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SEMICONDUCTOR DEVICE AND PROCESS THEREFOR 

Field of the Invention 

5 The present invention relates to semiconductor devices, masks, and 

processes for forming or designing them and, more particularly, to process­

assist features located at or near via locations. 

Related Art 

10 In the semiconductor manufacture process,·the various process steps 

and their sequence can yield non-planar topographical features of the 

semiconductor device. The topographical features are necessary in order to 

provide desired function in the device. The topographical variation caused by 

the features, however, can present certain problems in the semiconductor 

15 manufacturing process and also in operations of the final product 

semiconductor device. 

These problems are particularly encountered in via locations of the 

device during manufacture. For example, the exposure energy and 

procedures to print vias must account for the greatest thicknesses of resist 

20 although resist thickness varies. This problem can result in overetch and 

underetch of portions on the same die because of lag problems that occur in 

that etch rates are slowed as the aspect ratio increases because of thicker 

resist. As used herein, aspect ratio of an opening is a ratio of the depth of the 

opening to the width of the opening. 

25 Another problem includes "side lobing" when a phase-shifting mask is 

used. When radiation passes through a phase-shifting mask, a secondary 

peak in radiation occurs near the edge of the feature being printed in the 

resist. The resist requires higher levels of radiation to expose the resist at 

locations where the resist is thicker. However, if the radiation is too high, the 

30 secondary peak can exceed the level of energy needed to expose a pattern in 

the resist. Because these typically occur near the edge of a pattern, it is 

called "side lobing." If the minimum exposure required for the thicker resist 
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exceeds the maximum exposure before side lobing occurs, the process will 

not work. 

The problems described above are particularly apparent in trench first, via last 

{TFVL) manufacture procedures, which is a process for forming dual-inlaid 

5 openings for interconnects or the like, where trenches are formed before via 

openings. An example of the resist thickness variation is shown in FIG. 1. In 

FIG. 1, a portion of a semiconductor device workpiece 100 includes an 

insulating layer 102 where a narrow trench 103 and a wide trench 105 have 

previously been formed. The semiconductor device workpiece 100 is 

1 O conventional in that it includes a semiconductor device substrate (not shown 

in full), such as a monocrystalline semiconductor wafer, a semiconductor-on­

insulator substrate, or any other substrate suitable for use to form 

semiconductor devices. As those skilled in the art know and appreciate, the 

semiconductor device substrate can comprise various layers and 

15 configurations, including active, passive, insulative, conductive and other 

elements, as desired in the particular case. 

A resist layer 104 is formed over the insulating layer 102 and within the 

trenches 103 and 105. Due to the shapes and locations of the trenches, 

viscosity of the resist layer 104 (when coated), and other fluid mechanical 

20 properties, the resist layer 104 is not planar at its uppermost surface and has 

different thicknesses in the wide trench 105 and the narrow trench 103. The 

resist layer 104 is patterned to correspond to via locations, which are 

locations where vias will be formed. With increased trench width, the resist 

thickness in the trench decreases. For example, the thickness A of the resist 

25 104 in the narrow trench 103 is greater than the thickness 8 of the resist 104 

in the wide trench 105. 

Openings 106 and 108 are formed within the resist layer 104 to 

correspond to the via locations. Before forming openings 106 and 108, the 

resist layer 104 is significantly thicker where resist opening 106 (e.g. 

30 approximately 2.5 microns) will be formed compared to where the resist 

opening 108 (e.g., approximately 1.7 microns) will be formed. In some 

technologies, the energy of radiation required to expose the resist layer 104 in 
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forming the opening 106 exceeds the maximum energy before side lobing will 

be seen when a phase-shift mask is used. 

Even if the resist openings 106 and 108 can be formed, too much etch 

lag may occur. After forming the resist openings 106 and 108, the insulating 

5 layer 102 is etched to form via openings that typically connect to underlying 

conductors (not shown). The insulating layer 102 will etch more quickly under 

resist opening 108 because the aspect ratio of resist opening 108 is smaller 

than the aspect ratio of resist opening 106. The lower aspect ratio allows 

etchant and etch products to enter and leave the resist opening 108 more 

10 easily compared to resist opening 106. The result is that the insulating layer 

102 needs a different amount of time to remove the insulating layer under 

resist openings 106 and 108. Problems can include not clearing all the 

insulating layer 102 under the resist opening 106 or overetching the 

underlying conductor (not shown) that lies below resist opening 108. Even if a 

15 relatively narrow opening is formed and the insulating layer 102 is cleared 

from it, the relatively wider openings may become too wide while clearing the 

insulating layer 102. 

20 Brief Description of the Drawings 

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

in the accompanying figures, in which like references indicate similar 

elements, and in which: 

FIG. 1 includes an illustration of a cross-sectional view of a prior art 

25 semiconductor device substrate having an ILD layer with trenches, and a 

resist fayer formed on the ILD layer and within the trenches; 

FIGs. 2-7 include illustrations of cross-sectional views of a portion of a 

semiconductor device formed in accordance with an embodiment of the 

present invention; 

30 FIG. 8 includes an illustration of a top view of an embodiment of a 

process-assist feature near a via location of a wiring structure as formed in 

FIGs. 2-7; 
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FIGs. 9-12 include illustrations of top views of alternative embodiments 

of process-assist feature(s) near via locations; 

FIG. 13 includes an illustration of an embodiment of a process-assist 

feature at a location of several vias along a wiring structure; 

5 FIG. 14 includes an illustration of a top view of a semiconductor device 

substrate with process-assist features placed near certain of the via locations; 

FIG. 15 includes a flow diagram of a process for performing sizing and 

placement of a process-assist feature according to embodiments of the 

present invention; 

1 O FIG. 16 includes an enlarged illustration of a top view of a 

semiconductor device substrate with vias located in wide trenches, wherein 

various process-assist features are sized and placed near the vias in 

accordance with the process of FIG. 15; 

FIG. 17 includes an illustration of a top view of process-assist features 

15 and a plurality of wiring structures in an exemplary layout according to 

embodiments of the present invention; and 

FIGs. 18 and 19 include illustrations of cross-sectional views of a 

semiconductor device substrate, showing an effect of adding a process assist 

feature during an insulating layer flowing operation. 

