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(57) ABSTRACT 

A first electrode and a doped oxide layer laterally proximate 
thereof are provided over a substrate. A silicon nitride layer 
is formed over both the doped oxide layer and the first 
electrode to a thickness of no greater than 80 Angstroms 
over at least the first electrode by low pressure chemical 
vapor deposition using feed gases comprising a silicon 
hydride, H and ammonia. The substrate with silicon nitride 
layer is exposed to oxidizing conditions comprising at least 
700° C. to form a silicon dioxide layer over the silicon 
nitride layer, with the thickness of silicon nitride over the 
doped oxide layer being sufficient to shield oxidizable 
substrate material beneath the doped oxide layer from oxi 
dizing during the exposing. A second electrode is formed 
over the silicon dioxide layer and the first electrode. In one 
implementation, the chemical vapor depositing comprises 
feed gases of a silicon hydride and ammonia, with the 
depositing comprising increasing internal reactor tempera 
ture from below 500° C. to a maximum deposition tempera 
ture above 600° C. and starting feed of the silicon hydride 
into the reactor at a temperature less than or equal to 600° 
C. In one implementation the depositing comprises increas 
ing internal reactor temperature from below 500° C. to a 
maximum deposition temperature above 600° C. using a 
temperature ramp rate of at least 10°C/minute from at least 
500° C. to at least 600° C. Other aspects and implementa 
tions are described. 
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METHODS TO FORMELECTRONIC DEVICES 
AND METHODS TO FORMA MATERAL OVERA 

SEMCONDUCTIVE SUBSTRATE 

TECHNICAL FIELD 

0001. This invention relates to methods to form elec 
tronic devices, for example capacitors, antifuses, transistor 
gate and other constructions, and to methods to form a 
material over a semiconductive Substrate. 

BACKGROUND OF THE INVENTION 

0002. As the density of DRAM cells increases, there is a 
continuing challenge to maintain Sufficiently high Storage 
capacitance despite decreasing cell area. Additionally, there 
is a continuing goal to further decrease cell area. One 
principal way of increasing cell capacitance is through cell 
structure techniques. Such techniques include three-dimen 
sional cell capacitors, such as trenched or stacked capacitors. 
Yet as feature sizes continue to become Smaller and Smaller, 
development of improved materials for cell dielectrics as 
well as the cell design and structure become important. The 
feature size of higher density DRAMS, for example 256Mb, 
will be on the order of 0.25 micron and less. Such overall 
reduction in cell size drives the thickness of the capacitor 
dielectric layer to Smaller values, and conventional capacitor 
dielectric materials such as SiO, and SiN. might become 
unsuitable. However it would be desirable to utilize silicon 
oxides and nitrides in spite of the reduced thicknesses due to 
the ease of use and available thorough understanding to 
integrate these materials in DRAM process flows. Yet pro 
cessing associated with chemical vapor deposition of thin 
silicon nitride films in certain environments has also created 
other problems not directly associated with the capacitors. 
0003 For example, one prior art technique is the fabri 
cation of Stacked capacitors in a container shape within a 
borophosphosilicate glass layer (BPSG) to form the storage 
capacitors in DRAM circuitry. Here, a container opening is 
formed in a planarized layer of BPSG over a desired node 
location, typically in the form of a conductive polysilicon 
plug. The conductive electrode material is deposited to less 
than completely fill the opening, and then is typically 
chemical-mechanically polished back to provide a storage 
node electrode inside of the BPSG opening in the shape of 
a cup or container. Capacitor dielectric material is then 
provided over the storage node container, followed by 
deposition of a conductive cell plate layer which is subse 
quently patterned. 
0004 As circuitry integration and density increases, the 
corresponding dimensions and thicknesses of the various 
components also decreases. A typical capacitor dielectric 
layer in the above construction comprises a silicon dioxide/ 
silicon nitride/silicon dioxide composite (ONO). The first 
oxide layer formed over the storage node electrode is 
typically native oxide formed by exposure of the exposed 
storage node material to ambient air. Silicon nitride is next 
chemical vapor deposited, for example utilizing a silicon 
hydride Such as dichlorosilane and ammonia. Typical depo 
sition conditions are at Sub-Torr pressures and temperatures 
at or above 680° C., more typically above 700° C. The 
deposition process and the very thin nature of the typically 
deposited silicon nitride layer results in pin holes or other 
defects in the deposited layer. This is typically cured by a 
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dense re-oxidation process which forms the outer silicon 
dioxide layer of the ONO construction. The prior art re 
oxidation conditions for forming this outer oxide layer are 
conducted wet or dry at a temperature of from 800° C. to 
950° C. at atmospheric pressure for from 5 to 30 minutes. 
Subsequently, a conductive cell plate layer is deposited and 
patterned over the ONO dielectric layer(s). 

