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An exemplary embodiment of the present invention dis 
closes a method for forming a storage capacitor for a 
memory device, by the steps of: forming a bottom electrode 
of the storage capacitor over a BoroPhosphoSilicate Glass 
(BPSG) layer; forming a storage capacitor dielectric layer 
over the bottom electrode, the storage capacitor dielectric 
layer consisting of a nitride layer that is 50 A or less in 
thickness; exposing the nitride dielectric layer to heat during 
a ?rst stage rapid thermal oxidation step at a ?rst tempera 
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STRUCTURAL INTEGRITY ENHANCEMENT OF 
DIELECTRIC FILMS 

FIELD OF THE INVENTION 

[0001] This invention relates to semiconductor fabrication 
processing and more particularly to a method for increasing 
the overall reliability of dielectric ?lms used in semicon 
ductor devices, such as dynamic random access memories 

(DRAMs). 
BACKGROUND OF THE INVENTION 

[0002] In the manufacturing of dynamic random access 
memories (DRAMs) the siZe of the memory cell is the main 
contributing factor to the density and overall siZe of the 
device. A manufacturer of DRAMs has motivation to 
increase the storage capability, While maintaining the small 
est die siZe possible, as the smaller die siZe results in a loWer 
cost per device. As mentioned, the main contributor to the 
siZe of a memory device is the amount of space required for 
each storage cell that makes up the storage array. In that 
regard, DRAM fabrication engineers have focused on stor 
age cell structures, on materials to make the structures and 
on methods to fabricate the structures necessary to make a 
storage cell. 

[0003] To save space, the capacitor of the storage cell must 
reduce in siZe and yet maintain adequate capacitance to 
retain a suf?cient charge during DRAM operation. There are 
several approaches to the capacitor design, for example 
trench capacitors formed in the substrate of a Wafer or a 
stacked capacitor formed above the Wafer substrate, to name 
tWo. Regardless of the design chosen, there is a great 
incentive to minimiZe the physical siZe of the capacitor and 
yet maintain suf?cient capacitance as mentioned previously. 
TWo of the main contributors to capacitance are the surface 
area of the capacitor plates and the dielectric quality of the 
insulator separating the capacitor plates. 

[0004] Major engineering efforts have gone into both of 
the areas. In regards to dielectric quality, thin ?lm dielectrics 
having high dielectric constant characteristics have emerged 
as the dielectric of choice, as the thinnest ?lm that can be 
placed betWeen the capacitor plates that Will prevent dielec 
tric breakdoWn When a charge is present on the capacitor 
plates drastically increases capacitance. With increased 
capacitance, the overall siZe of the capacitor can be reduced. 
HoWever, thin ?lm dielectrics present some challenges in 
fabricating the complete storage cell structure, Which 
includes a storage cell access transistor and a storage capaci 
tor. 

[0005] One of the thin dielectric ?lms of choice is nitride 
(i.e., silicon nitride) as nitride possesses sufficient dielectric 
constant characteristics and can be deposited as a very thin 
layer (<100 HoWever a nitride ?lm of this thickness must 
be conditioned is some manner to plug any pinholes in the 
?lm and thus maintain the dielectric integrity of the entire 
?lm. Therefore, neW challenges to condition the thin ?lm 
arise once a nitride ?lm that is 50 A or less in thickness is 
desired. The present invention presents methods to success 
fully address these neW challenges, as Will become apparent 
to those skilled in the art from the folloWing disclosure. 

SUMMARY OF THE INVENTION 

[0006] The present invention teaches a method for reduc 
ing the diffusing of oxygen atoms through a dielectric ?lm 
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during a semiconductor fabrication process. This method 
uses a thin dielectric layer that is of such thickness that may 
alloW oxygen atoms to diffuse completely through it. Then 
the thin dielectric layer is exposed to a Wet oxidation during 
a rapid thermal oxidation step. The rapid thermal oxidation 
step is performed at a temperature and time duration Which 
are suf?cient to oxidiZe the thin dielectric layer to prevent 
the diffusion of a majority of oxygen atoms through it, and 
at the same time maintain the dielectric integrity or original 
dielectric characteristics of the thin ?lm. 

