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(57) ABSTRACT 

In one aspect, the invention includes an etching process, 
comprising: a) providing a ?rst material over a substrate, the 
?rst material comprising from about 2% to about 20% 
carbon (by Weight); b) providing a second material over the 
?rst material; and c) etching the second material at a faster 
rate than the ?rst material. In another aspect, the invention 
includes a capacitor forming method, comprising: a) form 
ing a Wordline over a substrate; b) de?ning a node proximate 
the Wordline; c) forming an etch stop layer over the Word 
line, the etch stop layer comprising carbon; d) forming an 
insulative layer over the etch stop layer; e) etching through 
the insulative layer to the etch stop layer to form an opening 
through the insulative layer; and e) forming a capacitor 
construction comprising a storage node, dielectric layer and 
second electrode, at least a portion of the capacitor con 
struction being Within the opening. In yet another aspect, the 
invention includes a semiconductive material assembly, 
comprising: a) a semiconductive substrate; and b) a layer 
over the semiconductive substrate, the layer comprising 
silicon, nitrogen and carbon. 
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CAPACITOR CONSTRUCTIONS, DRAM 
CONSTRUCTIONS, SEMICONDUCTIVE 

MATERIAL ASSEMBLIES, ETCHING PROCESSES, 
AND METHODS FOR FORMING CAPACITORS 

AND DRAMS 

TECHNICAL FIELD 

[0001] The invention pertains to etching processes and 
semiconductive material assemblies, and has particular 
application to capacitors and DRAMS, as Well as to methods 
of forming capacitors and DRAMs. 

BACKGROUND OF THE INVENTION 

[0002] Modern semiconductor device fabrication pro 
cesses frequently utiliZe selective etching conditions during 
fabrication of semiconductor devices. Selective etching con 
ditions Will etch one material more rapidly than another. The 
material that is etched most rapidly can be referred to as a 
sacri?cial material, and that Which is etched less rapidly can 
be referred to as a protective (or etch stop) material. Selec 
tive etching can be utiliZed in, for example, processes in 
Which it is desired to protect a portion of a semiconductive 
Wafer from etching conditions While etching through another 
portion of the Wafer. Example selective etching conditions 
are dry etch conditions selective for etching silicon oxide 
relative to silicon nitride. Such example selective etching 
conditions are described in US. Pat. No. 5,286,344, Which 
is hereby incorporated by reference. 

[0003] Many selective etching methods currently prac 
ticed generally have selectivities of about 10:1 or less. In 
other Words, the etch conditions Will selectively etch a ?rst 
(sacri?cial) material at a rate that is less than or equal to 
about tWice as fast as that at Which a second (protective) 
material is etched. At selectivities of 10:1 or less, there is a 
constant risk that the protective material Will be etched 
entirely aWay during the etching of the sacri?cial material. 
Accordingly, it Would be desirable to develop alternative 
methods of selective etching having selectivities of greater 
than 10:1. 

[0004] A possible mechanism by Which selectivity can 
occur is through selective polymer formation on the protec 
tive material during etching of it and the sacri?cial material. 
For instance, etching of silicon oxide and silicon nitride 
under conditions such as those described in US. Pat. No. 
5,286,344 may create a carbonaceous polymer on the silicon 
nitride Which protects the silicon nitride during etching of 
the silicon oxide. The carbon contained in the carbonaceous 
polymer can originate from, for example, etchant materials 
(either gas, liquid or plasma materials), such as, for example, 
the CHZF2 and CHF3 described in US. Pat. No. 5,286,344. 
When silicon oxide, such as BPSG is selectively etched 
relative to silicon nitride, the carbon Will frequently origi 
nate at least in part from etching of the BPSG. Thus, less 
selectivity is obtained When less BPSG is etched relative to 
an amount of silicon nitride exposed to the etching condi 
tions. Accordingly, thin layers of BPSG can be more dif?cult 
to etch than thicker layers. Many selective etching methods 
are non-effective for selectively etching BPSG relative to 
silicon nitride When the BPSG layers have thicknesses of 
less than or equal to about 1.3 microns. 

[0005] An exemplary application of selective etching is a 
dynamic random access memory (DRAM) forming process. 
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Referring to FIG. 1, a DRAM construction is illustrated 
With respect to a semiconductive Wafer fragment 10. Wafer 
fragment 10 comprises a substrate 12. Substrate 12 can be, 
for example, a monocrystalline Wafer lightly doped With a 
p-type background dopant. To aid in interpretation of the 
claims that folloW, the term “semiconductive substrate” is 
de?ned to mean any construction comprising semiconduc 
tive material, including, but not limited to, bulk semicon 
ductive materials such as a semiconductive Wafer (either 
alone or in assemblies comprising other materials thereon), 
and semiconductive material layers (either alone or in 
assemblies comprising other materials). The term “sub 
strate” refers to any supporting structure, including, but not 
limited to, the semiconductive substrates described above. 

[0006] Field oxide regions 15 overlie substrate 12, and 
node locations 14, 16, and 18 are betWeen the ?eld oxide 
regions. The node locations contain diffusion regions con 
ductively doped With a conductivity-enhancing dopant. 

[0007] Wordlines 20 and 22 overlie over substrate 12. 
Wordlines 20 and 22 comprise a gate oxide layer 24 and a 
conductive layer 26. Gate oxide layer 24 can comprise, for 
example, silicon dioxide. Conductive layer 26 can comprise, 
for example, conductively doped polysilicon capped With a 
metal silicide, such as, for example, tungsten silicide or 
titanium silicide. Wordlines 20 and 22 have opposing side 
Wall edges, and sideWall spacers 28 and 30 extend along 
such sideWall edges. An etch stop layer 32 extends over 
Wordlines 20 and 22. Etch stop layer 32 can comprise, for 
example, silicon nitride. Although not shoWn, an insulative 
layer may be placed betWeen etch stop layer 32 and con 
ductive layer 26. Such insulative layer can comprise, for 
example, silicon oxide or silicon nitride. 