20 Skilled artisans appreciate that elements in the figures are illustrated 

25 

for simplicity and clarity and have not necessarily been drawn to scale. For 

example, the dimensions of some of the elements in the figures may be 

exaggerated relative to other elements to help improve the understanding of 

the embodiments of the present invention. 
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Detailed Description 

At least one process-assist feature at or near a via location of a wiring 

structure within a semiconductor device is used to improve processing or 

processing margin during subsequent processing. For at least some of the 

5 embodiments of the present invention, the process-assist features help to 

make a flowable layer more uniform over via locations. Typically, this can 

help in the formation of via openings. When a resist layer is formed over the 

process-assist features, the resist will have a more uniform thickness over 

most via locations within the device. When an insulating layer is formed over 

10 the via locations, the insulating layer will have a more uniform thickness over 

most via locations within the device. More control during resist exposure or 

via opening etching allows more process margin. The embodiments 

described herein illustrate the flexibility in placing process-assist features. 

The present invention is defined by the claims and is better understood after 

15 reading the description that follows. 

As used herein unless otherwise stated, the terms "dense" and 

"density" refer to the feature (e.g., wiring structures, plugs, gate electrodes, 

and other active and passive elements) density of a specific area of a 

semiconductor device or workpiece. For example, a more dense area of a 

20 semiconductor device will have more area occupied by feature(s) located in 

the particular area (such as, for example, wiring structures, vias, and so forth) 

than a less dense area of the device (such as, for example, a trench around 

which there are no wiring structures or vias). 

A dual-inlaid wiring structure is formed as illustrated in FIGs. 2-7. In 

25 this particular embodiment, a trench first, via last dual-inlaid process will be 

used to form the wiring structure. As used in this specification, a wiring 

structure, which is a conductor, includes an interconnect portion and a via 

portion. The interconnect portion routes a potential or a signal laterally within 

the semiconductor device, and the via portion routes a potential or a signal 

30 vertically within the semiconductor device. As used herein, a via location is 

the representation from a top view of where the via portion of the wiring 

structure lies or will be subsequently formed. Therefore, when referring to a 
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top view of the substrate, via location and via portion can be used 

interchangeably. 

FIG. 2 includes an illustration of a portion of semiconductor device 

workpiece 220, which can include a monocrystalline semiconductor substrate, 

5 a semiconductor-on-insulator substrate, or any other substrate used for 

forming semiconductor devices. Field isolation regions 222 and doped 

regions 230 are formed within or from portions of the workpiece 220. The 

doped regions are source, drain, or source/drain regions (current carrying 

electrodes). A gate dielectric layer 224 and a gate electrode (control 

10 electrode) 226 overlie portions of the doped regions 230 and a portion of the 

workpiece 220 lying between the doped regions 230. Sidewall spacers 228 

are formed along sides of the gate dielectric layer 224 and gate electrode 226. 

A first interlevel dielectric (ILD) layer 232 is formed over the workpiece 

220 and gate structure for the transistor illustrated. The first ILD layer is 

15 patterned to form an opening 234 that includes a conductive plug 236. A 

second insulating layer 240 is formed and patterned to include interconnect 

trenches 242. A conductive layer is deposited over the insulating layer 240 

and within the trenches 242. A planarization act, such as chemical­

mechanical polishing, is performed to remove portions of the conductive layer 

20 lying outside the trenches 242 to form the interconnects 244 and 246 as 

shown in FIG. 2. The interconnects 244 and 246 make electrical connections 

to other portions (not shown) of the semiconductor device. An etch-stop or 

capping layer 248 is formed over the interconnects 244 and 246. A second 

ILD layer 202 is formed over the etch-stop layer 248. 

25 The first ILD layer 232, insulating layer 240, and second ILD layer 202 

typically include at least one film of an oxide, nitride, oxynitride, or low-k 

material, which has a dielectric constant no greater than approximately 3.8. 

The etch-stop or capping layer 248 typically includes a material different from 

second ILD layer 202 to allow endpoint detection or a copper diffusion block 

30 of a process used when etching through second ILD layer 202. The 

conductive plug 236 and interconnects 244 and 246 include mostly doped 

silicon, tungsten, aluminum, copper, or the like. As used herein, mostly 
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means at least half. Therefore, at least half of the conductive plug 236, and 

interconnects 244 and 246 are one of the materials previously listed. 

Typically, conductive plug 236 and interconnects 244 and 246 include an 

adhesion or barrier film. Layer 248 can be a capping layer to reduce the 

5 likelihood that copper within interconnects 244 and 246 will migrate into the 

workpiece 220. The process to form the semiconductor device to this point in 

the process is conventional. 

The second I LD layer 202 is patterned in conventional manner and 

includes trenches 203 and 205 as shown in FIG. 3. The trenches 203 and 

1 O 205 correspond to regions where interconnect portions of wiring structures will 

be formed. The length of the trenches 203 and 205 extend into or out of FIG. 

3 as illustrated. Trench 203 has the minimum width and trench 205 has the 

maximum width of all trenches formed at the same level with trenches 203 

and 205. In a non-limiting example, trench 203 has a width of approximately 

15 0.8 microns, and trench 205 has a width of at least 5.0 microns. Clearly, the 

width of the trenches 203 and 205 can be wider or narrower. For example, 

the width of trench 203 can be narrower than approximately 0.3 microns, and 

the width of the trench 205 can be wider than approximately 11.0 microns. 

Trenches 203 and 205 are similar to the trenches 103 and 105 as 

20 discussed with respect to FIG. 1. However, unlike the prior art, a process­

assist feature 210 has been added to the layout. The presence of the 

process-assist feature 210 does not significantly affect the processing 

(printing and etching processes) used to form trenches 203 and 205. In this 

specific embodiment, the process-assist feature 210 includes a trench near an 

25 end of trench 203 and laterally surrounds trench 203 along three of its sides. 

