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PITCH REDUCTION TECHNOLOGY 
USING ALTERNATING SPACER DEPOSITIONS 

DURING THE FORMATION OF A SEMICONDUCTOR DEVICE 
AND SYSTEMS INCLUDING SAME 

5 
Field of the Invention 

This invention relates to the field of semiconductor manufacture and, more 
particularly, to a method for forming features at a starting feature density 

10 with a lithography mask, and resulting in a final density which is n times of 
• the first density, where n is an integer greater than 1, through the use of 

various_conformal_Iayers_and_sele.ctive_etches. 

Background of the Invention 
15 

During the formation of a semiconductor device, many features such as 
word lines, digit lines, contacts, and other features are commonly formed 
over a semiconductor wafer. A goal of semiconductor device engineers is 
to form as many of these features in a given area as possible to increase 

20 yields, decrease manufacturing costs, and to miniaturize devices. The 
formation of these structures on a semiconductor wafer typically requires 
the use of lithography. Optical lithography, the lithographic method most 
used in leading-edge wafer processing, comprises projecting coherent light 
of a given wavelength, typically 248 nanometers (nm) or 193 nm, from an 

25 illumination source (illuminator) through a quartz photomask or reticle 
having a chrome pattern representative of features to be formed, and 
imaging that pattern onto a wafer coated with photoresist. The light 
chemically alters the photoresist and enables the exposed photoresist (if 
positive resist is used) or the unexposed photoresist (if negative resist is 

30 used) to be rinsed away using a developer. 
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With decreasing feature sizes, the limits of optical lithography are 
continually being tested. Improvements in feature density are made 
through process advances, enhanced lithographic methods referred to as 

. resolution enhancement techniques, and improved equipment and 

5 materials. 

One such process advance, depicted in FIGS. 1-6, uses a mask having 
repeating features of a given pitch (i.e. a given distance from the 
beginning of one repeating feature to the beginning of the next feature) 

.10 along with the formation of various layers and selective etches to double 
the density of the features formed from the lithography mask. FIG. 1 
depicts a semiconductor wafer substrate assembly 10 comprising a 
semiconductor wafer, a layer to be etched 12, for example a silicon nitride 
layer, a support layer 14, for example formed from carbon using chemical 

15 vapor deposition (CVD) or a spin-on technique, and a patterned masking 
layer 16, such as a photoresist layer formed using an optical lithographic 
process or a hard mask layer formed using optical lithography and an etch 
process. The patterned masking layer 16 may be formed at the feature 
size limits allowed by the lithographic process, and comprises three 

20 individual features (three periods/pitches) formed over a given distance 
18. 

After forming the structure of FIG. 1, an etch of the support layer 14 is 
performed using mask 16 as a pattern. This etch is typically an anisotropic 

25 dry etch which etches the support layer 14 selective to the layer to be 

etched 12 (i.e. which removes the support layer 14 with little or no 
etching of the layer to be etched 12). After etching the support layer 14, 

the patterned masking layer 16 is removed and a conformal hard mask 

layer 20, for example silicon dioxide, is formed to result in the structure of 
30 FIG. 2. 

Subsequently, a spacer etch of the FIG. 2 structure is performed to result 
in the structure of FIG. 3 having spacers 20' from the hard mask layer 



3 

along sidewatls of the support layer 14. Subsequent 
14 is etched to result in the structure of FIG. 4. 

Next, spacers 20' formed from the hard mask layer are used as a pattern 
5 to etch the layer to be etched 12, which results in the structure of FIG. 5. 

Finally, spacers 20' are etched selective to the layer to be etched 12 to 

result in the structure of FIG. 6. 

The process of FIGS. 1-6 has the advantage of using optical lithography to 
_10 form the masking layer 16 having three features in a given distance 18, 

while the completed structure depicted in FIG. 6 has six features 12 (six 
periods/pitches) In the original distance 18. Thus the number of features 
within the distance is approximately doubled without requiring an 
additional lithography mask. 

15 
Various techniques to increase feature density are described in 
US Pat. No. 5,328,810 by Tyler A. Lowrey, et al. and US Pat. No. 
5,254,218 by Ceredig Roberts et al., both of which are assigned to Micron 
Technology, Inc. and incorporated herein as if set forth in their entirety. 