[0008] An insulative layer 34 is provided over substrate 12 
and over Wordlines 20 and 22. Insulative layer 34 can 
comprise, for example, borophosphosilicate glass (BPSG). 

[0009] Capacitor constructions 36 and 38 extend through 
insulative layer 34 to contact node locations 14 and 18, 
respectively. Capacitor constructions 36 and 38 comprise a 
storage node (?rst electrode) 40, a dielectric layer 42, and a 
second electrode 44. Storage node 40 and second electrode 
44 can comprise, for example, conductively doped silicon 
such as conductively doped polysilicon. Dielectric layer 42 
can comprise, for example, silicon dioxide and/or silicon 
nitride. Although all of layers 40, 42 and 44 are shoWn 
extending Within openings in layer 34, it is noted that other 
capacitor constructions are knoWn Wherein some or none of 

the storage node, dielectric, and second electrode layers 
extend Within an opening. 

[0010] A bit line contact 46 also extends through insula 
tive layer 34, and contacts node location 16. Bit line contact 
46 is in gated electrical connection With capacitor construc 
tion 36 through Wordline 20, and in gated electrical connec 
tion With capacitor 38 through Wordline 22. Bit line contact 
46 can comprise, for example, tungsten, titanium, and/or 
titanium nitride. Although not shoWn, a diffusion barrier 
layer, such as, for example, titanium nitride, can be formed 
betWeen bit line contact 46 and the diffusion region of node 
location 16. 

[0011] Asecond insulative layer 48 extends over capacitor 
constructions 36 and 38, and electrically isolates second 
electrodes 44 from bit line contact 46. Second insulative 
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layer 48 can comprise the same material as ?rst insulative 
layer 34. Second insulative layer 48 can comprise, for 
example, silicon dioxide, BPSG, or silicon nitride. 

[0012] A bit line 50 extends over second insulative layer 
48 and in electrical connection With bit line contact 46. 
Accordingly, bit line contact 46 electrically connects bit line 
50 to node location 16. Bit line 50 can comprise, for 
example, aluminum, copper, or an alloy of aluminum and 
copper. 

[0013] A method of forming the DRAM construction of 
FIG. 1 is described With reference to FIGS. 2-3. FIG. 2 
illustrates semiconductive Wafer fragment 10 at a prelimi 
nary processing step. Etch stop layer 32 extends over 
Wordlines 20 and 22, and over node locations 14, 16 and 18. 
Insulative layer 34 extends over etch stop layer 32, and a 
patterned photoresist masking layer 60 is provided over 
insulative layer 34. Patterned photoresist layer 60 de?nes an 
opening 62 Which is to be extended to node location 16 for 
ultimate formation of bit line contact 46 therein. 

[0014] Referring to FIG. 3, opening 62 is extended to etch 
stop layer 32. The etch utiliZed to extend opening 62 is 
preferably selective for the material of layer 34 relative to 
that of layer 32. For instance, if layer 34 comprises BPSG 
and layer 32 comprises nitride, the etch can utiliZe a ?uo 
rocarbon material such as one or more of the materials 

disclosed in US. Pat. No. 5,286,344. 

[0015] After selectively etching to layer 32, subsequent 
anisotropic etching of layer 32 can occur to extend opening 
62 to node location 16. Such extended opening can be 
described to as a “self-aligned contact opening”, referring to 
the fact that the opening is aligned With sideWall edges of 
Wordlines 20 and 22. 

[0016] After opening 62 is extended to node location 16, 
photoresist layer 60 (FIG. 2) can be removed, and subse 
quent processing utiliZed for forming bit line contact 46 
Within opening 62. Also, similar etching described above for 
formation of bit line contact opening 62 can be utiliZed to 
form openings to node locations 14 and 18 for formation of 
capacitor constructions 36 and 38, respectively, therein. In 
the shoWn fabrication process, bit line contact opening 62 is 
formed prior to forming openings for capacitor constructions 
36 to 38. HoWever, other fabrication processes are knoWn 
Wherein openings for the capacitor constructions are formed 
either before, or simultaneously With, formation of the 
opening for the bit line contact. 

[0017] FIG. 3 illustrates an idealiZed selective etch, 
Wherein the etch stops substantially entirely upon reaching 
etch stop layer 32. HoWever, as discussed above, prior art 
etching processes are typically only about tWo times more 
selective for sacri?cial materials (the material of layer 34) 
than for protective materials (the material of layer 32). 
Accordingly, the selective etches do not generally stop 
substantially entirely upon reaching etch stop layer 32, but 
rather continue at a sloWer rate upon reaching layer 32. 

[0018] FIG. 4 illustrates a prior art problem Which can 
occur as a result of the continued etching of layer 32. 
Speci?cally, layer 32 can become thinned to an extent that 
one or both of sideWalls 28 and 30 are exposed to the etching 
conditions. Such exposure can lead to etching through the 
sideWall spacers to expose conductive material 26. In a 
particularly bad scenario, conductive layer 26 is then shorted 
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to bit line contact 46 When the conductive material of bit line 
contact 46 is formed Within opening 62. Also, the thinning 
of etch stop layer 32 can lead to unpredictability during a 
subsequent etch of layer 32 to expose node location 16. 
Speci?cally, it is unknoWn hoW long to continue a subse 
quent etch. If the etch continues for too long the etch can 
undesirably penetrate into substrate 12, and possibly through 
the diffusion region at node location 16. 

[0019] For the above-discussed reasons, it is desired to 
develop alternative methods for selectively etching materi 
als Wherein the selectivity of an etch for a given material is 
improved. 