More details on the shape and dimensions of the process-assist feature will 

be discussed later. 

An optional adhesion layer (not shown in detail) and a lithographic 

resist layer 204, which is typically coated as a flowable film, are formed atop 

30 the insulating layer 202 and within trenches 203 and 205 and process-assist 

feature 210 as shown in FlG. 4. The process-assist feature 21 O helps to 

reduce the thickness of the resist layer 204 within and near the trench 203, an 
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end of which corresponds to via location 84. Phantom line 212 illustrates the 

resist layer 204 if the process-assist feature 21 O was not present, as has been 

the case in the prior art illustrated in FIG. 1. 

The resist layer 204 is patterned using a mask 50 that includes a 

5 transparent substrate 52, such as quartz or the like as shown in FIG. 5. In one 

embodiment, the elements 54 are molybdenum silicide. Elements 54 are 

attenuators that allow approximately 5-10 percent of the radiation intensity to 

reach the resist layer 204. The mask has phase shifting regions 56 that 

corresponds to locations under which at least some destructive interference 

10 occurs because at least some radiation passes through the elements 54. 

Radiation 58 is used to expose selectively the resist layer 204. Under typical 

conditions, no significant radiation passes through the elements 54 and near 

the phase shifting regions 56. At other areas further from the phase shifting 

regions 56, radiation 59 passes and exposes regions 51 within the underlying 

15 resist layer 204. The exposed regions 51 correspond to via locations, under 

which via portions of the wiring structures will subsequently be formed. In this 

embodiment, positive-acting resist is used. In another embodiment, negative­

acting resist can be used, and the mask 50 will need to have the pattern 

adjusted for the negative-acting resist. The principles for using positive-acting 

20 and negative-acting resist and mask adjustments for them are known to 

skilled artisans. 

Because the resist layer 204 has a more uniform thickness within 

trenches 203 and 205, the amount of radiation needed to expose the resist 

layer 204 within the trenches 203 and 205 is closer the same amount. The 

25 more uniform thickness increases processing margin in that the minimum 

radiation needed to expose the resist layer 204 within trench 203 is lower than 

it would be for trench 103 in FIG. 1. The likelihood of side lobing, which may 

occur with higher radiation levels when using a phase-shifting mask, is 

significantly reduced. The resist layer 204 is developed after exposure to 

30 remove the exposed portions 51 of the resist layer 204. The more uniform 

thickness of the resist layer 204 makes the aspect ratio of the resist openings 

more uniform across the workpiece. Therefore, the severity of etch lag and 
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other etch-related problems is significantly reduced compared to the prior art 

as illustrated in FIG. 1. Also, variation of dimensions for the openings is 

reduced. 

The second ILD layer 202 and layer 248 are sequentially etched to 

5 define openings 62 as shown in FIG. 6. Portions of interconnects 244 and 

246 are exposed along the bottom of the openings 62. The dashes lines 

illustrate the level of the bottom of trenches 203 and 205, which correspond to 

the border between the interconnect and via portions of the subsequently 

formed wiring structures. The resist layer 204 is then removed. 

10 At least one conductive film is formed over the insulating layer 202 and 

completely fills the openings 62, trenches 203 and 205, and process-assist 

feature 210. A planarization act, such as chemical-mechanical polishing, is 

performed to remove portions of the conductive film(s) lying outside the 

openings 62, trenches 203 and 205, and process assist feature 210 as shown 

15 in FIG. 7. Electrically floating conductor 70 is formed within process-assist 

feature (trench) 210. Wiring structures 75 and 77 are formed within trenches 

203 and 205 and openings 62. Each of the wiring structures 75 and 77 is a 

dual-inlaid, conductive structure and includes an interconnect portion 72 and a 

via portion 74. The dashed lines in wiring structures 75 and 77 illustrate the 

20 dividing line between the interconnect portions 72 and the via portions 7 4. A 

passivation layer 79 is formed over the insulating layer 202 and wiring 

structures 75 and 77 to form a substantially completed semiconductor device. 

Although not shown, other electronic components are formed, and 

electrical connections are made to them, such as the gate electrode 226 and 

25 other doped region 230. If needed, other ILD layers and levels of wiring 

structures can be added. Those other ILD layers and levels of wiring 

structures are formed using processes similar to those described for the 

second ILD layer 202 and wiring structures 75 and 77. 

FIG. 8 includes a top view of the wiring structure 75 and the electrically 

30 floating conductor 70, which is a collar-shaped feature that laterally surrounds 

the via portion 74 (shown by the boxed "X" within the wiring structure 75) 

along three of its sides. The interconnect portion 7 4 is formed within 
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interconnect trench 203, and the via portion 74 is formed within the opening 

62 that were previously described. The interconnect portion 72 has a 

thickness (extending into the page of FIG. 8) and a minimum width 86, as 

seen in the top view. The thickness corresponds to the depth of the trench 

5 203. In one particular embodiment, the thickness is approximately 0.6 micron 

and the minimum width 86 is approximately 0.8 micron. Clearly, other 

thicknesses and minimum widths are possible. 

An external length and width of the collar-shaped feature 70 can each 

be such that an outer boundary of the collar-shaped feature 70 lies a distance 

10 from the via portion 7 4, wherein the distance is no greater than approximately 

100 microns or approximately 150 times the thickness or the minimum width 

82 of the interconnect portion 72 near the collar-shaped feature 70. Many 

other dimensions may be used for the distance including approximately 50, 

20, or 9 microns, or alternatively, approximately 50 times, 30 times, or 15 

15 times the thickness or the minimum width 86 of the interconnect portion 72 

near the collar-shaped feature 70. The external, lateral dimensions of the 

collar-shaped feature 70 are typically no smaller than approximately 3 

microns. 