0005. However as the nitride thickness of the ONO 
construction over the storage node electrode fell to below 80 
Angstroms, it was discovered that the underlying bulk 
silicon Substrate was oxidizing to the point of circuit 
destruction. BPSG is known to be extremely diffusive to 
oxidizing components during the above-described re-oxida 
tion conditions. Silicon nitride, on the other hand, is known 
to form a good barrier layer to diffusion of Such oxidizing 
gases under Such conditions. Yet, the silicon nitride depos 
ited over the BPSG in conjunction with the capacitor dielec 
tric layer formation was apparently inadequate in shielding 
oxidation of substrate material underlying the BPSG when 
the deposited silicon nitride layer thickness for the capaci 
tors fell below 80 Angstroms. 

0006 The invention was principally motivated with 
respect to overcoming this problem to enable silicon nitride 
to continue to be utilized as a capacitor dielectric layer 
where its thickness fell to below 80 Angstroms in deposition 
also occurring over a doped oxide layer, such as BPSG. 

SUMMARY OF THE INVENTION 

0007. The invention comprises forming electronic 
devices, such as capacitors, antifuses, transistor gate and 
other constructions, and to methods of forming a material 
over a semiconductive Substrate. In but one implementation, 
a first electrode and a doped oxide layer laterally proximate 
thereof are provided over a substrate. A silicon nitride layer 
is formed over both the doped oxide layer and the first 
electrode to a thickness of no greater than 80 Angstroms 
over at least the first electrode by low pressure chemical 
vapor deposition using feed gases comprising a silicon 
hydride, H and ammonia. The substrate with silicon nitride 
layer is exposed to oxidizing conditions comprising at least 
700° C. to form a silicon dioxide layer over the silicon 
nitride layer, with the thickness of silicon nitride over the 
doped oxide layer being sufficient to shield oxidizable 
substrate material beneath the doped oxide layer from oxi 
dizing during the exposing. A second electrode is formed 
over the silicon dioxide layer and the first electrode. 
0008. In one implementation, the chemical vapor depos 
iting comprises feed gases of a silicon hydride and ammonia, 
with the depositing comprising increasing internal reactor 
temperature from below 500° C. to a maximum deposition 
temperature above 600° C. and starting feed of the silicon 
hydride into the reactor at a temperature less than or equal 
to 600° C. In one implementation the depositing comprises 
increasing internal reactor temperature from below 500° C. 
to a maximum deposition temperature above 600° C. using 
a temperature ramp rate of at least 500° C./minute from at 
least 500° C. to at least 600° C. In preferred implementa 
tions, the Substrate is rotating during deposition, with the 
depositing comprising increasing internal reactor tempera 
ture from below 500° C. to a maximum deposition tempera 
ture above 600° C. and starting the substrate to rotate prior 
to reaching the maximum deposition temperature. In one 
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implementation, rotation rate of the Substrate is reduced 
upon Substantially ceasing flow of at least one reactant gas 
to the reactor. In one implementation, rotation rate of the 
Substrate is reduced within 1 minute of Substantially ceasing 
flow of the at least one reactant gas to the reactor. 
0009. In one implementation, an inert cooling gas is 
flowed through a chemical vapor deposition reactor to cool 
a Substrate and deposited material after the deposition. 
0010. In one implementation, a doped oxide layer is 
provided over a substrate. The doped oxide layer is chemi 
cal-mechanical polished. After the chemical-mechanical 
polishing, the doped oxide layer is caused to flow in a 
process comprising at least two steps. A prior in time of the 
steps comprises an inert atmosphere at a temperature of at 
least about 700° C. A later in time of the steps comprises an 
ammonia comprising atmosphere at a temperature of at least 
about 700° C. and forms a silicon nitride layer over the 
doped oxide layer. 
0011. Other aspects and implementations are described 
below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 Preferred embodiments of the invention are 
described below with reference to the following accompa 
nying drawings. 