SUMMARY OF THE INVENTION 

[0020] In one aspect, the invention encompasses an etch 
ing process. A?rst material is provided over a substrate. The 
?rst material comprises from about 2% to about 20% carbon 
(by Weight). A second material is provided over the ?rst 
material. The second material is etched at a faster rate than 
the ?rst material. 

[0021] In another aspect, the invention encompasses a 
capacitor forming method. A Wordline is formed over a 
substrate and has a sideWall. An insulative spacer is formed 
along the sideWall. A node is de?ned proximate the Word 
line. An etch stop layer is formed over the Wordline and over 
the insulative spacer. At least one of the etch stop layer and 
the insulative spacer comprises carbon. An insulative layer 
is formed over the etch stop layer. The insulative layer is 
etched to form an opening through the insulative layer and 
to the etch stop layer. A capacitor construction is formed. 
The capacitor construction comprises a storage node, dielec 
tric layer and a second electrode. At least a portion of the 
capacitor construction is Within the opening. 

[0022] In yet another aspect, the invention encompasses a 
DRAM forming method. A pair of Wordlines are formed 
over a substrate. Three nodes are de?ned proximate the 
Wordlines. The three nodes comprise a ?rst node, second 
node and third node. The second node is in gated electrical 
connection With the ?rst node through one of the Wordlines 
and in gated electrical connection With the third node 
through the other of the Wordlines. An etch stop is formed 
proximate the Wordlines. The etch stop comprises carbon. 
An insulative layer is formed over the etch stop. A ?rst, 
second and third opening are formed to extend through the 
insulative layer. The forming the ?rst second and third 
openings comprises etching through the insulative layer to 
the etch stop. A ?rst capacitor construction is formed in 
electrical connection With the ?rst node, a second capacitor 
construction is formed in electrical connection With the third 
node, and a bit line contact is formed in electrical connection 
With the second node. In other aspects, the invention 
includes semiconductive material assemblies, capacitor con 
structions and DRAM constructions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] Preferred embodiments of the invention are 
described beloW With reference to the folloWing accompa 
nying draWings. 
[0024] FIG. 1 is a fragmentary, diagrammatic, cross 
sectional vieW of a semiconductive Wafer fragment com 
prising a prior art DRAM assembly. 



US 2001/0034129 A1 

[0025] FIG. 2 is a fragmentary, cross-sectional, diagram 
matic vieW of a semiconductive Wafer fragment at a pre 
liminary prior art processing step in forming the DRAM 
construction of FIG. 1. 

[0026] FIG. 3 is a vieW of the FIG. 2 Wafer fragment at 
a processing step subsequent to that of FIG. 2. 

[0027] FIG. 4 is a vieW of the FIG. 2 Wafer fragment at 
a processing step subsequent to that of FIG. 2 and alterna 
tive to the idealized processing step of FIG. 3. 

[0028] FIG. 5 is a diagrammatic, cross-sectional, frag 
mentary vieW of a semiconductor Wafer fragment processed 
according to a method of the present invention. 

[0029] FIG. 6 is a vieW of the FIG. 5 Wafer fragment at 
a processing step subsequent to that of FIG. 5. 

[0030] FIG. 7 is a vieW of the FIG. 5 Wafer fragment at 
a processing step subsequent to that of FIG. 6. 

[0031] FIG. 8 is a diagrammatic, cross-sectional vieW of 
a semiconductor Wafer fragment processed according to a 
second embodiment method of the present invention. 

[0032] FIG. 9 is a vieW of the FIG. 8 Wafer fragment at 
a processing step subsequent to that of FIG. 8. 

[0033] FIG. 10 is a scanning electron micrograph of a 
prior art semiconductor Wafer fragment that has been sub 
jected to an etching condition. 

[0034] FIG. 11 is a scanning electron micrograph of a 
semiconductor Wafer fragment encompassed by the present 
invention that has been subjected to the same etching 
condition as the FIG. 10 Wafer fragment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0035] This disclosure of the invention is submitted in 
furtherance of the constitutional purposes of the US. Patent 
LaWs “to promote the progress of science and useful arts” 
(Article 1, Section 8). 

[0036] The present invention encompasses methods of 
providing carbon Within a material to decrease an etch rate 
of the material. For instance, the present invention encom 
passes methods of incorporating carbon Within a material to 
decrease an etch rate of the material as it is subjected to an 
anisotropic dry etching process. In a speci?c embodiment, 
the carbon can be provided Within a ?rst material to increase 
a selectivity of an etch of a second material relative to the 
?rst material. Exemplary materials Within Which carbon can 
be provided are silicon nitride and silicon oxide (such as, for 
example silicon dioxide or BPSG). 

[0037] The carbon can be introduced in the form of a 
carbon-containing gas provided as a precursor during chemi 
cal vapor deposition (CVD) of the material Within Which 
carbon is desired. Such carbon-containing gas can comprise, 
for example, one or more of tetraethylorthosilicate (TEOS), 
bis-(tertiary butyl amino)silane (BTBAS), methane, carbon 
dioxide, or carbon tetrachloride. In an exemplary application 
Wherein carbon is incorporated into silicon nitride, the 
silicon nitride can be formed by chemical vapor deposition 
utiliZing dichlorosilane and ammonia, at a temperature of 
from about 300° C. to about 750° C. and a pressure of from 
about 50 mTorr to about 2 Torr, and in the presence of an 
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above-discussed carbon-containing gas. In alternative 
embodiments of the invention, the carbon can be introduced 
into a material as a carbon implant. 

[0038] In embodiments in Which carbon is incorporated 
into an insulative material, it is preferably incorporated in an 
amount of from about 2% to about 20% (by Weight), With 
from about 10% to about 15% being more preferred, and 
about 10% being yet more preferred. If more than 20% 
carbon is incorporated into an insulative material, the carbon 
can degrade insulative properties of the material by forming 
“leaky holes” extending through the material. 
[0039] In materials comprising silicon, such as, for 
example, silicon nitride and silicon oxide, the incorporated 
carbon can be in the form of silicon carbide (SiC). HoWever, 
it is noted that this disclosure is to be limited only by the 
claims that folloW, and not by any particular form of 
incorporated carbon, except to the extent that such is 
expressly identi?ed in a claim. 