Internal dimensions of the collar-shaped feature 70 adjacent the via 

20 portion 7 4 are such that the collar-shaped feature 70 is spaced apart from the 

wiring structure 75 by a distance no greater than approximately 1 O microns or 

approximately 15 times the thickness or the minimum width 86 of the 

interconnect portion 72 near the collar-shaped feature 70. Similar to the 

external dimensions, many other values may be used for the internal 

25 dimensions including approximately 5 or 2 microns, or alternatively, 

approximately 9 times, 4 times, 2 times or 1.5 times the thickness or the 

minimum width 86 of the interconnect portion 72 near the collar-shaped 

feature 70. 

In this particular embodiment, the collar-shaped feature 70 is an 

30 example of a single process-assist feature. At least one side of the collar­

shaped feature 70 has a side dimension, as seen by a top view, that is 

typically at least approximately 3 microns but no greater than approximately 
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100 microns. Similar to the other aspects of the process-assist feature, other 

dimensions may be used. For example, in other designs, the side dimension 

can be in a range of approximately 6-30 microns. In one specific 

embodiment, the side dimension is 20 microns. 

5 Attention is now directed to the thickness of resist layer 204 (FIG. 4) 

with respect to locations of the collar-shaped feature 70 as illustrated in FIG. 

8. To aid in understanding the relationship between FIGs. 4 and 8, the collar­

shaped feature 70 corresponds to trench 210, and the interconnect portion 72 

corresponds to trench 203. The resist layer 204 has a first thickness at 

10 location 84, which is outside and immediately adjacent to trench 203 at a via 

location (via portion 74) and has a second thickness at location 82. Location 

82 is outside and adjacent trench 203 and at least approximately 50 microns 

from the nearest via location (including via location corresponding to via 

portion 74) or another interconnect. The first thickness is typically no greater 

15 than approximately 95 percent of the second thickness and often is no greater 

than approximately 92 percent of the second thickness. In still other 

embodiments, the first thickness may be no greater that approximately 89 

percent, or even approximately 85 percent, of the second thickness. The 

distance between the measuring points can be much larger (e.g., 

20 approximately 90 microns apart). 

With respect to the second thickness, as the distance from the nearest 

via location or another interconnect increases beyond approximately 50 

microns, for example, approximately 90 microns, the difference between the 

first and second thicknesses should not significantly change. Process-assist 

25 features are most needed for isolated vias (no more than a few vias 

approximately 50 microns from other vias and interconnects), and are least 

needed for multiple vias for buses or power supply wirings. 

Alternative embodiments can be used. Referring to FIG. 9, a wiring 

structure 700 includes an interconnect portion 702 and a via portion 704 

30 similar to the wiring structure 75 previously described. An arc-shaped 

process-assist feature 706 is used instead of the rectilinear process-assist 

feature 210 as seen in FIG. 8. The arc-shaped process-assist feature 706 
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has a center point located within the via portion 704 (as seen by a top view) 

and laterally surrounds at the via portion 704 along three sides. Most of, if not 

all, the dimensions previously described with respect to process-assist feature 

210 also apply to the process-assist feature 706. 

5 Referring to FIG. 10, a process-assist feature 806 is a collar-shaped 

structure that is an extension of an adjacent wiring structure 808 near a wiring 

structure 800. The wiring structure 800 includes an interconnect portion 802 

and a via portion 804. The collar-shaped structure 806 surrounds three sides 

of the via portion 804. The adjacent wiring feature 808 is, for example, 

10 grounded, at another power supply potential, or electrically connected to 

active circuitry. The border of the process-assist feature 806 is illustrated by 

the dashed line shown in FIG. 10. In effect, the process-assist feature 806 

includes a lateral extension from the interconnect portion of the wiring 

structure 808. There are no contacts or other conductive or intentional 

15 electrical purposes for the process-assist feature 806. Dimensions of the 

collar-shaped structure 806 are substantially the same as those of other 

embodiments of process-assist features, except that the collar-shaped 

structure 806 can vary somewhat in at least one outer boundary dimension to 

the extent necessary for the collar-shaped structure to be formed as an 

20 extension of the adjacent wiring structure 808. 

Referring to FIG. 11, process-assist features 506 are dual structures 

disposed on each of two opposite sides of a wiring structure 500 near a via 

portion 504 of the wiring structure 500. The via portion 504 is located at an 

intermediate location of the interconnect portion 502, rather than at a distal 

25 end as described in the previous figures. The dual structures 506 are located 

on each side of the wiring structure 500 and have dimensions (outer 

dimension and spacing from the via portion 504) similar to embodiments 

previously described. Alternatively, the dual structures 506 can be an 

extension of the wiring structure 500 (similar to that described with respect to 

30 FIG. 12 below) or a part of adjacent wiring features (not shown) as an 

extension. If another wiring structure (not shown) would lie near the a side of 

wiring structure 500, the structure 506 lying along that side may not be 
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needed or may be placed along that other wiring structure such that the 

sequence of items would be a first process-assist feature 506, wiring structure 

500, other wiring structure, and a second process-assist feature 506. 

Referring to FIG. 12, an alternative process-assist feature 400 is part of 

5 an enlarged pad feature 406. The enlarged pad feature 406 is an extension 

of a wiring structure 400 at a via location 404. The wiring structure 400 has 

an interconnect portion 402 and a via portion 404. The enlarged pad feature 

406 has external dimensions extending from the via location 410. The outer 

dimensions can be the same as those described with respect to FIG. 8. The 

10 enlarged pad 406 is similar to the collar-shaped feature 70 in FIG. 8 except 

that it is not spaced apart from the wiring structure 400. Dashed line 408 

corresponds to the shape of the interconnect portion 402 extended to the via 

location 410. The enlarged pad feature 406 is formed of the same material as 

the wiring structure 400, such as mostly aluminum, copper or other metal, or 

15 of some other conductive material. The enlarged pad feature 406 is located 

within the same layer and at the same level of the semiconductor device as 

the interconnect portion 402. 