0013 FIG. 1 is a diagrammatic view of a semiconductor 
wafer fragment at one processing step in accordance with 
the invention. 

0014 FIG. 2 is a view of the FIG. 1 wafer at a processing 
step subsequent to that depicted by FIG. 1. 
0015 FIG.3 is a view of the FIG. 1 wafer at a processing 
step subsequent to that depicted by FIG. 2. 
0016 FIG. 4 is a view of the FIG. 1 wafer at a processing 
step subsequent to that depicted by FIG. 3. 
0017 FIG. 5 is a view of the FIG. 1 wafer at a processing 
step subsequent to that depicted by FIG. 4. 
0018 FIG. 6 is a diagrammatic depiction of a hot wall, 
vertical chemical vapor deposition reactor usable in a pro 
cess in accordance with the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0019. This disclosure of the invention is submitted in 
furtherance of the constitutional purposes of the U.S. Patent 
Laws to promote the progress of Science and useful arts 
(Article 1, Section 8). 
0020. It has been recognized that the chemical vapor 
deposition of silicon nitride utilizing silicon hydride gases 
and ammonia occurs at different rates over the storage node 
electrode of a DRAM capacitor (including any thin oxide 
formed thereover) and doped oxides. Specifically, such 
deposition of silicon nitride is largely selective to the storage 
node (typically polysilicon), and regardless is at a consid 
erably greater growth rate than what occurs over the BPSG 
or other doped oxide layers. Accordingly, as the silicon 
nitride layer thickness over the storage node fell to below 80 
Angstroms, an apparent lesser quantity growing over the 
doped oxide layer resulted in a layer too thin to achieve the 
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barrier layer effect during the subsequent re-oxidation to 
form the outer oxide layer of the capacitor dielectric ONO 
composite. Several processing solutions in accordance with 
the invention have been developed. 
0021 Referring to FIG. 1, a semiconductor wafer frag 
ment or substrate is indicated generally with reference 
numeral 10. To aid in interpretation of the claims that follow, 
the term “semiconductive substrate' is defined to mean any 
construction comprising semiconductive material, includ 
ing, but not limited to, bulk semiconductive 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 “substrate” refers to any support 
ing structure, including, but not limited to, the semiconduc 
tive substrates described above. 

0022. Fragment 10 comprises a bulk monocrystalline 
silicon substrate 12 having a diffusion region 14 formed 
therein. Field oxide region 16 and a gate oxide layer 18 are 
formed over bulk substrate 12. A pair of word lines 20 and 
22 are formed on opposing sides of diffusion region 14. A 
conductive polysilicon plug 24 is provided over and in 
electrical connection with diffusion region 14. A layer 26 of 
doped oxide, preferably BPSG, is provided over the illus 
trated component, and formed to have a container storage 
node opening 28 provided therein over plug 24. A conduc 
tively doped, and preferably hemispherical grain, polysili 
con layer has been formed over the substrate to within 
container opening 28. Such has been planarized back to form 
the illustrated isolated first capacitor electrode 30, with 
doped oxide layer 26 being positioned laterally proximate 
thereof. 

0023 Referring to FIG. 2, a silicon dioxide layer 32 can 
be formed on first capacitor electrode 30, such as by 
exposing the Substrate to ambient air to form a native oxide 
layer or by CVD or other deposition. Regardless, an exem 
plary thickness for layer 32 is 20 Angstroms. A silicon 
nitride layer will subsequently be formed, as described 
below. 

0024 Referring to FIG. 3, a silicon nitride layer 34 is 
formed over both doped oxide layer 26 and first capacitor 
electrode 30 to a thickness of no greater than 80 Angstroms 
over at least first capacitor electrode 30. Several aspects and 
implementations for forming layer 34 are possible as 
described below. Various of the implementations could be 
utilized alone or in any combination with other implemen 
tations as will be appreciated by the artisan. Further, such 
can incorporate any of the methods and implementations 
described in U.S. patent application Ser. No. by 
Randhir P. S. Thakur, entitled “Methods of Forming Elec 
tronic Devices” and filed commensurate with the filing of 
this application, and which is hereby incorporated by refer 
CCC. 