20 
A method for forming a semiconductor device using an optical lithography 
mask with a first pitch and resulting in features having a second pitch 
equal to 1/n, where n is an integer greater than 1 and without limitation of 
feature size reduction or spacing to one-half of that attainable using 

25 lithography, would be desirable. 

Brief Description of the Drawings 

FIGS. 1-6 are cross sections depicting a conventional process for doubling 
30 the number of mask features, for example formed using photolithography; 

FIGS. 7-15 are cross sections of an in-process semiconductor device 

depicting an embodiment of the inventive method which Increases the 

number of features in a given area by four times; 

35 



4 

FIGS. 16-22 are cross sections depicting an embodiment of the inventive 
method which increases the number of features in a given area by six 
times; 

5 FIGS. 23-31 are cross sections depicting another embodiment and 
variations of the inventive method which increases the number of features 
in a given area by three times; 

FIGS. 32-38 are cross sections depicting another embodiment of the 
10 invention which increases the number of features in a given area by five 

times; 

FIG. 39 is an isometric depiction of various components which may be 
manufactured using devices formed with an embodiment of the present 

15 invention; and 

FIG. 40 is a block diagram of an exemplary use of the invention to form 
part of a memory device having a storage transistor array. 

20 It should be.emphasized that the drawings herein may not be to exact 
scale and are schematic representations. The drawings are not intended to 
portray the specific parameters, materials, particular uses, or the 
structural details of the invention, which may be determined by one of skill 
in the art by examination of the information herein. 

25 
Detailed Description of the Illustrated Embodiments 

The term "wafer" is to be understood as a semiconductor-based material 
including silicon, silicon-on-insuiator (SOI) or silicon-on-sapphire (SOS) 

30 technology, doped and undoped semiconductors, epitaxial layers of silicon 
supported by a base semiconductor foundation, and other semiconductor 
structures. Furthermore, when reference is made to a "wafer" in the 
following description, previous process steps may have been utilized to 
form regions or junctions in or over the base semiconductor structure or 

35 foundation. Additionally, when reference is made to a "substrate 
assembly" in the following description, the substrate assembly may 
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include a wafer with layers Including dielectrics and conductors, and 
features such as transistors, formed thereover, depending on the 
particular stage of processing. In addition, the semiconductor need not be 
silicon-based, but may be based on silicon-germanium, sllicon-on-

5 insulator, silicon-on-sapphire, germanium, or gallium arsenide, among 
others. Further, in the discussion and claims herein, the term "on" used 
with respect to two layers, one "on" the other, means at least some 
contact between the layers, while "over" means the layers are in close 
proximity, but possibly with one or more additional intervening layers such 

10 that contact is possible but not required. Neither "on" nor "over" implies 
arTyclirectidnalfty"as_used"herein~The"term "about" iridteatesthat the 
value listed may be somewhat altered, as long as the alteration does not 
result in nonconformance of the process or structure in question to-the 
present invention. A "spacer" indicates a layer, typically dielectric, formed 

15 as a conformal layer over uneven topography then anisotropically etched 
to remove horizontal portions of the layer and leave taller, vertical 
portions of the layer. 

Various embodiments of the present invention use alternating spacer 
20 deposition (ASD) for pitch reduction to achieve variable critical dimension 

(CD) reduction ratios. The pitch reduction process achieves a CD which is 
smaller than that defined by a previously formed photolithography mask. 
The various process embodiments described herein comprise the use of a 
first type of spacer material used as a sacrificial layer and removed with 

25 high selectivity to a second spacer material which is used to pattern an 
underlying layer. Depending upon the trim ratio, the number of spacer 
depositions, and the thickness of each deposition, a CD which is 1/n of the 
original value defined by prior photolithography may be achieved, where n 
is an odd or even integer greater than 1. In other words, the process 

30 multiplies the pattern density by n times. Particularly, by repeating the 
ASD process followed by a corresponding spacer etch m times, a CD may 
be achieved which is either l/2m or l/(2m-l) of the starting CD, 
depending upon which of two methodologies is performed. 
A first embodiment of an Inventive method for forming a semiconductor 

35 device is depicted in FIGS. 7-14. This process embodiment results in a CD 
which is reduced to l/2m of its original value. The value of m may be 
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determined by totaling the number of spacer layers formed during the 
ASD process. 