Referring to FIG. 13, a wiring structure 612 is spaced apart from 

another wiring structure 614 by a distance 616. The distance is typically at 

20 least approximately 1 O microns. In other embodiments, the distance may be 

approximately 20, 30, 50, or 100 microns or even more. 

Wiring structure 612 includes an interconnect portion 606 and a via 

portion 605. As seen from the top view in FIG. 13, the via portion 605 has a 

lateral width and a lateral length and occupies a lateral area. In this 

25 embodiment, the lateral width is minimum lateral dimension of the lateral 

width and length for via portion 605. The lateral length divided by the lateral 

width is at least approximately two, and the value of the lateral area is at least 

approximately five times the value of the minimum lateral dimension. In one 

particular embodiment, the lateral width is approximately 0.8 micron, and the 

30 lateral length is approximately 4.0 microns. In this embodiment, a process­

assist feature is not required to be placed near via portion 605, and therefore 

no process-assist feature lies within approximately 10 microns of the via 
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portion 605. In other embodiments, the process-assist feature may lie 20, 30, 

50, or 100 microns or even more from the nearest process assist feature. 

Wiring structure 614 includes an interconnect portion 602 and via 

portions 603. Each of the via portions has a lateral width and a lateral length 

5 and occupies a lateral area. In this embodiment, the lateral width and the 

lateral length are approximately the same (e.g., 0.6 micron), and therefore, 

each is an example of the minimum lateral dimension for the via portions 603. 

For each of via portions 603, the lateral length divided by the lateral width is 

no greater than approximately five, and the value of the lateral area is no 

10 greater than approximately ten times the value of the lateral minimum 

dimension. With these dimensions, at least one process feature may be used 

near a via location. Process-assist features 608, which are parts of the wiring 

structure 614, lie within 10 microns of their nearest via portions 603. Clearly, 

in other embodiments, the distances between the process-assist features and 

15 the via portions can be the distances recited with respect to the spacing 

dimensions between the collar-shaped process-assist feature 70 and the 

interconnect portion 7 4 as discussed with respect to FIG. 8. In FIG. 13, the 

dashed lines in wiring structure 61'4 illustrates the borders between the 

process assist features 608 and the interconnect portion 602. The process-

20 assist features 608 can have relatively unusual shapes and still serve their 

purpose. Also, similar to process-assist feature 806, process-assist features 

608 serve no intentional electrical purpose; their presence in this particular 

embodiment is to reduce the resist thickness near the via locations where the 

via portions 603 will be formed. 

25 Application of the use of the process-assist features becomes even 

more apparent with the layout shown in FIG. 14. A semiconductor device 

substrate 900 includes wiring structures 908 and 910. Wiring structure 910 

includes at least one wide wiring structure, many narrow, closely spaced 

wiring structures, or a combination of these. Wiring structure 910 has an 

30 interconnect width that is at least approximately four times the minimum 

interconnect width for all other wirings formed at the same level. Although not 

shown, the wiring structures 910 include many via portions. When viewing an 
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area bounded by all points lying within approximately 20 microns of any one 

of the via portions of wiring structures, no process-assist feature is needed if 

the feature density {at the interconnect portion level) is at least approximately 

10 percent Because of each of the feature density and the interconnect width 

5 of the wiring structures 910, process-assist features are not typically used for 

via portions of wiring structures 910. If any would be used, they may lie near 

outside corners of the wiring structures 910, although none are illustrated in 

FJG.14. 

Isolated wiring structure 908 includes an interconnect portion 902 and 

10 via portions 904. Using the same size of area examined for feature density of 

wiring structures 910, the feature density isolated wiring structure, without a 

process-assist feature, is no greater than approximately 50 percent at the 

interconnect level. The interconnect width of the wiring structure 908 is no 

greater than approximately 20 times the minimum interconnect width for all 

15 other wirings formed at the same level. Because of each of the interconnect 

width and the feature density, process-assist features 906 are added to the 

layout at the interconnect portion level near the via portions 904, and each of 

the process-assist features 906 has dimensions as previously discussed. 

Note that the process assist features 906 are added only near the via 

20 locations and not along the entire length of the interconnect portion 902. 

Although not labeled, the other solid, dark, vertical lines represent other 

isolated wiring structures having interconnect portions, via portions, and 

process-assist features similar to wiring structure 908. 

The process-assist features 906 in the isolated areas of the substrate 

25 900 affect thickness of a resist (not shown in detail) when flowed over the 

substrate 900 in a trench of the substrate 900 in the vicinity of via portions 

904. It is to be understood that the term "flowing," for purposes of the 

description here of manufacturing practices, includes all steps for placing 

material on the substrate 900, including without limitation coating, re-flowing, 

30 spin-on, or others. Furthermore, although the description here primarily 

addresses resist thickness and resist flowing, the same concepts of use of 

process-assist features to affect thicknesses can be employed in other 
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contexts, for example, in increasing thickness uniformity of interlevel 

dielectrics (ILD) and other materials. 

FIG. 15 includes a process flow for performing sizing at selected via 

locations. As discussed in relation to FIG. 14 above, many via locations do 

5 not need to be sized because they are part of buses or a high concentration of 

narrower wiring structures. At least half of the via locations do not need any 

of the process-assist features. In many embodiments, approximately 90-95 

percent of all via locations do not need the process-assist features. 

Therefore, the method illustrated in FIG. 15 is typically used only for the most 

10 isolated of the via locations (approximately 5-10 percent of all via locations). 

Referring to FIG. 15, a method 1000 is employed to locate, space, and 

size process-assist features at or near locations of relatively isolated via 

locations of wiring structures. The process-assist features can be formed as 

the shapes previously described or others as applicable. Additionally, the 

15 process-assist features can include tiles, or a combination of tiles and the 

other process-assist features. In this embodiment, both tiles and other 

shapes of process-assist features are used. The method 1000 commences 

with identification of each via location at which one or more process-assist 

features are warranted or desired. For each such via location, the method 

20 1000 is performed. The method 1000 is performed, for example, in making a 

database for a masking level, which masking level is intended to allow 

formation of one or more process-assist features. 