[0007] One implementation of the present invention is to 
utiliZe a nitride dielectric layer that is 50 A or less in 
thickness for the intended use as a storage capacitor dielec 
tric. The nitride dielectric layer is exposed to Wet oxidation 
during a rapid thermal oxidation step. This rapid thermal 
oxidation step is performed at a temperature range and a 
time duration Which are suf?cient to oxidiZe the nitride 
dielectric layer to prevent the diffusion of a majority of 
oxygen atoms through the nitride dielectric layer and to 
maintain the nitride layer’s dielectric integrity. 

[0008] A second implementation of the present invention 
comprises as tWo stage RTP process that is suf?cient to 
oxidiZe nitride dielectric layer, to prevent the diffusion of a 
majority of oxygen atoms through the nitride dielectric 
layer, to effectively ?ll the pinholes for leakage current 
reduction and to maintain the dielectric integrity throughout 
the ?lm by ?rst forming Weak spots (?rst stage) and then 
healing them (second stage). If a given process does not use 
a re?oWable material underneath the nitride layer then the 
?rst stage oxidation step could be eliminated and only the 
second stage oxidation step be implemented. 

[0009] This method provides a Way to effectively utiliZe a 
thin dielectric ?lm layer that is 50 A or less in thickness as 
a storage capacitor dielectric Which Will possess suf?cient 
dielectric characteristics to hold a required charge. This 
method can be applied to other devices that Would bene?t 
from the use of a thin dielectric ?lm, such as a ?oating gate 
device, that operates by storing a charge. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a cross-sectional vieW depicting a semi 
conductor substrate comprising portions of a memory stor 
age cell having a storage cell access transistor and a bottom 
electrode for a storage capacitor. 

[0011] FIG. 2 is a subsequent cross-sectional vieW taken 
from FIG. 1 after the formation of a thin dielectric material, 
being 50 A or less in thickness, over the bottom electrode 
and over a bordering material. 

[0012] FIG. 3 is a subsequent cross-sectional vieW taken 
from FIG. 2 folloWing oxidation of the thin dielectric 
material. 

[0013] FIG. 4 is a subsequent cross-sectional vieW taken 
from FIG. 3 folloWing the formation of a top electrode for 
the storage capacitor. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0014] An exemplary implementation of the present 
invention is directed to a process for enhancing the integrity 
of dielectric ?lms used in a semiconductor device as 
depicted in FIGS. 1-4. 
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[0015] The following exemplary implementation is in 
reference to the fabrication of dynamic random access 
memory (DRAM) device. While the concepts of the present 
invention are conducive to the fabrication of DRAMs, the 
concepts taught herein may be applied to other semiconduc 
tor devices that Would likeWise bene?t from the use of a thin 
dielectric ?lm that Will substantially reduce the diffusion of 
oxygen atoms through the thin dielectric ?lm. Therefore, the 
depiction of the present invention in reference to the manu 
facture of a DRAM (the preferred embodiment), is not 
meant to limit the extent to Which one skilled in the art might 
apply the concepts taught hereinafter. 

[0016] Referring to FIG. 1, a semiconductive substrate 
10, such as a silicon Wafer, is prepared for the processing 
steps of the present invention. Transistor gate conductors 
(Word lines) 12 and the transistor diffusion regions 11 are 
formed by conventional DRAM fabrication methods. A 
material 13a and 13b, such as one that may be re?oWed at 
an elevated temperature (re?oW temperature) is formed over 
implanted source and drain regions 11 and Word lines 12. In 
one exemplary implementation, material 13a and 13b is a 
re?oWable glass, such as BoroPhosphoSilicate Glass 
(BPSG). The given process used Will set the temperature at 
Which the BPSG is originally placed. (For the sake of this 
discussion the temperature to place the BPSG is de?ned as 
the “initial process temperature.”) A cavity is patterned and 
etched into material 13a to receive conductive plug 14, such 
as metal or conductively doped polysilicon. BPSG (material 
13a and 13b) is then deposited and densi?ed. Acontact hole 
is etched in BPSG material 13b to form a cavity doWn to 
plug 14 that is lined With material 15. In this cavity, material 
15, a conductive material such as a conductively doped 
polysilicon or hemispherical-grained (HSG) silicon, is 
deposited and patterned to form a bottom plate of a storage 
capacitor. 