FIG. 7 depicts a sacrificial photolithographic pattern 70, for example 
5 comprising segmented sections of photoresist having cross sectional 

sidewalls, overlying a layer to be etched 72. The layer to be etched 72 
may be a semiconductor wafer, a semiconductor wafer substrate assembly 
comprising one or more layers overlying a semiconductor wafer or wafer 
section, or one or more other layers which are to be subjected to a 

10 patterning etch. In this embodiment, the photolithographic features 70 are 
formed at the lithographic limits, with the width of each feature 70 and the ' 
spacing 14 between the features 70 all being about equal. Layer 70 may 
comprise a patterned material other than photoresist. 

15 After forming the FIG. 7, structure a trim is performed on the photoresist 
using an isotropic etch to result in the structure of FIG. 8. When using • 
photoresist as layer 70, the trim may be performed by exposing mask 70 
to an oxygen-based plasma such as an O2/CI2 plasma or an 02/HBr 
plasma. In this embodiment, the trim of the photoresist layer 70 is 

20 targeted to narrow the width of each feature 70 by 0.25 (25%). That is, 
after trimming, the width of each feature is narrowed by about 25% from 
the width of the pretrimmed feature. In an alternative to performing a 
trim for this and other embodiments specifying a trim process, the 
photoresist features 70 may be instead printed directly according to the 

25 dimensions of FIG. 8 if the lithographic process is sufficiently relaxed to 
allow the patterning directly without a trim. The completed mask is 
targeted to have four times the density of the original pattern, with the 
original pattern being the untrimmed photoresist layer 70 at FIG. 7. As the 
target is to form a pattern density which is four times the original pattern 

30 (i.e. to have a pitch which is V'* of the original), the number of required 
spacer layers indicated by l/2m is 2. 
Next, a first spacer layer 90, such as silicon dioxide, is deposited over the 
surface of the FIG. 8 structure to result in the structure of FIG. 9. The 
thickness of first spacer layer 90 is targeted to be 0.25 times the width of 

35 original pattern 70 of FIG. 7. With FIG. 9, distance 92 is the same as the 
width of each trimmed photoresist feature 70. A spacer etch is performed 
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on first spacer layer 90 of FIG. 9 using conventional technology to result in 
the FIG. 10 structure having first spacers 90'. 

After the spacer etch of first spacer layer 90 to form spacers 90', the 
5 photoresist layer 70 is removed, for example using an ashing process 

followed by a wafer clean to result in the FIG. 11 structure. As this process 
removes very little or none of the first spacers 90', the spacing at 110 and 
at 92 does not change significantly. 

10 Next, a second spacer layer 120 is formed over the FIG. 11 structure to 
result"in_the_FIGrl2"structurerThe~material of second spacer Iayer l20 is 
selected such that first spacers 90' may be removed selective to layer 120 
(i.e. spacer layer 90' may be removed with little or no etching of layer 
l£0). In this embodiment, second spacer layer 120 comprises silicon 

15 nitride. This layer 120 is also targeted to a thickness equal to 0.25 times 
the thickness of the original untrimrned photoresist features. As spacing 
110 and 92 of FIG. 11 are about equal, spacing 122 and 124 of FIG. 12 
are also about equal. 

20 After .forming the FIG. 12 structure, an etch such as a spacer (anisotropic) 
etch is performed on the second spacer layer 120 to result in the structure 
of FIG. 13 having second spacers 120'. First spacers 90' are then removed 
selective to second spacers 120' to result in the FIG. 14 structure. Silicon 
dioxide may be removed selective to silicon nitride using a wet process 

25 such as buffered hydrofluoric acid (HF) or a dry etch process known in the 
art. In this embodiment, the pattern formed by remaining second spacers 
120' has a density which is four times that of the original layer 70 at 
FIG. 7 (i.e. the pitch is 0.25 times that of the pitch of the features of 
FIG. 7). The particular etch used to remove first spacers 90' selective to 

30 second spacers 120' depends on the material used for each layer, and 
may be any suitable etch known in the art. Finally, the layer to be etched 
72 is etched using the spacers 120' as a pattern to form features from the 
layer to be etched 72. Any etchant may be used which removes layer 72 
with reasonable selectivity to spacers 120' and results in a completed 

35 structure similar to that of FIG. 15. 
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For this embodiment, the sizes of various elements related to the pattern 
formed may be described in mathematical terms. Referring to FIG. 7, each 
sacrificial photoresist feature 70 is formed to an arbitrary width of 1, with 
the distance 14 between each feature 70 also being 1; thus, the pitch is 2. 