[0040] The incorporation of carbon into a material can 
reduce an etch rate of the material by a factor of ?ve or more. 
In an exemplary application Wherein an etch method has a 
selectivity for silicon oxide relative to silicon nitride of 
about 2: 1 Without carbon in the silicon nitride, incorporation 
of carbon into the nitride layer can increase the selectivity to 
at least about 10:1. The increase in selectivity occurs 
through a decrease in the etch rate of silicon nitride. Spe 
ci?cally, prior art methods selective for silicon oxide relative 
to silicon nitride generally Will etch silicon nitride at a rate 
of at least 10 A per second. In contrast, incorporation of 
carbon into the silicon nitride in accordance With the present 
invention can decrease the etch rate of the silicon nitride to 
less than or equal to about 5 A per second While using an 
otherWise identical selective etch process as the prior art. In 
preferred exemplary applications, the present invention can 
decrease the etch rate of the silicon nitride to less than or 
equal to about 2 A per second, and in more preferred 
exemplary applications to about 1.8 A per second. 
[0041] While this disclosure is not to be limited to any 
particular mechanism except to the extent that such is recited 
in the claims, it is noted that a possible mechanism by Which 
the incorporation of the carbon species can increase process 
selectivity is to increase an activation energy required by an 
etching process. 
[0042] An advantage of the relatively high activation 
energy ?lms of the present invention relative to the loWer 
activation energy ?lms of the prior art is that loWer activa 
tion energy ?lms generally require more selective processes 
than do higher activation energy ?lms. As processing con 
ditions become more highly selective, the processing con 
ditions tend become less stable. Accordingly, since the 
carbon incorporation of the present invention can enable less 
selective processing conditions to be utiliZed to accomplish 
similar results as obtained in the prior art utiliZing more 
highly selective processing conditions, the present invention 
can enable more robust processing conditions to be utiliZed 
than Were utiliZed in the prior art. Also, the present invention 
can increase a “process WindoW”, to further increase stabil 
ity of processing conditions. In other Words, the carbon 
incorporation of the present invention can enable a selective 
process to occur across a broader range of conditions than 
such process Would occur across utiliZing prior art methods. 

[0043] Another advantage of the increased etch selectivity 
that can be accomplished by methods of the present inven 
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tion is that it can enable etch stop layers to be made thinner. 
Speci?cally, a silicon nitride etch stop layer 32 of FIGS. 1-3 
is typically formed to a thickness of at least about 2,000 
Angstroms. A reason for the thickness of layer 32 is to 
compensate for over-etching of the nitride layer 32 that may 
occur in a selective oxide etch. The enhanced selectivity that 
can be accomplished by methods of the present invention 
can enable such thickness to be reduced to less than or equal 
to about 500 Angstroms Without increasing a risk of over 
etch. Reduction of the thickness of layer 32 can provide 
additional room for capacitor constructions (such as con 
structions 36 and 38 of FIG. 1) in a DRAM structure, 
enabling more charge to be stored over a given area of 
semiconductor Wafer real estate then is achievable by the 
prior art method described above With reference to FIGS. 
1-3. 

[0044] Amethod of the present invention is described With 
reference to FIGS. 5-7. Referring to FIG. 5, a semiconduc 
tive Wafer fragment 100 comprises a substrate 112 having 
Wordlines 120 and 122 formed thereover. Spacers 128 and 
130 extend along sideWalls of Wordlines 120 and 122, 
respectively. Substrate 112, Wordlines 120 and 122, and 
spacers 128 and 130 can comprise constructions identical to 
those discussed above for substrate 12, Wordlines 20 and 22, 
and spacers 28 and 30 of the prior art. Node locations 114, 
116 and 118 are provided betWeen the Wordlines and can 
comprise constructions identical to those discussed above 
regarding node locations 14, 16, and 18 of the prior art. 

[0045] An etch stop layer 132 is formed over substrate 112 
and over Wordlines 120 and 122. In accordance With an 
aspect of the present invention etch stop layer 132 has 
carbon incorporated therein. Etch stop layer 132 can com 
prise, for example, silicon oxide or silicon nitride, and can 
consist essentially of silicon, nitrogen and carbon, or can 
consist essential of silicon, oxygen and carbon. For purposes 
of the discussion that folloWs, etch stop layer 132 Will be 
referred to as a silicon nitride layer. Portions 115 of nitride 
layer 132 extend along sideWall spacers 128 and 130. Silicon 
nitride layer 132 can be formed to a thickness of less than or 
equal to about 500 A, and can be formed by, for example, 
chemical vapor deposition of silicon nitride in the presence 
of BTBAS. Speci?cally, silicon nitride layer 132 can be 
deposited in a chemical vapor deposition reactor having a 
pressure of from about 50 mTorr to about 10 Torr, a 
temperature of from about 575° C. to about 750° C., a How 
rate of SiH4 of from about 0 to about 500 sccm, a How rate 
of NH3 of from about 0 to about 2000 sccm, and a How rate 
of BTBAS of from about 0 to about 500 sccm, to form 
silicon nitride layer 132 having from about 2% to about 20% 
carbon incorporated (by Weight). 