0025 Provision of layer 34 preferably comprises chemi 
cal vapor deposition using feed gases comprising a silicon 
hydride and ammonia, and more preferably low pressure 
chemical vapor deposition which is substantially void of 
plasma. In the context of this document, “low pressure 
chemical vapor deposition' is intended to define any chemi 
cal vapor deposition process occurring at or below 700 Torr. 
Processing in accordance with the above identified applica 
tion filed on the same date as this application, and in 
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accordance with this application, is intended to result in less 
selectivity of the deposition between exposed polysilicon (or 
thin oxide formed thereover) and undoped oxide of layer 26. 
Accordingly, a suitably thick layer 34 is intended to be 
deposited over the doped oxide to effectively preclude 
oxidation of oxidizable material beneath layer 26 during a 
subsequent oxidation of the silicon nitride layer. Layer 34 
will also typically deposit to a thickness of less than 80 
Angstroms over doped oxide layer 26, and still perhaps to a 
thickness lower than the thickness of the silicon nitride layer 
deposited over first capacitor electrode 30. Further, silicon 
nitride layer formation over first capacitor electrode 30 can 
be to a thickness of no greater than 60 Angstroms in 
accordance with a desired capacitor construction. 
0026. As shown, first capacitor electrode 30 is not out 
wardly exposed during the formation of silicon nitride layer 
34 thereover, rather being covered by oxide layer 32. Alter 
nately and perhaps more preferred, first capacitor electrode 
30 is void of layer 32, and is outwardly exposed during the 
formation of the silicon nitride layer 34 thereover, with the 
silicon nitride layer being formed on doped first capacitor 
electrode 30. Also as shown and preferred, the silicon nitride 
layer forms on the doped oxide layer as opposed to on any 
intervening layer. 

0027. In but one implementation for depositing silicon 
nitride layer 34, internal reactor temperature is increased 
from below 500° C. to some maximum deposition tempera 
ture above 600° C., with the starting of the feed of the silicon 
hydride into the reactor occurring at Some temperature less 
than or equal to 600° C. Preferred pressure during process 
ing is from 1000 to 2000 Torr, with the preferred maximum 
deposition temperature being 600° C. Typical prior art 
processing achieves a maximum deposition temperature of 
between 640° C. and 700° C., where ammonia flow is 
initially provided with the flow of dichlorosilane and does 
not occur until maximum deposition temperature is reached. 
Starting the feed of silicon hydride into the reactor at a 
temperature of less than or equal to about 600° C. in 
accordance with an aspect of the invention facilitates nitride 
layer deposition and reduction in the selectivity of such 
deposition relative to polysilicon or undoped oxide as com 
pared to doped oxide layer 26. More preferably, feed of the 
silicon hydride into the reactor is started at a temperature of 
less than or equal to 550°C., with less than or equal to 500 
C. being even more preferred. Ammonia feed to the reactor 
also preferably occurs at a temperature of less than or equal 
to 600° C. The temperature then preferably ramps continu 
ously upward to achieve the maximum deposition tempera 
ture. 

0028. In one implementation, the depositing comprises 
increasing internal reactor temperature from below 500° C. 
to a maximum deposition temperature above 600° C. using 
a temperature ramp rate of greater than 10°C/min from at 
least 500° C. to at least 600° C. The temperature ramp rate 
is preferably no greater than 100° C./min from at least 500 
C. to at least 600° C. Preferably, the temperature ramp rate 
of greater than 10° C./min starts from a temperature below 
500° C. and continues to a temperature above 600° C., and 
more preferably continues until reaching the maximum 
deposition temperature. Prior art processing achieves a tem 
perature ramp rate up to the maximum deposition tempera 
ture of between 8° C. to 10° C. per minute. Increasing the 
ramp rate above 10°C. achieves an unexpected result of less 
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selectivity in the silicon nitride layer deposition, and achiev 
ing better radial uniformity across a wafer Surface during the 
deposition. 

0029. In another implementation, the substrate is rotating 
during deposition and is started to rotate prior to reaching a 
maximum deposition temperature above 600° C. Preferably, 
the substrate is started to rotate prior to the reactor tempera 
ture reaching 600° C., and upon commencing initial feed of 
the silicon hydride to the reactor at below 600° C. A 
preferred wafer rotation speed is from 5 to 10 rpm. In the 
prior art deposition, wafer rotation wasn't commenced until 
achieving a maximum deposition temperature of at least 
640° C. and immediately prior to or commensurate with 
reactant gas injection. Commencing rotation in accordance 
with this implementation of the invention achieves less 
selectivity in the deposition and more radial uniformity in 
the deposition across the Substrate. 