5 Each photoresist feature 70 is trimmed by X to result in the structure of 
FIG. 8. Thus each feature 70 has a width of 1-X, and the distance 14 
between each feature is Jt+X. In this embodiment, where each feature 70 
has a width of 1, X is equal to 0.25 (i.e. 25% of the width of feature 70). 
Next, the first spacer layer 90 is formed to have a thickness of "a," so that 

10 distance 92 equals l+X-2amt where m is the number of spacer layers 
formed thus far in the process (i.e. 1). In this embodiment, and in other 
embodiments which reduce the CD to l/2m of the starting CD, "a" (the 
thickness of first spacer layer 90) is targeted to be equal to X (the width 
trimmed from each feature 70). The etch of first spacer layer 90 to result 

15 in the FIG. 10 structure does not change the relationship between 
elements 70 or 90. The removal of photoresist features 70 to result in 
FIG. 11 forms opening 110 having a width of 1-X (.75), which was the 
post-trimmed width of photoresist feature 70, and a distance 92 of 
l+X-2am. (Since "a"equalsX and m equals ! at this point, l-X-l+X-2am 

20 so the two distances 110 and 92 are equal, not counting any 
process-induced variations.) At FIG. 12, the second spacer layer 120 is 

.formed to have a thickness of "a" (again, with this embodiment, "a" is 
equal to X). Thus distance 122 is equal to 1-X~2a(m-1) where m is the 
number of spacer layers formed thus far (i.e. 2). Next, the second spacer 

25 layer 120 is etched to result in the FIG. 13 structure, and the first spacer 
layer 90 is removed to result in the structure of FIG. 14. 

With the original (pretrimmed) width of photoresist 70 at FIG. 7 being 
equal to 1, the distance between each feature in FIG. 14 Is equal to 0.25. 

30 As described in the paragraph above, distance 122 is equal to 
l-X-2a(m-l) where, for this embodiment, X-a^0.2S and m=2 (the 

number of spacer layers). Thus it may be determined that distance 122 is 
equal to 1-0.25-2(2-1)0.25=0.25. Further, distance 124 is equal to 

i+X-2am, thus it may be determined that distance 124 is equal to 
35 l+0.25-2(.25)(2)=0.25. In general terms, "a", the first and second spacer 
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layer thickness, is equal to X (the amount of trim), and also equal to X/2m 

(the final CD, where m" equals the number of spacer layers). 

It is contemplated that the process described above may be modified for 

5 higher values of m in the expression l/2m, which willincrease the feature 
density by multiples of 2. A process where m=3 is depicted in FIGS. 7 and 
16-22, which decreases the feature pitch by 1/6 (i.e. the feature density is 
increased by six times). Again, for simplicity of explanation, the width of 
the photoresist is initially targeted to an arbitrary thickness of 1, with a 

10 distance between the photoresist of l. The photoresist features, therefore, 
have a pitch of 2, which is depicted in FIG. 7. After forming the FIG. 7 
structure, each photoresist feature 70 (s trimmed by 1/6 of Its width (i.e. 
X=l/6). Thus the distance between photoresist features 70 increases to 
7/6. 

15 

Next, a blanket first spacer layer 160, for example silicon nitride, is 
formed over the trimmed photoresist as depicted in FIG. 16. The thickness 
of the first spacer layer 160 is targeted to a thickness of 1/6. In FIG. 16, 
photoresist 70 has a width 162 of 5/6, and distance 164 is also equal to 

20 5/6. The first spacer layer 160 is spacer etched to result in the first 
spacers 160' as depicted in FIG. 17. The base width of each spacer 160' is 
targeted to remain at 1/6. Spacer layer 160 represents m=l, being the 
first spacer layer. 

25 After forming the FIG. 17 structure, the photoresist 70 Is removed and a 
blanket second spacer layer 180 is formed over the first spacers 160' as 

depicted in FIG. 18. Spacer layer 180 represents m=2, being the second 
spacer layer. The second spacer layer 180 is formed from a material which 
may be etched selective to first spacers 160', for example silicon dioxide. 

