device to device
allows for improved yield and reliability, as well as decreased throughput time. The
invented method also improves etch and deposition uniformity, and makes reverse

engineering of a device more difficult.
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1. A method of designing a device comprising the steps of:

providing a layout of a first active layer; '

defining a plutality of active regions of said first active layer, each of said active
regions comprising a feature of said first active layer;

defining a plurality of blocked regions comprising said active regions; and,

defining a plurality of dummy features in regions other than said blocked regions.

2, The method as described in Claim 1 further comprising the steps of:

providing at least one additional layout of an additional active layer;

defining.a plurality of additional active regions of said additional active layer, each
of said additional active regions comprising an additional feature of said additional active
layer; and,

ORing said additional active regions with said active regions to define said blocked

region.

3. The method as described in step 2 wherein said at least one additional layout

of said additional active layer comprises layouts of all active layers of said device.

4, The method as described in Claim 3 wherein each of said active regions and
each of said additional active regions comprise a parasitic capacitance guard band
surrounding each of said features and each of said additional features, each of said parasitic
capacitance guard bands having a predetermined width, said predetermined width sufficient

to prevent parasitic capacitance in excess of a predetermined amount.

5. The method as described in Claim 3 wherein said blocked regions further

_ comprise user definedregions.

6. The method as described in Claim 4 wherein said blocked regions further

comprise user defined regions.
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7. The method as described in Claim 3 wherein said active regions and said
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additional active regions further comprise a design rule guard band.

8. The method as described in Claim 4 wherein said active regions and said

additional active regions further comprise a design rule guard band.

9. The method as described in Claim 6 wherein said active regions and said

additional active regions further comprise a design rule guard band.

10.  The method as described in Claim 3 wherein said device is one of a plurality
* of different devices to be fabricated by a manufacturing process, and wherein said method

is performed on said plurality of different devices.

11.  The method as described in Claim 4 wherein said device is one of a plurality
of different devices to be fabricated by a manufacturing process, and wherein said method

is performed on said plurality of different devices.

12.  The method as described in Claim 9 wherein said device is one of a plurality
of different devices to be fabricated by a manufacturing process, and wherein said method

is performed on said plurality of different devices.

13.  The method as described in Claim 10 wherein the total combined percentage
of area covered by said dummy features and said features is within 7% for said first active

layer of all of said plurality of devices.

14.  The method as described in Cl.aim 11 wherein the total combined percentage
of area covered by said dummy features and said features is within 7% for said first active

layer of all of said plurality of devices.

15.  The method as described in Claim 12 wherein the total combined percentage
of area covered by said dummy features and said features is within 7% for said first active

fayer of all of said plurality of devices.



(T

16. A method of fabricating a device comprising the steps of:
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depositing a first layer;

forming a patterning layer on said first layer, said pattéming layer comprising a
plurality of active features and a plurality of dummy features, said dummy features formed
in regions other than a plurality of blocked regions, wherein said blocked regions are
defined by the steps of:

providing a layout of a first active layer;

defining a plurality of active regions of said first active layer, each of said active
regions comprising a feature of said first active layer;

providing at least one additional layout of an additional active layer;

defining a plurality of additional active regions of said additional active layer, each
of said additional active regions comprising an .additional feature of said additidnal active
layer; and,

ORing said additional active regions with said active regions to define said blocked

regions.

17.  The method as described in step 16 wherein said at least one additional

layout of said additional active layer comprises layouts of all active layers of said device,

18.  The method as described in Claim 17 wherein each of said active regions
and each of said additional active regions comprise a parasitic capacitance guard band
surrounding each of said features and each of said additional features, each of said parasitic
capacitance guard bands having a predetermined width, said predetermined width sufficient

to prevent parasitic capacitance in excess of a predetermined amount.

19.  The method as described in Claim 17 wherein said blocked regions further

comprise user defined regions,

20.  The method as described in Claim 18 wherein said blocked regions further

comprise user defined regions.

21.  The method as described in Claim 17 wherein said active regions and said

additional active regions further comprise a design rule guard band. .
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22.  The method as described in Claim 18 wherein said active regions and said

additional active regions further comprise a design rule guard band.

23." The method as described in Claim 19 wherein said active regions and said

additional active regions further comprise a design rule guard band.

24,  The method as described in Claim 17 wherein said device is one of a
plurality of different devices to be fabricated by said method, aﬁd wherein said method is

performed on said plurality of different devices.

25.  The method as described in Claim 18 wherein said device is one of a
plurality of different devices to be fabricated by said method, and wherein said method is

performed on said plurality of different devices.

26.  The method as described in Claim 19 wherein said device is one of a
plurality of different devices to be fabricated by said method, and wherein said method is

performed on said plurality of different devices.

27.  The method as described in Claim 24 wherein said method further
comprises an etch of said first layer, and wherein the total combined percentage of area

covered by said first layer remaining after said etch is within 7% for said first layer of all of

said plurality of devices.

28.  The method as described in Claim 25 wherein said method further
comprises an etch of said first layer, and wherein the total combined percentage of area
covered by said first layer remaining after said etch is within 7% for said first layer of all of

said plurality of devices.

29.  The method as described in Claim 26 wherein said method further
comprises an etch of said first layer, and wherein the total combined percentage of area

covered by said first layer remaining after said etch is within 7% for said first layer of all of

said plurality of devices.



[

- 16 -

- 30. A method of fabricating a device substantially
as hereinbefore described with reference to the accompanying
drawings.
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