[0017] Referring to FIG. 2, a thin layer of dielectric 
material 16 that is 50 A or less in thickness is formed to 
cover material layer 13b and conductive material 15. If the 
dielectric integrity of dielectric material 16 can be main 
tained at this thickness, the ?nished capacitor Will possess 
enhanced capacitance. HoWever, due to the nature of the 
deposition process, the thickness of layer 16 on top of layer 
13b is typically less than 65% of its thickness on layer 15, 
as illustrated in FIG. 2. In some cases the deposition is 
actually selective to layer 15, meaning there is basically no 
deposition of the material (layer 16) on layer 13b While there 
may be up to 50 A of material (layer 16) deposited on layer 
15. 

[0018] The present invention provides a method to alloW 
the use of 50 A or less dielectric ?lm. For example, in a 
preferred implementation, the thin dielectric material 16 is a 
layer of nitride that is deposited to a thickness of 50 A, as 
illustrated in FIG. 2. Seen in FIG. 2, the thickness of portion 
of layer 16 on layer 15 is approximately 65% thicker than 
the portion of layer 16 on layer 13b. HoWever, When trying 
to utiliZe a thin 50 A dielectric ?lm for dielectric material 16 
several issues must be addressed. 

[0019] A 50 A nitride does not provide a suf?cient barrier 
to prevent oxygen atoms from diffusing through (knoWn in 
the art as oxidation punchthrough) the nitride layer overly 
ing BPSG material 13b. Oxidation punchthrough refers to 
the mechanism of atomic oxygen diffusing completely 
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through the nitride ?lm 16 and diffusing all the Way through 
BPSG 13a and 13b alloWing oxygen atoms to reach 
implanted regions 11. The oxygen diffusion results in oxi 
dation of the implanted source/drain regions 11, of polysili 
con plug 14 and on the outside edges of layer 15 that borders 
BPSG material 13b. Oxidation in these areas Will lead to 
increased contact resistance due to the smaller contact area. 

[0020] A thin nitride ?lm, such as a ?lm that is approxi 
mately 80-150 A, Would effectively prevent damaging oxi 
dation punchthrough. HoWever, nitride ?lms inherently con 
tain pinholes and dangling silicon bonds, Which diminish the 
dielectric integrity of the entire ?lm. Conventionally, in 
order to ?ll pinholes and to passify the dangling silicon 
bonds, the ?lm is subjected to a Wet oxidation ambient, at a 
moderate temperature (700-850° C.), for a prolonged period 
of time (20-90 minutes) While in an atmospheric furnace. 
This results in a leakage current reduction in the thin 
dielectric ?lm and a reliability improvement. 

[0021] Oxygen atom diffusion is Worse for a loW tempera 
ture process due to the long processing time required, but 
because the dielectric ?lm is thick enough to act as an 
effective barrier to the oxygen atoms, this approach Works. 
Using a higher oxidation temperature (greater than 800° C.) 
Will help to reduce the diffusion of oxygen atoms as the 
required oxidation groWth Will occur faster. HoWever, using 
higher oxidation temperatures Will cause other less desirable 
results. 

[0022] A fundamental problem caused by using a higher 
oxidation temperature is that oxidation at a higher tempera 
ture and for an extended period of time Will cause conduc 
tive dopants (typically arsenic, phosphorus and boron), 
present in the implanted regions of the underlying transis 
tors, to diffuse into areas outside the intended implanted 
regions (Which Will adversely affect transistor characteris 
tics). In addition to avoiding oxidation of underlying struc 
tures, a second obstacle to integrating dielectric ?lms that 
are 50 A or less in thickness is maintaining acceptable 
reliability. High temperature process steps folloWing capaci 
tor formation Will cause the underlying BPSG layer to 
re?oW in a manner similar to molten glass. Once this occurs, 
the overlying nitride layer is susceptible to damage due to 
the thinning nature of the nitride ?lm directly the BPSG. The 
thin areas in the nitride ?lm (Weak spots) make the ?lm 
prone to cracking after the BPSG has settled, Which leads to 
reliability problems With the resulting capacitor. 