30 The second spacer layer 180 is targeted to a thickness of 1/6, thus 

distance 182 is equal to 3/6 (i.e. X/2). The FIG. 18 structure is subjected 
to a spacer etch of layer 180 to form second spacers 180' as depicted in 
FIG. 19, then a blanket third spacer layer 190 is formed as depicted. The 

third spacer layer 190 may be formed from the same material as the first 
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spacer layer, for example silicon nitride, and Is targeted for a thickness of 
1/6. Thus distance 192 is 1/6. Spacer layer 190 represents m=3, the final 

spacer layer in l/2m where m=3. 

5 A spacer etch of layer 190 is performed to result in the structure of 
FIG. 20 comprising spacers 160', 180', and 190', then the second spacers 

180' are etched and removed selective to the first spacers 160' and to the 
third spacers 190'. After the etch of the silicon dioxide second spacers 
180' selective to silicon nitride spacers 160' and 190', the structure of 

10 FIG. 21 remains. The spacers 160', 190' provide a mask having a density 
which is six times the density of the photoresist iayer 70 of FIG. 7. Finally, 
the layer to be etched 72 is etched using spacers 160', 190' as a mask to 

result in the structure of FIG. 22. 

15 This process may be modified from the description herein for any value of 
m. The practical limit to the maximum value of m depends on the 
processing technology and the starting dimensions of X (the width of the 
photoresist and the distance between the photoresist) at FIG. 7. 

20 For a total spacer deposition of m times, the spacers obtained from 
(m-1 )th, (m-3)th, (rn-5)th, etc. depositions are sacrificial and may be 
selectively removed. For the embodiment of FIGS. 16-22 where m=3, the 
m-1 spacers, i.e. the second spacers 180', are sacrificial and are removed. 
For this disclosure, the term "sacrificial" refers to spacers or other layers 

25 used in patterning (such as layer 70) which may be removed prior to 
patterning the layer to be etched. 

With the embodiment above providing a CD reduction of l/2m where m is 

the number of spacer layers formed, the decrease in pitch is a multiple of 
30 2 (i.e. 1/2, 1/4, 1/6, etc.). The embodiment described below provides a 

CD reduction of l/(2m-l) where 2, thus the reduction may be 1/3, 

1/5, 1/7, etc. of the original pattern. 
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In this embodiment, the structure of FIG. 7 is formed according to 
techniques known in the art, and comprises a layer to be etched 72 and a 
photolithographic pattern comprising photoresist 70 overlying the layer to 
be etched 72. The layer to be etched may be a semiconductor wafer, one 

5 or more layers overlying a semiconductor layer, or one or more other 
layers which are to be subjected to a patterning etch. In this embodiment, 
the photolithographic features 70 are formed at the lithographic limits, 
with the width of each feature 70 and the spacing 14 between the features 
70 all being about equal. Layer 70 may comprise a patterned material 

10 other than photoresist. 

After forming the FIG. 7 structure, a first spacer layer 230, such as silicon 
dioxide, is deposited over the surface of the FIG. 7 structure to result in 
the structure of FIG. 23. The thickness of first spacer layer 230 is targeted 

15 to be 1/3 times the width of photoresist 70. A spacer etch is performed on 
first spacer layer 230 of FIG. 23, then the photoresist layer 70 is removed, 
which results in the FIG. 24 structure having spacers 230'. As the spacer 
etch and photoresist etch removes very little or none of the vertical 
portions of the first spacer layer 230, the spacing at 232 and 240 does not 

20 change significantly. Spacing 240 equals the width of the photoresist layer 
70 depicted in FIG. 23. 

Next, a second spacer layer 250 is formed over the FIG. 24 structure to 
result in the FIG. 25 structure. The material of second spacer layer 250 is 

25 selected such that first spacers 230' may be removed selective to layer 
250. In this embodiment, second spacer layer 250 comprises silicon 
nitride. This layer 250 is also targeted to a thickness equal to 1/3 times 

the thickness of photoresist layer 70 depicted in FIG. 23. The process thus 
far results in spacing 232 being_about 1/3 the width of photoresist layer 

30 70 depicted in FIG. 23. Because layer 250 is formed to have a thickness 

(equal 1/3) which is more than Vi the distance of 232 (equal to 1/3), layer 
250 bridges across the openings at 232, but does not bridge across the 

openings at 240. 
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After forming the FIG. 25 structure, an etch such as a spacer etch is . 
performed on the second spacer layer 250 to result in the structure of 
FIG. 26 comprising spacers 230' and 250'. This etch exposes the layer to 
be etched 72, but only at locations 260 over which photoresist layer 70 

5 was originally formed. Further, locations 260 are each only about 1/3 the 

width of the photoresist layer 70 at FIG. 23. 