In the method 1000, a block 1002 includes a sizing up of the 

dimensions of a via portion at a selected via location, in order to derive 

25 maximum lateral dimensions for one or more process-assist features at or 

near the via location. This sizing up block 1002 can size up the via portion 

according to the external dimensions for the process-assist feature previously 

stated, for example, on the order of no less than approximately 3 microns and 

no more than approximately 100 microns or approximately 150 times the 

30 thickness or the minimum width of an interconnect portion associated with the 

via portion. 
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In a block 1004, the interconnect portion associated with the via portion 

is sized up according to the internal dimensions for the process-assist feature 

previously stated, for example, so that the sized up interconnect portion 

dimensions match internal dimensions of the process-assist feature on the 

5 order of extending the dimensions of the conductor no more than 

approximately 10 microns on each side or no more than approximately 4 

times the thickness or the minimum width of the interconnect portion near the 

via portion or 4 times a minimum lateral dimension of the via location. Of 

course, the particular sizing up in the block 1004 will depend upon design 

1 O rules, tolerances and desired effects of the process-assist feature. The block 

1004 must be conformed, as necessary, to provide desired determinations for 

the process-assist feature. Typically, the sizing up in block 1004 is to a much 

smaller extent than in block 1002. 

In a block 1006, the sized up interconnect portion from the block 1004 

15 is subtracted in order that placement of features will not be made in the area 

of the sized up interconnect portion. This operation corresponds to making 

the space between a process-assist feature and the interconnect portion. 

Blocks 1004 and 1006 are optional if the process-assist feature is not spaced 

apart from the interconnect portion (e.g., wiring structure 400 in FIG. 12). 

20 A tile area is then sized up in a block 1008. As previously mentioned, 

dummy structures, such as tiles, are process-assist features. Similar to the 

other process-assist features previously described, the tiles will be formed at 

the same level and using the same materials as the interconnect portions of 

the wiring structures. The tile area is, therefore, often a desired feature for the 

25 device and will be included in the database and the desired masking level, 

which can, for example, be the same database and level involved in forming 

the process-assist feature. Unlike prior art tiling schemes, tiling is performed 

only where needed, and typically, this is near isolated vias. Therefore, only 

selective tiling is performed. The size up block 1008 for the tile area is 

30 governed by design rules and specifications for the product semiconductor 

device, and will be known and understood by those skilled in the art. 
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The second sized up interconnect portion from the block 1004 is next 

subtracted in a block 1010 from the sized up tile area of the block 1008. In a 

next block 1012, the sized up via portion from the block 1002, which is the 

dimensions for the process-assist feature, is subtracted from the sized up tile 

5 area of the block 1008. 

Finally, in a block 1014, the particular result for the process-assist 

feature, the interconnect portion, and the process-assist features including the 

tile area are integrated with all results obtained for masking layer features at 

the same masking level in an OR logical block 1014. The method 1000, 

10 including the logical block 1014, is repeated for all via locations in isolated and 

some semi-isolated areas of the device, in order to obtain the database for the 

masking level. 

Referring to FIG. 16, an exemplary process-assist feature design, from 

a database and a masking level from the method 1000, is included in a 

15 semiconductor device substrate 1100. The process-assist features include a 

process-assist feature 1106 and tiles 1108. An isolated via portion 1104 and 

an interconnect portion 1102 are part of a wiring structure 1105. The via 

portion 1104 is laterally surrounded by a collar-shaped proce~s-assist feature 

1106, according to the dimension and location criteria described herein. Tiles 

20 1108 lie within a tile area that is located adjacent to the process-assist feature 

1106. In the example, the interconnect portion 1102 is distinct and spaced 

apart from the process-assist feature 1106, and the process-assist feature 

1106 is distinct and spaced apart from the tiles 1108 of the tile area. Although 

not shown in FIG. 16 (due to the scale of the illustration), the process assist-

25 feature 1106 is spaced apart from the wiring structure 1105. The database for 

the masking level to form these structures with these distinctions is created 

pursuant to the method 1000 (shown in FIG. 15). 

The tile area on a right side in FIG. 16 of the process-assist feature 

1106 includes fewer tiles 1108 than on other sides of the process-assist 

30 feature 1106. This is the case because of a conductor 111 O in a vicinity close 

to the process-assist feature 1104, which overlaps with an oversized area for 

the tile area. Pursuant to the logical block 1014 of the method 1000, 
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overlapping sized-up features are integrated through the OR operation 

according to design rules and desired results for the masking level. The 

results of the OR operation are included for the database for the masking 

level. 

5 As shown in FIG. 16, the placement of process-assist features, 

including feature 1106 and tiles 1108, is flexible. The features do not need to 

be symmetrically placed around a via location. Also, other wiring structures 

can bisect tiling patterns for adjacent wiring structures. Note that the process­

assist features are typically placed near via locations, but are not needed 

10 along the entire wiring structure. A signal line (not shown) may underlie or 

overlie the wiring structure 1105 near the top of FIG. 16. Because there are 

no process-assist features at that location, there is less capacitive coupling to 

the signal line compared to a device that would have process-assist features 

along the entire length of the wiring structure. Less capacitive coupling to 

15 signal lines generally make the device operate faster. 

Referring to FIG. 17, another exemplary process-assist feature 1206 is 

shown in relation to other features of a semiconductor device substrate 1200. 

In the example, a plurality of wiring structures 1205 include interconnect 

portions 1202 and terminate in a plurality of via portions 1204. Because of the 

20 close proximity of the wiring structures 1205, the single, unitary process-assist 

feature 1206 is located adjacent only to sides of the wiring structures 1205 

near the via portions 1204 that are not adjacent other wiring structures 1205 

or other features (not shown). A plurality of tiles 1208 within a tile area are 

located adjacent to the process-assist feature 1206 and the wiring structures 

25 1205. 