0030. In another implementation, rotation rate of the 
Substrate is reduced upon Substantially ceasing flow of at 
least one of the silicon hydride and ammonia to the reactor 
at the Substantial conclusion of the deposition. An example 
rotation rate range during depositing and after a speed 
reduction is from about 3 rpm to 15 rpm. The rotation rate 
is preferably reduced by at least 50% to 70% of that rate 
immediately prior to Substantially ceasing flow of the at least 
one of the silicon hydride and ammonia to the reactor. Also 
preferably, the reducing is to some constant layer rate which 
is maintained for at least 1 to 2 minutes, such as during 
initial wafer cooling. The rotation rate is preferably reduced 
upon substantially ceasing flow of the silicon hydride to the 
reactor, which is also preferably commensurate with ceasing 
flow of the ammonia to the reactor. 

0031. In one implementation, rotation rate of the sub 
strate is reduced within 1-2 minutes of Substantially ceasing 
flow of at least one of the silicon hydride and ammonia to the 
reactor. More preferably, such rotation reduction occurs 
within 30 to 60 seconds of the flow stoppage. Reducing can 
occur before or after substantially ceasing flow of at least 
one of the reactant gases, and preferably occurs upon/ 
commensurate with ceasing flow of at least one of the 
reactant gases as described above. The prior is understood to 
maintain a constant rotation rate of about 5 rpm upon 
reaching maximum deposition temperature and continuing 
Such rate after ceasing flow of the reactant gases and 
throughout cooling of the wafers. Processing in accordance 
with the immediately above-described preferred implemen 
tations has the effect of improving 17 the radial uniformity 
across the wafer during deposition. Rotation facilitates con 
trol of depletion of the reactant species across the wafer and 
across the load. 

0032. In accordance with another implementation, low 
pressure chemical vapor deposition of layer 34 utilizes feed 
gases comprising a silicon hydride, H and ammonia. The 
H, is preferably injected to within the reactor during the 
deposition as an N/H mix. The H is preferably added in 
addition to existing preferred flows of ammonia and silane 
at a preferred 3:1 or greater volumetric ratio. The prior art 
has not provided a separate feed of H gas to the reactor. 
Provision of such in accordance with this implementation 
achieves less selectivity in the silicon nitride layer deposi 
tion and more radial uniformity in the deposition across the 
wafer. 
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0033. A further considered deposition process for layer 
35 is described with reference to FIG. 6. This depicts a 
vertical, hot wall chemical vapor deposition reactor 50 
having a plurality of substrates 10 oriented horizontally 
therein. Chemical vapor depositing in accordance with this 
aspect of the invention comprises injecting silicon hydride to 
within the reactor at multiple spaced locations 52, positioned 
proximate spaced wafers of the plurality of wafers being 
deposited upon. Ammonia and H can also be injected from 
multiple locations, but are preferably injected to within the 
reactor at only single respective locations, as shown. The 
prior art processing and provision of dichlorosilane to the 
reactor in conjunction with the silicon nitride layer deposi 
tion having the problems to which this invention is directed 
to overcoming only provides silane injection at/from a single 
location at the bottom of the reactor. Provision of the less 
mobile silicon hydride from multiple spaced locations posi 
tioned proximate spaced wafers within the reactor has the 
effect of achieving less selectivity in the nitride layer depo 
sition, and potentially more radial uniformity in the depo 
sition across the wafer. 