After forming the FIG. 26 structure, the first spacers 230' are etched 
selective to the second spacers 250' to result in the structure of FIG. 27. 

10 In this embodiment, the pattern formed by remaining second spacer iayer 
250 has a density which is three times that of layer 70 at FIG. 23 (i.e. the 
pitch is 1/3 times that of the pitch of features 70 at FIG. 23). The 
particular etch used to remove the first spacers 230' selective to the 
second spacers 250' depends on the material used for each layer, and 

15 may be any suitable etch known in the art. Finally, layer to be etched 72 is 
etched using any etchant which removes layer 72 (removal not depicted) 
with reasonable selectivity to spacers 250'. 

Instead of performing a spacer etch on the FIG. 25 structure to result in 
20 the FIG. 26 structure, a planarization process such as CMP process may 

be performed on the FIG. 25 structure to result in the structure of 
FIG. 28. Spacers 230' are then removed to leave the pattern of FIG. 29, 
then an etch back (spacer etch) of spacer layer 250 is performed to result 
in the FIG. 30 structure comprising spacers 250'. Finally, layer 72 is 

25 etched to result in the structure of FIG. 31. This CMP process may result 
in spacers 250' comprising a more uniform height than using a spacer 
etch, which may be advantageous to subsequent processing. As a spacer 

etch is performed on the FIG. 29 structure to clear the horizontal portions 
of layer 250 which connect adjacent spacers, all of features 250' depicted 

30 by FIG. 30 are spacers, and comprise planarized, coplanar tops. 

In an alternate embodiment to the previous paragraph, an etch back of 
layer 250 of FIG. 28 may be performed first, then spacers 230' may be 
removed. 
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The process of FIGS. 23-27 provides a CD reduction of l/(2m-l) where 

m=2 (comprising spacer layers 230 and 250); thus the pitch reduction is 

1/3 (three times the feature density). This process may be modified for 

5 any practical value of m, thus the reduction may be 1/3, 1/5, 1/7, etc. of 

the original pattern. A process is depicted below where m=3, thus the 

pitch will be 1/5 of the original mask (i.e. five times the feature density). 

Again, for simplicity of explanation, the width of the photoresist is initially 

targeted to an arbitrary thickness of 1, with a distance between the 

10 photoresist of 1. The photoresist features, therefore, have a pitch of 2, 

which is depicted in FIG. 7. As with the embodiment of FIGS. 23-27, the 

photoresist is not trimmed in this embodiment. 

For this embodiment, a blanket spacer layer, for example silicon nitride, Is 

15 formed over the FIG. 7 structure. The blanket spacer layer is targeted to 

have a thickness of 1/5 the width of each photoresist feature 70. A spacer 

etch Is performed on the first spacer layer to leave the structure of 

FIG. 32 having first spacers 320, photoresist 70, and the layer to be 

etched 72. At this point, m=l, with spacers 320 being formed from the 

20 first spacer layer. 

Photoresist layer 70 is removed and a second spacer layer 330 is formed 

over the first spacers 320 as depicted in FIG. 33. Layer 330 comprises a 

material which may be etched selective to the material of spacers 320, for 

25 example silicon dioxide. Layer 330 is targeted to a thickness of 1/5, thus 

the spacing at 332 is 3/5 and the spacing at 334 is 1/5. A spacer etch is 

performed to result in the structure of FIG. 34 having first spacers 320 

and second spacers 330'; thus m=2 at this point in the process, with 

spacers 330' being formed from the second spacer layer 320. 
30 

Next, a third spacer layer 350 is formed. Third spacer layer 350 may 

comprise the same material of the first spacer layer, in this embodiment 

silicon nitride, or a different material which will withstand an etch of the 

second spacer layer. The third spacer layer is targeted to a thickness of 

35 1/5. Because the target thickness of the third spacer layer 350 is more 
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than half the spacing at 334, layer 350 bridges across opening 334, but 
forms conformally at spacing 332, which has a distance of 3/5. As there 
have been three spacer layers used to this point In the process, m=3. 

5 After completing the FIG. 35 structure, a spacer etch is performed on the 
third spacer layer 350 to result in the structure of FIG. 36 having third 

spacers 350'. 