[0023] As integrated circuit dimensions are reduced it 
becomes important to reduce the process temperature and 
time to limit diffusion of the dopants in the extremely small 
devices. The constraints on the time for feature siZes less 
than 0.15u are extremely rigid. The process temperature for 
a batch furnace process must be less than 800° C. for proper 
transistor operation. 

[0024] Therefore, When dealing With a dielectric ?lm that 
is 50 A or less in thickness, a typical method of using a loW 
oxidation temperature (less than 800° C.) is not feasible due 
to the tendency for massive oxidation of the underlying 
doped layers previously mentioned and due to the formation 
of Weak spots in the thin dielectric resulting from the high 
temperature (typically greater than 900° C.) required for 
post capacitor formation for dopant activation and BPSG 
re?oW. Also, raising the temperature in a conventional 
furnace above 800° C. results in excess dopant diffusion, due 
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to the inherently large thermal budget of such a process. For 
processes With the minimum feature siZes less than 0.2u, the 
amount of time spent at elevated temperatures must be 
minimized. In order to maintain dielectric integrity (main 
taining high dielectric constant characteristics across the 
entire dielectric layer) an oxidation process is performed on 
dielectric material 16, in accordance With the present inven 
tion, that avoids the problems With oxidation of underlying 
structures and unWanted diffusion of conductive dopants 
from implanted regions, and Which provides the required 
structure reliability. 

[0025] Referring to FIG. 3, the structure of FIG. 2 is 
subjected to an oxidation process that is different than the 
typical oxidation technique used on thicker dielectric layers 
(typically, 65 A or thicker nitride ?lms). During the oxida 
tion process, it is preferred that the dielectric material 16 (or 
nitride layer as in this example) is subjected to a ?rst stage 
rapid thermal processing (RTP) oxidation step at an elevated 
temperature (equal to or greater than 850° C., greater than 
the initial process temperature and greater than the highest 
temperature that is required in the remaining process ?oW), 
for a time period of less than 60 seconds, in order to cause 
the underlying material 13, to re?oW and stabiliZe. It is 
preferred that the ?rst stage oxidation temperature be in the 
range of 850° C.-1050° C. and be at least 10° C. greater than 
highest temperature used in a given process. This high 
temperature Will cause any Weak spots in the overlying 
nitride ?lm to form. It is preferred the initial oxidation step 
is preformed for approximately 20 seconds at 950° C. in 
order to provide extra margin in avoiding oxidation punch 
through. Due to the fact that an RTP system is being used, 
temperature ramp times do not play a signi?cant part in the 
process and thus can be ignored. 