0034. In accordance with another implementation, the 
doped oxide layer is caused to flow in a process comprising 
at least two steps. The flowing is preferably conducted after 
all chemical-mechanical polishing or other removal pro 
cesses has occurred relative to the outermost Surface of layer 
26. A prior in time of the flowing steps comprises an inert 
atmosphere at a temperature of at least about 700° C. 
Preferred conditions are flowing N, and/or Arat a tempera 
ture of from about 950° C. to 1050° C. at atmospheric 
pressure for from about 10 to 30 seconds. A later in time of 
the steps comprises feeding ammonia at a temperature of at 
least 700° C. which forms a silicon nitride layer at least over 
doped oxide layer 26. Preferred temperature, pressure and 
time of processing conditions are as immediately described 
above with respect to the inert atmosphere. Such flow/reflow 
processing in accordance with the invention will either form 
a suitably thick silicon nitride layer to preclude oxidation of 
substrate material beneath oxide layer 26 during later pro 
cessing, or at least form a suitably thick initiating seed layer 
for achieving a suitably thick silicon nitride layer by sub 
sequent deposition for complete fabrication of silicon nitride 
layer 34. Flowing of doped oxide layer 26 might also be 
conducted prior to chemical-mechanical polishing or any 
other planarizing of the outer surface thereof. 
0035) In accordance with another implementation and at 
the conclusion of the deposition, an inert cooling gas is 
flowed through the reactor to cool the substrate and depos 
ited material. Preferably, pressure within the reactor during 
Such cooling is greater than one atmosphere. Prior art 
processes for cooling the wafers flow cooling gas externally 
of the reactor to cool the reactor walls, which ultimately 
results in wafer cooling. Flowing an inert cooling gas 
directly through the reactor to cool the substrate and depos 
ited silicon nitride layer achieves more radial uniformity in 
Such layer across the wafer. 
0.036 Referring again to FIG. 4, the substrate is exposed 
to oxidizing conditions comprising at least 700° C. to form 
a silicon dioxide comprising layer 36 over silicon nitride 
layer 34. The thickness of silicon nitride layer 34 over doped 
oxide layer 26 is sufficient to shield oxidizable substrate 
material beneath doped oxide layer 26 (i.e., bulk substrate 
material 12) from oxidizing during the re-oxidation expo 
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sure. An example and preferred thickness for layer 36 is 
from 10 to 15 Angstroms on the nitride surface. Example 
wet oxidation conditions (i.e., in the presence of steam) or 
dry oxidation conditions (i.e., in the presence of oxygen) 
include exposure at from 800° C.-950° C. in an atmospheric 
furnace for from 5 to 30 minutes. 

0037 Referring to FIG. 5, a second capacitor electrode 
layer 38 (i.e., conductively doped polysilicon) is deposited 
and patterned to form a second capacitor electrode over 
silicon dioxide layer 36 and first capacitor electrode 30. 
Such provides but one example method in accordance with 
the invention for producing an adequately thick layer of 
silicon nitride over BPSG layer 26 in spite of thickness of 
Such layer at least over storage node layer 30 being less than 
80 Angstroms thick. 

0038 Again, the invention was principally motivated 
from problems associated with capacitor fabrication where 
silicon nitride layer thickness in an ONO construction fell 
below 80 Angstroms, with the Substrate also comprising 
outwardly exposed boron and/or phosphorus doped silicate 
glass. Aspects of the invention are also believed applicable 
in fabrication of other electronic devices and materials, with 
the invention only being limited by the accompanying 
claims appropriately interpreted in accordance with the 
Doctrine of Equivalents. By way of example only, example 
alternate constructions include antifuses and transistor gates. 
For example, the invention contemplates fabrication of 
silicon nitride layers, such as described above, to comprise 
at least a portion of a dielectric layer separating two antifuse 
electrodes. Further, methods in accordance with the inven 
tion could also be utilized to fabricate gate dielectric layers, 
such as layer 18 of the FIGS. 1-13 above-described embodi 
ments. Further, the invention contemplates processing of 
dielectric layers in the context of floating gate fabrication, 
with the subject dielectric layer forming either the typical 
top and/or bottom dielectric layer(s) utilized in floating gate 
constructions. 

0039. Further, the invention contemplates methods of 
forming electronic devices incorporating a high K dielectric 
layer construction. In the context of this document, “high K” 
is intended to define a dielectric layer having a dielectric 
constant K of at least 15. By way of example only, such 
materials include (Ba, Sr)TiO, SrTiO, (Pb, Zr)TiO, 
TaOs, and NbO s. Nitride layers formed in accordance 
with the invention, such as described above, can form useful 
passivation and other purpose layers when formed on high 
K dielectric layers utilized in electronic devices incorporat 
ing high K dielectric layers and another conductive compo 
nent, such as for example capacitors in antifuse construc 
tions. 