[0046] Referring to FIG. 6, a layer of BPSG 134 is formed 
over silicon nitride layer 132 and an opening 162 is etched 
into BPSG layer 134 to stop at silicon nitride layer 132. 
Sides of opening 162 are aligned With portions 115 of nitride 
layer 132 that extend along sideWall spacers 128 and 130. 
BPSG layer 134 and opening 162 can be formed by methods 
discussed above With reference to FIGS. 2 and 3 in the 
background section of this disclosure. The carbon incorpo 
rated Within silicon nitride layer 132 can provide a selec 
tivity of the etch of BPSG material of layer 134 relative to 
the silicon nitride material of layer 132 to greater than 5:1, 
and preferably to greater than 10:1. Such selectivity can 
decrease a risk of the over-etch problems illustrated in FIG. 
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4 of the background section of this disclosure relative to the 
risk that exists With prior art methods. The decreased risk of 
over-etch problems accomplished by carbon incorporation 
Within silicon nitride layer 132 enables layer 132 to be 
formed thinner than the etch stop layer 32 utiliZed in the 
prior-art constructions of FIGS. 1-3. Accordingly, there can 
be more space above layer 132 for circuit constructions. 
Also, the incorporation of carbon Within layer 132 enables 
etch selectivity to be obtained even if layer 134 is very thin 
before the etch. Speci?cally, layer 134 can be less than 1.3 
microns thick before the etch and etch selectivity can still be 
obtained. 

[0047] After the selective etch to expose nitride layer 132, 
further processing can be utiliZed to extend opening 162 to 
node 116. Such further processing can include a silicon 
nitride etch, such as, for example, hot phosphoric acid. 

[0048] Subsequently, a bit line contact similar to the bit 
line contact 46 of prior art FIG. 1 can be formed Within 
opening 162. Also, further processing can be conducted to 
form capacitor constructions similar to constructions 36 and 
38 of prior art FIG. 1 to complete a DRAM structure from 
the construction of FIG. 6. Such DRAM structure is shoWn 
in FIG. 7, With components analogous to those of FIG. 1 
labeled With integers 100 units larger than the integers 
utiliZed in FIG. 1. The DRAM structure of FIG. 7 comprises 
capacitor constructions 136 and 138. Such constructions 
comprise storage node layers 140, dielectric layers 142 and 
second electrodes 144. Capacitor constructions 136 and 138 
can be larger than capacitor constructions 36 and 38 of FIG. 
1, even though the DRAM construction of FIG. 8 occupies 
a same amount of Wafer real estate as the DRAM construc 

tion of FIG. 1, due to increased area available by silicon 
nitride layer 132 being thinner than prior art silicon nitride 
layer 32 of FIG. 1. 

[0049] Another embodiment of the present invention is 
described With reference to FIGS. 8 and 9. Such embodi 
ment comprises forming carbon Within sideWall spacers to 
decrease an etch rate of the spacers relative to an overlying 
insulative layer. Referring to FIG. 8, a semiconductive 
Wafer 200 comprises a substrate 212 and overlying Word 
lines 220 and 222. Node locations 214, 216 and 218 are 
betWeen Wordlines 220 and 222. Substrate 212, Wordlines 
220 and 222, and node locations 214, 216 and 218 can 
comprise constructions discussed in the background section 
of this embodiment for prior art substrate 12, Wordlines 20 
and 22, and node locations 14, 16, and 18, respectively. 

[0050] SideWall spacers 228 and 230 extend along side 
Walls of Wordlines 220 and 222, respectively. Spacers 228 
and 230 comprise a material having carbon incorporated 
therein, and can comprise, for example, silicon nitride or 
silicon dioxide having carbon incorporated therein. Spacers 
228 and 230 can also consist essentially of carbon and either 
silicon nitride or silicon oxide. Exemplary spacers 228 and 
230 comprise silicon dioxide With carbon incorporated 
therein to a concentration of from about 2% to about 20% 
(by Weight). Such spacers can be formed by, for example, 
chemical vapor deposition utiliZing bis(tertiary butyl amino) 
silane and NH3. 

[0051] An insulative material 234 is formed over Word 
lines 220 and 222, and over spacers 228 and 230. Layer 234 
can comprise, for example, BPSG. Adifference betWeen the 
construction of FIG. 8 and the prior art constructions of 
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FIGS. 1-3 (discussed in the background section of this 
disclosure) is that the construction of FIG. 8 does not have 
an etch stop layer (shoWn as layer 32 in FIGS. 1-3) provided 
over Wordlines 220 and 222. 

[0052] An opening 262 is etched through layer 234 and to 
substrate 212. The opening is aligned relative to sideWalls 
228 and 230 proxirnate substrate 212. In a particular aspect 
of the present invention, insulative layer 234 comprises 
BPSG and sideWalls 228 and 230 cornprise silicon dioxide. 
In this aspect of the invention, a ?rst silicon oxide layer 
(BPSG layer 234) is etched selectively relative to a second 
silicon oxide layer (the layer of one or both of spacers 228 
and 230) by virtue of carbon incorporation into the second 
silicon oxide layer. 

[0053] Referring to FIG. 9, Wafer fragment 200 can be 
processed according to methods similar to those discussed 
above With reference to FIG. 1 in the background section of 
the ?rst invention to produce a DRAM construction. The 
DRAM construction of FIG. 9 is labeled similarly to that of 
FIG. 1, with components analogous to those of FIG. 1 
labeled With integers 200 units larger than the integers 
utiliZed in FIG. 1. 

[0054] The DRAM construction of FIG. 9 comprises 
capacitors 236 and 238. Capacitors 236 and 238 can be 
larger than the capacitors 36 and 38 of FIG. 1, even though 
the DRAM construction of FIG. 8 occupies a same amount 
of Wafer real estate as the DRAM construction of FIG. 1, 
due to the elimination of an etch stop layer (the etch stop 
layer 32 of FIG. 1). 