[0026] Next, the temperature is reduced at a rate of greater 
than 30° C./second to subject the nitride ?lm to Wet oxida 
tion during a second stage RTP oxidation step. The second 
stage RTP oxidation step is performed at a temperature that 
is at least 10° C. less than ?rst stage oxidation temperature 
and that the second stage oxidation is conducted at tempera 
ture ranging from 810° C. to 1040° C. and for a time 
duration of less than three minutes. The steam can be 
obtained by any typical method (i.e., bubbled, pyrogenically 
(H2:O2) or a catalytic method). It is preferred that the RTP 
Wet oxidation step be performed at approximately 850° C. 
for less than 40 seconds. It is also preferred that the Wet 
oxygen ambient (steam) include one of the folloWing gases: 
O2/HCl, 02/1“ LC, NO/HCl, NO/TLC, NZO/TLC or 03. The 
advantage of using Wet oxidation in a RTP oxidation step is 
the fact that the nitride ?lm is suf?ciently oxidiZed to form 
a high capacitance, loW leakage oxynitride ?lm While avoid 
ing excessive thermal budget that Would result from using a 
typical furnace to reach the needed elevated temperatures. It 
is important that the second stage RTP oxidation step is 
conducted at a temperature that is less than the temperature 
used in the initial oxidation step so that the underlying BPSG 
remains stable and the reliability of the capacitor structure is 
optimiZed. It is equally important that the second stage RTP 
oxidation step is performed at a temperature greater than 
800° C. and be a Wet oxidation step in order to obtain 
optimal electrical properties of the resulting ?lm While 
avoiding oxidation of the underlying implanted layers and 
doped polysilicon structures. 
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[0027] TWo typical LoW Pressure Chemical Vapor Depo 
sition (LPCVD) nitride deposition processes are a dichloral 
silane/ ammonia (DCS/NH3) based process and a tetrachloral 
silane/ammonia (TCS/NH3) based process. These tWo pro 
cesses may be used to deposit nitride on the surface of 
polysilicon bordered by BPSG. HoWever, as described ear 
lier, the resulting deposited nitride Will be thinner over the 
BPSG surface than over the polysilicon. For example the 
DCS/NH3 based process may deposit 50% less nitride on the 
BPSG than on the polysilicon. The TCS/NH3 based process 
tends to deposit even less nitride ?lm on the BPSG than on 
the polysilicon (possibly less than 20%). The present inven 
tion alloWs for the use of either deposition method as the thin 
nitride layer is sufficiently oxidiZed by the method of the 
present invention While avoiding oxidation of the underlying 
implanted layers and doped polysilicon structures. It is 
preferred that the DCS/NH3 based process be used. This tWo 
stage RTP process is suf?cient to oxidiZe nitride dielectric 
layer 16, to prevent the diffusion of 90% of oxygen atoms 
through the nitride dielectric layer, to effectively ?ll the 
pinholes for leakage current reduction and to maintain the 
dielectric integrity throughout the ?lm by ?rst forming Weak 
spots (?rst stage) and then healing them (second stage). The 
resulting oxidation is represented by oxidation layer 17 on a 
50 A thick nitride layer With the resulting thickness of 
oxidation layer 17 being less than 25 If a given process 
does not use a re?oWable material underneath the nitride 
layer then the ?rst stage oxidation step could be eliminated 
and only the second stage oxidation step be implemented, 
Which uses the Wet oxidation process in a rapid thermal 
process system as previously described. 

[0028] Referring to FIG. 4, a top storage capacitor elec 
trode is fabricated by the formation of a conductive layer 18 
to complete storage capacitor formation. From this point on 
the device is completed as dictated by the fabrication 
process used by those skilled in the art. 

[0029] It is to be understood that although the present 
invention has been described With reference to several 
preferred embodiments, various modi?cations, knoWn to 
those skilled in the art, may be made to the process steps 
presented herein Without departing from the invention as 
recited in the several claims appended hereto. 

What is claimed is: 
1. A method for reducing the diffusion of oxygen atoms 

through a dielectric ?lm in a semiconductor fabrication 
process, said method comprising the steps of: 

forming a ?rst dielectric layer that is of such thickness that 
Will alloW oxygen atoms to diffuse through it; 

exposing said ?rst dielectric layer to Wet oxidation during 
a rapid thermal oxidation step, said rapid thermal 
oxidation step performed at a temperature and time 
duration Which are sufficient to oxidiZe said ?rst dielec 
tric layer to prevent the diffusion of a majority of 
oxygen atoms through said ?rst dielectric layer. 

2. The method of claim 1, Wherein said Wet oxidation is 
a steam ambient including a gas selected from the group 

consisting of O2/HCl, OZ/TLC, NO/HCl, NO/TLC, NZO/ 
TLC or O3_ 

3. A method for reducing the diffusion of oxygen atoms 
through a dielectric ?lm in a semiconductor fabrication 
process, said method comprising the steps of: 
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forming a nitride dielectric layer that is 50 A or less in 
thickness; 

exposing said nitride dielectric layer to Wet oxidation 
during a rapid thermal oxidation step, said rapid ther 
mal oxidation step performed at a temperature and time 
duration suf?cient to oxidiZe said nitride dielectric 
layer to prevent the diffusion of a majority of oxygen 
atoms through said nitride dielectric layer. 