Subsequently, the second spacers 330' are etched selective to first 
10 spacers 320 and third spacers 350' to result in the FIG. 37 structure. The 

remaining spacers 320, 350 are then used as a mask to etch the layer to 
be etched 72 to result in the structure of FIG. 38. Finally, spacers 320, 
350' may be removed. 

15 In the alternative to using spacer etches, a planarization, for example 
CMP, may be performed on structures of the various embodiments. This 
CMP process may result in each of the spacers having a uniform height, 
which may be advantageousto subsequent processing. Using a planarizing 
process rather than a spacer etch to remove a portion of the spacer layer 

20 may be advantageous when using higher values of m. Rather than having 
the profile of FIG. 38 which is formed using spacer etches, a structure 
formed using a planarizing process wiil have a profile similar to FIG. 31. It 
Is also contemplated that one or more spacer etches may be combined 
with one or more planarizing processes. 

25 
As with the embodiments depicted in FIGS. 7-22, the sizes of various 
elements related to the pattern formed by the embodiments of 
FIGS. 23-38 may be described in mathematical terms. The CD is reduced 
to l/(2m-l) of its original value, where the original value of the CD is the 

30 width of photoresist feature 70 at FIGS. 23 and 32, and m is the number 
of spacer jayers which are formed, where m>2. The equation 
l+X+2ma*='a may be used to determine the number of spacer layers 
required for a given reduction in CD, where m^2 and ua"is the thickness 
of the spacer layers divided by the width of the original photoresist layer. 

35 In this embodiment, X~0 as there Is no trim. 
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While the original mask layer 70 is trimmed in the embodiments of 
FIGS. 7-22 and untrlmmed in the embodiments of FIGS. 23-38, the two 
processes have similarities. For example, it is possible (but not required) 
to form all the spacers from only two different types of materials. The m, 

5 m-2, m-4, etc. spacer layers may all be formed from the same material, 
while the m-1, m-3, m-5, etc. layers may also be formed from the same 
material (but different than, and etchable selective to, the m, m-2, m-4, 
etc. layers). Each spacer layer is formed from a different material than the 
preceding spacer. Further, the original masking layer, layer 70 in both 

10 embodiments, is removed prior to forming the second spacer layer. Also, 
with~eitherembodlment the m-l7 m-3rm-57etcrspacer layers may be 
removed, while the m, m-2, m-4, etc. spacer layers may be used as a 
pattern. 

The embodiments of FIGS. 7-22 provide a feature density multiplier which 
is an even number, while the embodiments of FIGS. 23-38 provide a 
feature density multiplier which is an odd number. The embodiments of 
FIGS. 7-22 have no bridging of the spacer layers, while the embodiments 
of FIGS. 23-38 both have an instance of bridging of a spacer layer (at 232 
of FIG. 25 and at 334 of FIG. 35). 

15 

20 

In yet another embodiment, the structure of FIG. 14 is formed, and layer 
120 is used in place of photoresist layer 70 of FIG. 7. Thus layer 120 is 
trimmed, and a spacer layer Is formed and spacer etched, then layer 120 

25 is removed, as is done in FIGS. 8-11. The process continues with the 

second spacer layer of FIGS. 12 and 13, 

In another embodiment, the structure of FIG. 27 is formed, and layer 250 
is used In place of photoresist layer 70 of FIG. 7. Thus a spacer layer is 

30 formed over layer 250, then layer 250 Is removed as is done to layer 70 In 
FIG. 24 and this final spacer layer is used as a mask to etch layer 10. A 
similar process may be performed with other embodiments disclosed 
herein. 
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As depicted In FIG. 39, a semiconductor device 390 formed in accordance 
with the invention may be attached along with other devices such as a 
microprocessor 392 to a printed circuit board 394, for example to a 
computer motherboard or as a part of a memory module used in a 

5 personal computer, a minicomputer, or a mainframe 396. The 
microprocessor and/or memory devices may be formed with (or otherwise 
comprise) an embodiment of the present invention. FIG. 39 may also 
represent use of device 390 in other electronic devices comprising a 
housing 396, for example devices comprising a microprocessor 392, 

10 related to telecommunications, the automobile industry, semiconductor 
test and manufacturing equipment, consumer electronics, or virtually any 
piece of consumer or Industrial electronic equipment. 