[0055] Further, even if an etch stop layer is present, 
sideWall spacers 128 and 130 can be thinner than prior art 
spacers 28 and 30 (FIG. 1) to provide additional room for 
capacitor constructions. Speci?cally, a function of the prior 
art sideWall spacers 28 and 30 can be to provide a barrier in 
the event that protective layer 32 is etched through during 
processing to form opening 62 (FIG. 2). As the sideWall 
spacers 228 and 230 are more resistant to etch than prior art 
sideWall spacers 28 and 30, sideWall spacers 228 and 230 
can be formed thinner than prior art sideWall spacers 28 and 
30 and still form an effective barrier against etchthrough. For 
instance, prior art sideWall spacers 28 and 30 Would typi 
cally be formed to a thickness of at least about 900 A (the 
“thickness” being de?ned as an amount by Which the spacers 
extend outWardly (horiZontally in FIG. 1) from the side 
Walls of the Wordlines), and sideWall spacers 228 and 230 
can be formed to a thickness of less than or equal to about 
500 The thinner sideWall spacers 228 and 230 can provide 
additional room for capacitor constructions 236 and 236 
relative to the room available for capacitor constructions 36 
and 38 of FIG. 1. 

[0056] FIGS. 10 and 11 are scanning electron micro 
graphs comparing a prior art serniconductor Wafer fragrnent 
(FIG. 10) and a present invention serniconductor Wafer 
fragrnent (FIG. 11) subjected to identical etching conditions. 
Speci?cally, FIG. 10 illustrates a Wafer fragrnent cornpris 
ing a sideWall spacer of silicon dioxide and having less than 
2% carbon incorporated therein. In contrast, FIG. 11 illus 
trates a serniconductive Wafer fragrnent comprising a side 
Wall spacer having greater than 2% carbon incorporated 
therein (speci?cally about 10%). As can be seen in cornpar 
ing FIGS. 10 and 11, the method of the present invention 
has signi?cantly reduced etching into the sideWall spacer. In 
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fact, no etching is apparent in the FIG. 11 serniconductive 
Wafer processed according to a method of the present 
invention, Whereas signi?cant sideWall etching is apparent 
in the prior art FIG. 10 serniconductive Wafer fragrnent. 

[0057] In compliance With the statute, the invention has 
been described in language more or less speci?c as to 
structural and rnethodical features. It is to be understood, 
hoWever, that the invention is not limited to the speci?c 
features shoWn and described, since the means herein dis 
closed cornprise preferred forms of putting the invention 
into effect. The invention is, therefore, claimed in any of its 
forms or rnodi?cations Within the proper scope of the 
appended claims appropriately interpreted in accordance 
With the doctrine of equivalents. 

1. A method for reducing an etch rate of a silicon 
cornprising material comprising incorporating carbon into 
the material to form a carbon-containing material. 

2. The method of claim 1 Wherein the incorporating 
carbon cornprises incorporating the carbon into the material 
to an amount Wherein the carbon-containing rnaterial corn 
prises from about 2% to about 20% carbon (by Weight). 

3. The method of claim 1 Wherein the incorporating 
carbon comprises providing irnplanting carbon into the 
material. 

4. The method of claim 1 Wherein the silicon-cornprising 
material is formed by CVD in a CVD reactor, and Wherein 
the incorporating carbon comprises providing a carbon 
containing gas in the CVD reactor during formation of the 
silicon-cornprising material. 

5. The method of claim 4 Wherein the carbon-containing 
gas comprises one or more of tetraethylorthosilicate, bis 
(tertiary butyl arnino)silane, rnethane, carbon dioxide, or 
carbon tetrachloride. 

6. The method of claim 4 Wherein the silicon-cornprising 
material comprises silicon nitride; and Wherein the carbon 
containing gas comprises one or more of tetraethylorthosili 
cate, bis-(tertiary butyl arnino)silane, rnethane, carbon diox 
ide, or carbon tetrachloride. 

7. The method of claim 1 Wherein the silicon-cornprising 
material comprises silicon nitride. 

8. The method of claim 1 Wherein the silicon-cornprising 
material comprises silicon oxide. 

9. An etching process comprising: 

exposing a ?rst silicon-cornprising material and a second 
silicon-cornprising material to etching conditions selec 
tive for etching the ?rst silicon-cornprising rnaterial 
relative to the second silicon-cornprising material, the 
second silicon-cornprising material comprising silicon, 
nitrogen, and carbon; and 

the second silicon-cornprising rnaterial etching at a rate 
that is less than or equal to about 5 A per second during 
said exposing. 

10. The etching process of claim 9 Wherein the second 
silicon-comprising rnaterial etches at rate of less than or 
equal to about 2 A per second. 

11. The etching process of claim 9 Wherein the second 
silicon cornprising material comprises from about 2% to 
about 20% carbon (by Weight). 

12. The etching process of claim 9 Wherein the ?rst 
silicon-cornprising material comprises silicon and oxygen, 
and Wherein the second silicon-cornprising rnaterial corn 
prises silicon, oxygen, and carbon. 
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13. The etching process of claim 12 wherein the second 
silicon-comprising material comprises from about 2% to 
about 20% carbon (by Weight). 

14. The etching process of claim 9 Wherein the ?rst 
silicon-comprising material comprises BPSG, and Wherein 
the second silicon-comprising material comprises silicon 
nitride and carbon. 

15. The etching process of claim 9 Wherein the ?rst 
silicon-comprising material comprises BPSG, and Wherein 
the second silicon-comprising material comprises silicon 
dioxide and carbon. 

16. An etching process, comprising: 

providing a ?rst material over a substrate, the ?rst mate 
rial comprising from about 2% to about 20% carbon 
(by Weight); 

providing a second material over the ?rst material; and 

etching the second material at a faster rate than the ?rst 
material. 