4. The method of claim 3, Wherein said Wet oxidation is 
a steam ambient including a gas selected from the group 
consisting of OZ/HCl, OZ/TLC, NO/HCl, NO/TLC, NZO/ 
TLC or O3_ 

5. A method for reducing the diffusion of oxygen atoms 
through a dielectric ?lm in a semiconductor fabrication 
process, said method comprising the steps of: 

forming a nitride dielectric layer that is 50 A or less in 
thickness; 

exposing said nitride dielectric layer to Wet oxidation 
during a rapid thermal oxidation step, said rapid ther 
mal oxidation step performed at a temperature ranging 
from 810° C. to 1040° C. and a time duration of less 
than three minutes and being suf?cient to oxidiZe said 
nitride dielectric layer to prevent the diffusion of a 
majority of oxygen atoms through said nitride dielectric 
layer. 

6. The method of claim 5, Wherein said Wet oxidation is 
a steam ambient including a gas selected from the group 

consisting of OZ/HCl, OZ/TLC, NO/HCl, NO/TLC, NZO/ 
TLC or O3_ 

7. Amethod for forming a storage capacitor for a memory 
device, said method comprising the steps of: 

forming a bottom electrode of said storage capacitor; 

forming a storage capacitor dielectric layer over said 
bottom electrode, said storage capacitor dielectric layer 
consisting of a nitride layer that is 50 A or less in 
thickness; 

exposing said nitride layer to oxidation during a ?rst stage 
rapid thermal oxidation step; 

exposing said nitride layer to Wet oxidation during a 
second stage rapid thermal oxidation step, said second 
stage rapid thermal oxidation step performed at a 
temperature and a time duration being suf?cient to 
oxidiZe said nitride dielectric layer to prevent the 
diffusion of a majority of oxygen atoms through said 
nitride dielectric layer, said ?rst stage rapid thermal 
oxidation step is performed at a temperature that is 
greater than a temperature used in said second stage 
rapid thermal oxidation step; 

forming a top electrode of said storage capacitor over said 
storage capacitor dielectric layer. 

8. The method of claim 7, Wherein said Wet oxidation is 
a steam ambient including a gas selected from the group 

consisting of OZ/HCl, OZ/TLC, NO/HCl, NO/TLC, NZO/ 
TLC or O3_ 

9. The method as recited in claim 7, Wherein said ?rst 
stage rapid thermal oxidation step performed at a tempera 
ture ranging from 850° C. to 1050° C. 

10. The method as recited in claim 7, Wherein said second 
stage rapid thermal oxidation step performed at a tempera 
ture ranging from 810° C. to 1040° C. 
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11. The method as recited in claim 10, Wherein said 
second stage rapid thermal oxidation step is performed for a 
time duration of less than three minutes. 

12. A method for fabricating a dielectric ?lm in a semi 
conductor fabrication process, said method comprising the 
steps of: 

forming a nitride dielectric layer that is 50 A or less in 
thickness over a structure comprising a ?lm that Will 
re?oW When exposed to heat at a re?oW temperature; 

exposing said nitride dielectric layer to heat using a ?rst 
stage rapid thermal oxidation step at a ?rst temperature 
range that is equal to or greater than said re?oW 
temperature; 

exposing said nitride dielectric layer to Wet oxidation 
during a second stage rapid thermal oxidation step, said 
second stage rapid thermal oxidation step performed at 
a temperature and a time duration being suf?cient to 
oxidiZe said nitride dielectric layer to prevent the 
diffusion of a majority of oxygen atoms through said 
nitride dielectric layer, said ?rst stage rapid thermal 
oxidation step is performed at a temperature that is 
greater than a temperature used in said second stage 
rapid thermal oxidation step; 

forming a top electrode of said storage capacitor over said 
storage capacitor dielectric layer. 

13. The method of claim 12, Wherein said Wet oxidation 
is a steam ambient including a gas selected from the group 

consisting of OZ/HCl, OZ/TLC, NO/HCl, NO/TLC, NZO/ 
TLC or O3_ 

14. The method as recited in claim 12, Wherein said ?rst 
stage rapid thermal oxidation step performed at a tempera 
ture ranging from 850° C. to 1050° C. 