This example in FIG. 17 illustrates the integration and possible layout 

design for multiple features on the substrate 1200. Particularly, the method 

1000 (shown in FIG. 10) allows for the integration and building of the 

database for the masking layer to form the multiple features. Of course, 

30 numerous other layouts, with a wide variety of possible features, including, for 

example, process-assist features, conductors, vias, tiles, and others, are 
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possible following the acts of the method 1000 and the practices described 

herein. 

In still other embodiments, the process-assist features near other 

isolated features may allow more processing margin. In this embodiment, an 

5 insulating layer is formed at least in part by performing a flowing act while 

previously formed conductors underlie the insulating layer. FIG. 18 includes a 

semiconductor device substrate 190 with a field isolation region 192 overlying 

the semiconductor device substrate 190. An isolated conductor 194 is formed 

at the same time and with the same materials as word lines 196, which are 

10 also conductors. Portions of the isolated conductor 194 and the word lines 

196 include gate electrodes for transistors that are not shown in FIG. 18. The 

isolated conductors 194 and word lines 196 typically include silicon, a 

refractory metal, a refractory metal nitride, or a combination of any one or 

more of those materials. 

15 An oxide layer 197 is formed over the field isolation region 192, the 

isolated conductor 194, and word lines 196. The oxide layer 197 is formed at 

feast in part using a flowing act including a coating operation (spin-on) or a 

deposition and flowing (reflow) operation. Because no process-assist 

features or other features at the same level are present near the isolated 

20 conductor 194, the oxide layer 197 has a thickness 198 over the isolated 

conductor. The area at the word lines 196 have a higher feature density 

compared to the area at and near the isolated conductor 194. The oxide layer 

197 has a thickness 199 that is significantly thicker than thickness 198. 

Subsequent formation of vias to the isolated conductor 194 and the word lines 

25 196 will be difficult because the oxide will be removed quicker over the 

isolated conductor 194 compared to the word lines. This differential may 

cause the overetch damage to the isolated conductor 194 or electrical opens 

at the word lines 196 (due to the thicker oxide). 

In FIG. 19, addition of process-assist feature 200 near isolated 

30 conductor 194 helps to reduce the thickness variation problem. Thickness 

202 is closer to the thickness 199. Therefore, etching vias to the isolated 
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conductor 194 and word lines 196 is more uniform between the two types of 

feature structures. 

In the foregoing specification, the invention has been described with 

reference to specific embodiments. However, one of ordinary skill in the art 

5 appreciates that various modifications and changes can be made without 

departing from the scope of the present invention as set forth in the claims 

below. Accordingly, the specification and figures are to be regarded in an 

illustrative rather than a restrictive sense, and all such modifications are 

intended to be included within the scope of present invention. 

10 Benefits, other advantages, and solutions to problems have been 

described above with regard to specific embodiments. However, the benefits, 

advantages, solutions to problems, and any element(s) that may cause any 

benefit, advantage, or solution to occur or become more pronounced are not 

to be construed as a critical, required, or essential feature or element of any 

15 or all the claims. As used herein, the terms "comprises," "comprising," or any 

other variation thereof, are intended to cover a non-exclusive inclusion, such 

that a process, method, article, or apparatus that comprises a list of elements 

does not include only those elements but may include other elements not 

expressly listed or inherent to such process, method, article, or apparatus. 
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1. A semiconductor device: 

5 a conductor having an interconnect portion and a via location, wherein 

the interconnect portion has a thickness and a minimum width; 

and 

a first set of at least one process-assist feature near the via location, 

wherein: 

10 an outer boundary of the first set lies a first distance from the via 

location, wherein the first distance is no greater than 

approximately: 

100 microns; or 

150 times the thickness or the minimum width. 

15 

2. The semiconductor device of claim 1, wherein the first distance is no 

greater than approximately 50 microns. 

3. The semiconductor device of claim 1, wherein the first distance is no 

20 greater than approximately 20 microns. 

4. The semiconductor device of claim 1, wherein the first distance is no 

greater than approximately 9 microns of the via location. 

25 5. The semiconductor device of claim 1, wherein the first set of at least one 

process-assist feature is spaced apart from the conductor by a second 

distance, wherein the second distance is no more than approximately: 

10 microns; or 

15 times the thickness or the minimum width. 

30 

6. The semiconductor device of claim 5, wherein the second distance is no 

greater than approximately 5 microns. 
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7. The semiconductor device of claim 5, wherein the second distance is no 

greater than approximately 2 microns. 

5 8. The semiconductor device of claim 5, wherein the second distance is no 

more than approximately 9 times the thickness or the minimum width. 

10 

9. The semiconductor device of claim 5, wherein the second distance is no 

more than approximately 4 times the thickness or the minimum width. 

10. The semiconductor device of claim 5, wherein the distance is no more 

than approximately 2 times the thickness or the minimum width. 

11. The semiconductor device of claim 1, wherein the at least one process-

15 assist feature includes a single process-assist feature, wherein: 

the single process-assist feature has a side dimension larger than 3 

microns and no greater than approximately 100 microns. 

12. A semiconductor device: 

20 a conductor having a via location; and 

25 

a single process-assist feature near the via location, wherein the single 

process-assist feature: 

has a side dimension at least approximately 3 microns and no 

greater than approximately 100 microns; and 

is spaced apart from the conductor by a distance, wherein the 

distance is no greater than approximately four times a 

minimum lateral dimension of the via location. 

13. The semiconductor device of claim 12. wherein the single process-assist 

30 feature lies along only one side of the via location. 
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14. The semiconductor device of claim 12, wherein the single process-assist 

feature lies along at least two different sides of the via location. 

15. The semiconductor device of claim 12, wherein the single process-assist 

5 feature lies along at least three different sides of the via location. 

16. The semiconductor device of claim 12, wherein the single process-assist 

feature lies along at least four different sides of the via location. 

10 17. The semiconductor device of claim 12, wherein the side dimension is no 

15 

greater than approximately 20 microns. 

18. The semiconductor device of claim 12, wherein the side dimension is no 

less than approximately 6 microns. 

. 
19. The semiconductor device of claim 12, wherein the distance is no greater 

than approximately two times a minimum lateral dimension of the via 

location. 