The processes and structures described herein may be used to 
15 manufacture a number of different structures comprising a patterned layer 

formed according to the Inventive process. FIG. 40, for example, is a 
simplified block diagram of a memory device such as a dynamic random 
access memory having container capacitors, transistor gates, and other 
features which may be formed using an embodiment of the present 

20 invention. The general operation of such a device is known to one skilled 
in the art. FIG. 40 depicts a processor 392 coupled to a memory device 
390, and further depicts the following basic sections of a memory 
integrated circuit: control circuitry 400; row address buffer 402; column 
address buffer 404; row decoder 406; column decoder 408; sense 

25 amplifier 410; memory array 412; and data input/output 414. 

While this invention has been described with reference to illustrative 
embodiments, this description is not meant to be construed in a limiting 
sense. Various modifications of the illustrative embodiments, as well as 

30 additional embodiments of the invention, will be apparent to persons 
skilled In the art upon reference to this description. For example, the 
structures described as being formed from photoresist may be formed 
from other materials such as amorphous carbon (AC), transparent carbon 
(TC), multilayer resist (MLR), or bilayer resist (BLR). A dry development 
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etch may be performed to transfer a pattern from a photoresist layer to a 

dielectric anti-reflective coating (DARC), or to a bottom anti-reflectlve 

coating (BARC), then to amorphous carbon, transparent carbon, an 

underlying multilayer resist, or to an underlayer of multilayer resist or 

5 bilayer resist. Further, a trim, if employed, may be performed on 

photoresist prior to the dry development etch or on an underlying layer 

after the dry development etch. 

The spacer thickness in various embodiments is assumed to be equal to 

^0 the target CO. The result is that the lines and spaces-have equal widths. 

However, the spacer thickness of the two types of spacer materials may 

be different so that a final pattern with various duty cycles may be 

formed, as long as the sum of the two spacer thickness Is equal to the 

final pitch. For example, during the pitch triple reduction process, a thick 

15 first spacer may be used with a thin second spacer. After the first spacer 

is selectively removed, the final pattern of relaxed pitch (i.e. the line 

smaller than the spacer) is formed with a density of three times the 

original density. This may be preferred in some embodiments, for example 

when used with a shallow trench isolation process. It is, therefore, 

20 contemplated that the appended claims will cover any such modifications 

or embodiments as'fall within the true scope of the invention. 
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The invention claimed is: 

1. A method used during fabrication of a semiconductor device, the method comprising: 

providing a layer to be etched, the layer to be etched having a substantially planar elevationally 
outermost surface; forming a plurality of sacrificial first spacers on the outermost surface; 

forming a second spacer layer over the plurality of sacrificial first spacers; 

removing a portion of the second spacer layer to form a plurality of triads of spacers on the outermost 
surface, the triads comprising the first spacer bracketed by second spacers on the surface with each 
of the spacers within the triad having a different elevational thickness and the second spacers 
contacting the first spacer; 

forming a conformal layer over the triad; 

removing a portion of the conformal layer to form groups of five adjacent spacers, the individual 
groups comprising the triad bracketed by third spacers; removing the second spacers; 

and etching the layer to be etched using the first and third spacers as a pattern to form a plurality of 
-substantially similar-features within the-layer-to be etched. -

2. The method of claim 1 wherein the etching forms recesses aligned substantially equidistant along 
the outermost surface of the layer to be etched. 

3. The method of claim 1 wherein the surfaces of all of the spacers are non-planar. 

4. The method of claim 1 wherein the forming the second spacer layer on the plurality of sacrificial 
first spacers comprises providing a spacing layer to fill between some of the first spacers but not filling 
between all of the first spacers. 

5. The method of claim 4 wherein the spacing layer alternates between filled and unfilled between first 
spacers in one cross section of the device. 

6. The method of claim 1 wherein each spacer within the group of five spacers has a different 
elevational thickness. 

7. The method of claim 1 wherein the groups of five spacers are spaced apart from one another. 

8. The method of claim 1 wherein individual spacers within the groups of five spacers contact one 
another. 

9. The method of claim 1 wherein the groups of five spacers are spaced apart from one another a 
distance that is substantially the same as the width of the second spacers. 

10. The method of claim 1 wherein upon removal of the second spacers, the remaining spacers are 
substantially equally spaced along the surface to be etched. 