0040 Aspects of the invention are also contemplated 
outside of formation of electronic devices as described in the 
preferred embodiments above. Specifically, reducing rota 
tion rate of the Substrate upon Substantially ceasing flow of 
one reactant gas into the reactor, or within 1 to 2 minutes of 
doing so, is usable in formation of various materials over 
semiconductor Substrates by chemical vapor deposition. The 
same is also applicable to flowing of an inert cooling gas 
through the chemical vapor deposition reactor at the con 
clusion of deposition. Further, doped oxide flow or reflow in 
a layer comprising at least two steps as described above and 
claimed after chemical-mechanical-polishing is also con 
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templated outside of fabrication of an electronic device 
comprising two conductive electrodes having a silicon 
nitride layer positioned therebetween. 
0041. In compliance with the statute, the invention has 
been described in language more or less specific as to 
structural and methodical features. It is to be understood, 
however, that the invention is not limited to the specific 
features shown and described, since the means herein dis 
closed comprise preferred forms of putting the invention 
into effect. The invention is, therefore, claimed in any of its 
forms or modifications within the proper scope of the 
appended claims appropriately interpreted in accordance 
with the doctrine of equivalents. 

1-47. (canceled) 
48. A method of forming a material over a semiconductive 

Substrate comprising: 
chemical vapor depositing a material over a semiconduc 

tive Substrate within a reactor using at least one reactant 
gas while the Substrate is rotating; and 

reducing rotation rate of the Substrate upon Substantially 
ceasing flow of the at least one reactant gas to the 
reactOr. 

49. The method of claim 48 wherein the chemical vapor 
depositing comprises low pressure chemical vapor deposi 
tion. 

50. The method of claim 48 wherein the chemical vapor 
depositing comprises low pressure chemical vapor deposi 
tion Void of plasma. 

51. The method of claim 48 wherein the rotation rate is 
reduced by at least 50% of that immediately prior to sub 
stantially ceasing flow of the at least one reactant gas to the 
reactOr. 

52. The method of claim 48 wherein said reducing is to 
Some constant lower rate which is maintained for at least 1 
minute. 

53. The method of claim 48 wherein flow of all reactant 
gases fed to the reactor is ceased at Substantially the same 
time. 

54-59. (canceled) 
60. A method of forming a material over a semiconductive 

Substrate comprising: 
chemical vapor depositing a material over a semiconduc 

tive Substrate within a reactor using at least one reactant 
gas while the Substrate is rotating; and 

reducing rotation rate of the substrate within 2 minutes of 
Substantially ceasing flow of the at least one reactant 
gas to the reactor. 
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61. The method of claim 60 wherein the reducing occurs 
within 60 seconds of substantially ceasing flow of the at least 
one reactant gas to the reactor. 

62. The method of claim 60 wherein the reducing occurs 
commensurate with or after substantially ceasing flow of the 
at least one reactant gas to the reactor. 

63. The method of claim 60 wherein the reducing occurs 
after Substantially ceasing flow of the at least one reactant 
gas to the reactor. 

64. The method of claim 60 wherein the reducing occurs 
before substantially ceasing flow of the at least one reactant 
gas to the reactor. 

65. The method of claim 60 wherein the rotation rate is 
reduced by at least 50% of that immediately prior to starting 
said reducing. 

66. The method of claim 60 wherein said reducing is to 
Some constant lower rate which is maintained for at least 1 
minute. 

67. The method of claim 60 wherein the reducing occurs 
commensurate with or after substantially ceasing flow of the 
at least one reactant gas to the reactor, and the reducing is to 
Some constant lower rate which is maintained for at least 1 
minute. 

68. The method of claim 60 wherein the reducing occurs 
after Substantially ceasing flow of the at least one reactant 
gas to the reactor, and the reducing is to some constant lower 
rate which is maintained for at least 1 minute. 

69-76. (canceled) 
77. A method of forming a material over a semiconductive 

Substrate comprising: 

chemical vapor depositing a material over a semiconduc 
tive Substrate within a reactor using at least one reactant 
gas, and 

flowing an inert cooling gas through the reactor to cool the 
Substrate and deposited material. 

78. The method of claim 77 wherein pressure within the 
reactor during the cooling is greater than 1 atmosphere. 

79. The method of claim 77 wherein the chemical vapor 
depositing is low pressure chemical vapor deposition. 

80. The method of claim 77 wherein the chemical vapor 
depositing is low pressure chemical vapor deposition, and 
pressure within the reactor during the cooling is greater than 
1 atmosphere. 

81-89. (canceled) 