20 20. The semiconductor device of claim 12, wherein the distance is no greater 

than approximately 1.5 times a minimum lateral dimension of the via 

location. 

21. A semiconductor device: 

25 a first conductor has a first interconnect portion and a first via location, 

30 

wherein: 

the first interconnect portion has a first interconnect width near 

the first via location; 

the first via location has a first lateral length, a first lateral width, 

and a first lateral area, which is the product of the first 

lateral length and the first lateral width; 
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25 

a first feature density is measured at a same level as the first 

interconnect portion and includes a first area bounded by 

points lying approximately 20 microns away from the first 

via portion; and 

a first process-assist feature lies at a same level as the first 

conductor and lies within approximately ten microns of the 

first via location; and 

a second conductor has a second interconnect portion and a second 

via location, wherein: 

the second interconnect portion has a second interconnect width 

near the second via location; 

the second via location has a second lateral length, a second 

lateral width, and a second lateral area, which is the 

product of the second lateral length and the second lateral 

width; and 

a second feature density is measured at a same level as the 

second interconnect portion and includes a second area 

bounded by points lying approximately 20 microns away 

from the second via portion; and 

no process-assist feature lies at the same level as the second 

conductor and within approximately ten microns of the 

second via portion, 

wherein the semiconductor device has a characteristic selected from a 

group consisting of: 

the first lateral length divided by the first lateral width is no 

greater than approximately five, and the second lateral 

length divided by the second lateral width is at least 

approximately two; 

a value of the first lateral area is no greater than approximately 

ten times a value of a minimum lateral via dimension, and a 

value of the second lateral area is at least approximately 

five times the value of the minimum lateral via dimension; 
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the first interconnect width is no greater than approximately 

twenty times a minimum interconnect width, and the 

second interconnect width is at least approximately four 

times the minimum interconnect width; and 

a first feature density is no greater than approximately 50 

percent, and the second feature density is at least 

approximately 10 percent. 

22. The semiconductor device of claim 21, wherein the first lateral length 

10 divided by the first lateral width is no greater than approximately five, and 

the second lateral length divided by the second lateral width is at least 

approximately two. 

23. The semiconductor device of claim 21, wherein the first lateral area is no 

15 greater than approximately ten times a minimum lateral via dimension, 

and the second lateral area is at least approximately five times the 

minimum lateral via dimension. 

24. The semiconductor device of claim 21, wherein the first interconnect 

20 width is no greater than approximately twenty times a minimum 

interconnect width, and the second interconnect width is at least 

approximately four times the minimum interconnect width. 

25. The semiconductor device of claim 21, wherein a first feature density is 

25 no greater than approximately 50 percent, and the second feature 

density is at least approximately 1 O percent. 

30 

26. A process for forming a semiconductor device comprising: 

forming interconnect features over a substrate, wherein: 

the interconnect features include a first interconnect feature 

having a via location; and 
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the first interconnect feature near the via location is at least 50 

microns away from other interconnect features at a same 

level; and 

flowing a film over the substrate and interconnect features, wherein: 

the film has a first thickness over the first interconnect feature at 

the via location; 

the film has a second thickness over the first interconnect 

feature spaced-apart from the via location; and 

the first thickness is no greater than approximately 95 percent of 

the second thickness. 

The process of claim 26, wherein the interconnect feature includes an 

interconnect trench and the film includes a lithographic resist. 

The process of claim 26, wherein the interconnect feature includes a 

conductor formed before flowing the film and the film includes an 

insulating material. 

The process of claim 28, wherein at least a portion of the film 

permanently remains over the substrate after flowing the film. 

The process of claim 26, wherein measurement points for the first and 

second thicknesses are at least approximately 50 microns apart. 

The process of claim 26, wherein measurement points for the first and 

second thicknesses are at least approximately 90 microns apart. 

The process of claim 26, wherein the first thickness is no greater than 

approximately 92 percent of the second thickness. 

The process of claim 26, wherein the first thickness is no greater than 

approximately 89 percent of the second thickness. 
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34. The process of claim 26, wherein the first thickness is no greater than 

approximately 85 percent of the second thickness. 

5 35. A process for making a database for a masking level comprising: 

10 

15 

20 

identifying locations of a conductor having an interconnect portion and 

a via location, wherein the conductor includes an interconnect 

portion has a thickness and a minimum width; and 

inserting information into the database, wherein the information 

corresponds to a first set of at least one process-assist feature 

near the via location, wherein: 

an outer boundary of the first set lies a first distance from the via 

location, wherein the first distance is no greater than 

approximately: 

100 microns; or 

150 times the thickness or the minimum width. 

36. The semiconductor device of claim 35, wherein the first distance is no 

greater than approximately 50 microns. 

37. The semiconductor device of claim 35, wherein the first distance is no 

greater than approximately 20 microns. 

38. The semiconductor device of claim 35, wherein the first distance is no 

25 greater than approximately 9 microns of the via location. 

39. The semiconductor device of claim 35, wherein the first set of at least 

one process-assist feature is spaced apart from the conductor by a 

second distance, wherein the second distance is no more than 

30 approximately: 

10 microns; or 

15 times the thickness or the minimum width. 
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40. The semiconductor device of claim 39, wherein the second distance is 

no greater than approximately 5 microns. 

41. The semiconductor device of claim 39, wherein the second distance is 

no greater than approximately 2 microns. 

42. The semiconductor device of claim 39, wherein the second distance is 

no more than approximately 9 times the thickness or the minimum width. 

43. The semiconductor device of claim 39, wherein the second distance is 

no more than approximately 4 times the thickness or the minimum width. 

44. The semiconductor device of claim 39, wherein the distance is no more 

than approximately 2 times the thickness or the minimum width. 

45. The semiconductor device of claim 35, wherein the at least one process­

assist feature includes a single process-assist feature, wherein: 

the single process-assist feature has a side dimension larger than 3 

microns and no greater than approximately 100 microns. 