17. The method of claim 16 Wherein the ?rst material 
comprises silicon carbide. 

18. The method of claim 16 Wherein the ?rst material 
comprises silicon, oxygen and the carbon. 

19. The method of claim 16 Wherein: 

the ?rst material comprises silicon, oxygen and the car 
bon; and 

the second material comprises silicon and oxygen. 
20. The method of claim 16 Wherein the ?rst material 

consists essentially of silicon, oxygen and the carbon. 
21. The method of claim 16 Wherein the ?rst material 

comprises silicon, nitrogen and the carbon. 
22. The method of claim 16 Wherein: 

the ?rst material comprises silicon, nitrogen and the 
carbon; and 

the second material comprises silicon and oxygen. 
23. The method of claim 16 Wherein the ?rst material 

consists essentially of silicon, nitrogen and the carbon. 
24. A method of forming an opening, comprising: 

forming an etch stop layer over a substrate, the etch stop 
layer comprising carbon; 

forming an insulative layer over the etch stop layer; and 

etching through the insulative layer utiliZing conditions 
selective for etching the insulative layer at a faster rate 
than the etch stop layer to form an opening through the 
insulative layer to the etch stop layer. 

25. The method of claim 24 Wherein the insulative layer 
comprises BPSG, Wherein the etch stop layer comprises 
silicon nitride and carbon, and Wherein the BPSG has a 
thickness less than 1.3 microns before the etch. 

26. The method of claim 24 Wherein the etch stop layer 
comprises silicon, oxygen and the carbon. 

27. The method of claim 24 Wherein the etch stop layer 
comprises silicon, nitrogen and the carbon. 

28. Amethod of forming silicon nitride comprising incor 
porating carbon at a concentration of from about 2% to about 
20% (by Weight) Within the silicon nitride. 

29. The method of claim 28 Wherein the incorporating 
carbon comprises providing implanting carbon into the 
silicon nitride. 
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30. The method of claim 28 Wherein the silicon nitride is 
formed by CVD in a CVD reactor, and Wherein the incor 
porating carbon comprises providing a carbon-containing 
gas in the CVD reactor during formation of the silicon 
nitride. 

31. The method of claim 30 Wherein the carbon-contain 
ing gas comprises one or more of tetraethylorthosilicate, 
bis-(tertiary butyl amino)silane, methane, carbon dioxide, or 
carbon tetrachloride. 

32. A capacitor forming method, comprising: 

forming a Wordline over a substrate, the Wordline having 
a sideWall; 

forming an insulative spacer along the sideWall; 

forming an etch stop layer over the Wordline and over the 
insulative spacer; at least one of the etch stop layer and 
the insulative spacer comprising carbon; 

forming an insulative layer over the etch stop layer; 

etching through the insulative layer to the etch stop layer 
to form an opening through the insulative layer; and 

forming a capacitor construction comprising a storage 
node, dielectric layer and second electrode, at least a 
portion of the capacitor construction being Within the 
opening. 

33. The method of claim 32 Wherein the at least one of the 
etch stop layer and the sideWall spacer comprises from about 
2% carbon to about 20% carbon (by Weight). 

34. The method of claim 32 Wherein the sideWall spacer 
comprises silicon, oxygen and the carbon. 

35. The method of claim 32 Wherein the etch stop layer 
comprises silicon, oxygen and the carbon. 

36. The method of claim 32 Wherein the etch stop layer 
comprises silicon, nitrogen and the carbon. 

37. The method of claim 32 Wherein: 

the etch stop layer comprises silicon, nitrogen and the 
carbon; and 

the sideWall spacer consists essentially of silicon and 
oxygen. 

38. The method of claim 32 Wherein: 

the etch stop layer consists essentially of silicon and 
nitrogen; and 

the sideWall spacer comprises silicon, oxygen and carbon. 
39. The method of claim 32 Wherein the at least one of the 

etch stop layer and the sideWall spacer comprises silicon, 
oxygen and the carbon. 

40. The method of claim 32 Wherein the at least one of the 
etch stop layer and the sideWall spacer consists essentially of 
silicon, oxygen and the carbon. 

41. The method of claim 32 Wherein the at least one of the 
etch stop layer and the sideWall spacer comprises silicon, 
nitrogen and the carbon. 

42. The method of claim 32 Wherein the at least one of the 
etch stop layer and the sideWall spacer consists essentially of 
silicon, nitrogen and the carbon. 

43. A capacitor forming method, comprising: 

forming a Wordline over a substrate; 

de?ning a node proximate the Wordline; 

forming an etch stop layer over the Wordline, the etch stop 
layer comprising carbon; 
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forming an insulative layer over the etch stop layer; 

etching through the insulative layer to the etch stop layer 
to form an opening through the insulative layer; and 

forming a capacitor construction comprising a storage 
node, dielectric layer and second electrode, at least a 
portion of the capacitor construction being Within the 
opening. 

44. The method of claim 43 further comprising etching 
through the etch stop layer and to the node proximate the 
Wordline prior to forming the capacitor construction. 

45. The method of claim 43 Wherein the etch stop layer 
comprises from about 2% carbon to about 20% carbon (by 
Weight). 

46. The method of claim 43 Wherein the etch stop layer 
comprises silicon, oxygen and the carbon. 

47. The method of claim 43 Wherein the etch stop layer 
consists essentially of silicon, oxygen and the carbon. 

48. The method of claim 43 Wherein the etch stop layer 
comprises silicon, nitrogen and the carbon. 

49. The method of claim 43 Wherein the etch stop layer 
consists essentially of silicon, nitrogen and the carbon. 

50. A DRAM forrning method comprising: 

forming a pair of Wordlines over a substrate; 

de?ning three nodes proximate the Wordlines, the three 
nodes comprising a ?rst node, second node and third 
node; the second node being in gated electrical con 
nection With the ?rst node through one of the Wordlines 
and being in gated electrical connection With the third 
node through the other of the Wordlines; 

forming an etch stop proximate the Wordlines, the etch 
stop cornprising carbon; 

forming an insulative layer over the etch stop; 

forrning ?rst, second and third openings extending 
through the insulative layer, the forming the ?rst sec 
ond and third openings cornprising etching through the 
insulative layer to the etch stop; 

forming a ?rst capacitor construction in electrical con 
nection With the ?rst node; 

forming a second capacitor construction in electrical 
connection With the third node; and 

forming a bit line contact in electrical connection With the 
second node. 