15. The method as recited in claim 14, Wherein said 
second stage rapid thermal oxidation step performed at a 
temperature ranging from 810° C. to 1040° C. 

16. The method as recited in claim 15, Wherein said 
second stage rapid thermal oxidation step is performed for a 
time duration of less than three minutes. 

17. The method as recited in claim 12, Wherein said step 
of exposing said nitride dielectric layer to heat at a ?rst 
temperature range comprises exposing said nitride dielectric 
layer to an oxygen ambient. 

18. The method as recited in claim 12, Wherein said step 
of exposing said nitride dielectric layer to heat at a ?rst 
temperature range comprises exposing said nitride dielectric 
layer to an nitrogen ambient. 

19. A method for forming a storage capacitor for a 
memory device, said method comprising the steps of: 

forming a bottom electrode of said storage capacitor over 
a BoroPhosphoSilicate Glass (BPSG) layer; 

forming a storage capacitor dielectric layer over said 
bottom electrode, said storage capacitor dielectric layer 
consisting of a nitride layer that is 50 A or less in 
thickness; 

exposing said nitride dielectric layer to heat using a ?rst 
stage rapid thermal oxidation step at a ?rst temperature 
range that is equal to or greater than a re?oW tempera 
ture required to re?oW said BPSG layer; 

exposing said nitride dielectric layer to Wet oxidation 
during a rapid thermal oxidation step, said rapid ther 
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mal oxidation step performed at a second temperature 
ranging from 810° C. to 1040° C. and a time duration 
of less than three minutes and being suf?cient to 
oxidiZe said nitride dielectric layer to prevent the 
diffusion of a majority of oxygen atoms through said 
nitride dielectric layer, said ?rst stage rapid thermal 
oxidation step is performed at a temperature that is 
greater than a temperature used in said second stage 
rapid thermal oxidation step; 

forming a top electrode of said storage capacitor over said 
storage capacitor dielectric layer. 

20. The method of claim 19, Wherein said Wet oxidation 
is a steam ambient including a gas selected from the group 

consisting of OZ/HCl, OZ/TLC, NO/HCl, NO/TLC, NZO/ 
TLC or O3_ 

21. The method as recited in claim 19, Wherein said ?rst 
stage rapid thermal oxidation step performed at a tempera 
ture ranging from 850° C. to 1050° C. 

22. Amethod for forming a storage capacitor dielectric for 
a memory device, said method comprising the steps of: 

forming BoroPhosphoSilicate Glass (BPSG) layer over a 
semiconductor assembly at an initial process tempera 
ture; 

forming a bottom electrode of said storage capacitor over 
a BoroPhosphoSilicate Glass (BPSG) layer; 

forming, a storage capacitor dielectric layer over said 
bottom electrode, said storage capacitor dielectric layer 
consisting of a nitride layer that is 50 A or less in 
thickness; 
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exposing said nitride dielectric layer to heat using a ?rst 
stage rapid thermal oxidation step at a ?rst stage 
temperature greater than said initial process tempera 
ture and greater than any remaining temperature used in 
said method; 

exposing said nitride dielectric layer to Wet oxidation 
during a rapid thermal oxidation step, said rapid ther 
mal oxidation step performed at a second stage tem 
perature ranging from 810° C. to 1040° C., said second 
stage temperature is at least 10° C. less than said second 
stage a temperature; 

forming a top electrode of said storage capacitor over said 
storage capacitor dielectric layer. 

23. The method of claim 22, Wherein said Wet oxidation 
is a steam ambient including a gas selected from the group 

consisting of OZ/HCl, OZ/TLC, NO/HCl, NO/TLC, NZO/ 
TLC or O3_ 

24. The method as recited in claim 22, Wherein said ?rst 
stage temperature is a temperature ranging from 850° C. to 
1050° C. 

25. The method as recited in claim 22, Wherein said step 
of forming a storage capacitor dielectric layer comprises a 
dichloral silane/ammonia (DCS/NH3) based process. 

26. The method as recited in claim 22, Wherein said step 
of forming a storage capacitor dielectric layer comprises a 
tetrachloral silane/ammonia (TCS/NH3) based process. 