51. The method of claim 50 Wherein the etch stop is 
formed over the Wordlines. 

52. The method of claim 50 Wherein the etch stop is 
formed adjacent the Wordlines as sideWall spacers along 
sideWall edges of the Wordlines. 

53. The method of claim 50 Wherein the etch stop 
cornprises silicon, oxygen and carbon. 

54. The method of claim 50 Wherein the etch stop 
cornprises silicon, oxygen and nitrogen. 

55. The method of claim 50 further comprising, before 
forming the ?rst capacitor construction, etching through the 
etch stop to expose the ?rst node. 

56. The method of claim 50 further comprising, before 
forming the bit line contact, etching through the etch stop to 
expose the second node. 
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57. The method of claim 50 further comprising, before 
forming the second capacitor construction, etching through 
the etch stop to expose the second node. 

58. The method of claim 50 Wherein the forming the ?rst, 
second and third openings occurs simultaneously in a corn 
rnon etch. 

59. The method of claim 50 Wherein the forming the at 
least one of the ?rst, second and third openings occurs 
sequentially in a separate etch from forming the others of the 
?rst, second and third openings. 

60. A serniconductive rnaterial assembly, comprising: 

a serniconductive substrate; and 

a layer over the serniconductive substrate, the layer corn 
prising silicon, nitrogen and carbon. 

61. The assembly of claim 60 Wherein the layer comprises 
from about 2% carbon to about 20% carbon (by Weight). 

62. The assembly of claim 60 Wherein the layer consists 
essentially of silicon, nitrogen and carbon. 

63. The assembly of claim 60 Wherein the layer consists 
essentially of silicon, nitrogen and carbon and comprises 
from about 2% carbon to about 20% carbon (by Weight). 

64. A Wordline construction, comprising: 

a conductive gate having sideWalls; and 

sideWall spacers extending along the sideWalls of the 
conductive gate, the sideWall spacers having thick 

nesses of less than or equal to about 500 65. The Wordline of claim 64 Wherein the sideWall spacers 

comprise from about 2% to about 20% carbon (by Weight). 
66. The Wordline of claim 65 Wherein the sideWall spacers 

further comprise silicon and oxygen. 
67. The Wordline of claim 65 Wherein the sideWall spacers 

further comprise silicon and nitrogen. 
68. A capacitor construction, comprising: 

a storage node extending Within an insulative layer, at 
least a portion of the storage node extending along and 
against a material that comprises carbon; 

a second electrode proximate the storage node; and 

a dielectric layer betWeen the second electrode and the 
storage node. 

69. The capacitor construction of claim 68 Wherein the 
material comprises from about 2% carbon to about 20% 
carbon (by Weight). 

70. The capacitor construction of claim 68 Wherein the 
material comprises silicon, oxygen and carbon. 

71. The capacitor construction of claim 68 Wherein the 
material comprises silicon carbide. 

72. The capacitor construction of claim 68 Wherein the 
material comprises silicon, oxygen and the carbon. 

73. The capacitor construction of claim 68 Wherein the 
material consists essentially of silicon, oxygen and the 
carbon. 

74. The capacitor construction of claim 68 Wherein the 
material comprises silicon, nitrogen and the carbon. 

75. The capacitor construction of claim 68 Wherein the 
material consists essentially of silicon, nitrogen and the 
carbon. 

76. A DRAM construction, comprising: 

a pair of Wordlines over a substrate, the Wordlines corn 
prising sideWall edges; 
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three nodes proximate the Wordlines, the three nodes 
comprising a ?rst node, second node and third node, the 
second node being in gated electrical connection With 
the ?rst node through one of the Wordlines and being in 
gated electrical connection With the third node through 
the other of the Wordlines; 

a carbon-containing material proximate the Wordlines; 

an insulative layer over the etch stop; 

a ?rst capacitor construction in electrical connection With 
the ?rst node, the ?rst capacitor construction compris 
ing a ?rst storage node; 

a second capacitor construction in electrical connection 
With the third node, the second capacitor construction 
comprising a second storage node; and 

a bit line contact in electrical connection With the second 
node, at least one of the ?rst storage node, second 
storage node and bit line contact being in physical 
contact With the carbon-containing material. 

77. The DRAM construction of claim 76 Wherein the 
carbon-containing material is over the Wordlines. 

78. The DRAM construction of claim 76 Wherein the 
carbon-containing material is over the Wordlines and com 
prises silicon, nitrogen and carbon. 
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79. The DRAM construction of claim 76 Wherein the 
carbon-containing material is adjacent the Wordlines as 
sideWall spacers along sideWall edges of the Wordlines. 

80. The DRAM construction of claim 76 Wherein the 
carbon-containing material is adjacent the Wordlines as 
sideWall spacers along sideWall edges of the Wordlines and 
comprises silicon, oxygen and carbon. 

81. The DRAM construction of claim 76 Wherein the 
carbon-containing material comprises silicon carbide. 

82. The DRAM construction of claim 76 Wherein the 
carbon-containing material comprises from about 2% car 
bon to about 20% carbon (by Weight). 

83. The DRAM construction of claim 76 Wherein the 
carbon-containing material comprises silicon, oxygen and 
carbon. 

84. The DRAM construction of claim 76 Wherein the 
carbon-containing material consists essentially of silicon, 
oxygen and carbon. 

85. The DRAM construction of claim 76 Wherein the 
carbon-containing material comprises silicon, oxygen and 
nitrogen. 

86. The DRAM construction of claim 76 Wherein the 
carbon-containing material consists essentially of silicon, 
oxygen and nitrogen. 

* * * * * 


