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(57) ABSTRACT 

A 3D microelectronic structure is provided Which includes a 
substrate having at least one opening present therein, the at 
least one opening having sidewalls Which extend to a 
common bottom Wall; and a thermal nitride layer present on 
at least an upper portion of each sideWall of openings. A 
method for fabricating the above-mentioned 3D microelec 
tronic structure is also provided. Speci?cally, the method 
includes a step of selectively forming a thermal nitride layer 
on at least an upper portion of each sideWall of an opening 
formed in a substrate. 
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A 3-D MICROELECTRONIC STRUCTURE 
INCLUDING A VERTICAL THERMAL NITRIDE 

MASK 

DESCRIPTION 

FIELD OF THE INVENTION 

[0001] The present invention relates to three-dimensional 
(3D) microelectronic device processing, and more particular 
to a method of fabricating at least one opening, e.g., trench 
or via, in a substrate Wherein a thin, uniform thermal nitride 
vertical hard mask, Which prohibits diffusion of dopants into 
the substrate, is formed on at least an upper portion of 
exposed sideWalls of the opening. The present invention is 
also directed to 3D microelectronic structures Which include 
the above-mentioned thin, uniform thermal nitride mask on 
at least an upper portion of exposed sideWalls of an opening 
formed in a substrate. 

BACKGROUND OF THE INVENTION 

[0002] Trench or via processing for three-dimensional 
(3D) microelectronic fabrication, e.g., dynamic random 
access memory (DRAM) cells, includes making of a portion 
of a trench or via for p-n junction de?nition by diffusion; 
non-uniform (enhanced) doping of selected areas; and for 
mation of electrical isolation regions in selected areas. 
Therefore, a masking method is needed to select portions of 
a trench or via for desired processing. 

[0003] In general, masking processes require the use of a 
hard mask (planar or vertical) to protect selected portions of 
the substrate against doping, etching, oxidation, deposition, 
implantation, and other processing. Contrary to a photoresist 
(PR) and other polymer masks, hard masks are able to 
Withstand high-temperature processing. In addition, hard 
masks may have a higher etch selectivity than that of a 
polymer mask. 

[0004] The fabrication sequence for a planar hard mask is 
straightforWard. First, a hard mask material is deposited over 
an entire surface of a substrate and thereafter a patterned PR 
mask is formed over the hard mask using conventional 
photolithographic methods. Next, the hard mask material is 
removed from selected areas utiliZing a selective etching 
process. Consequently, the remaining planar hard mask 
material protects pre-selected areas of the substrate. 

[0005] The fabrication sequence of a vertical hard mask, 
on the other hand, is complicated. Indeed, there are no 
knoWn photolithography methods that Would leave photo 
resist in the upper portion of a trench or via and remove 
resist from the bottom portion of the trench or via. The 
vertical hard masks are typically made utiliZing the folloW 
ing ?ve steps: depositing a sacri?cial material into an 
opening of a 3D microelectronic structure; (ii) planariZing 
the sacri?cial material; (iii) recessing the sacri?cial material 
to a predetermined depth; (iv) forming a hard mask on an 
upper portion of the opening; and (v) removing the sacri? 
cial material from the opening. 

[0006] There are several requirements for using vertical 
hard masks Which include: (1) a vertical hard mask should 
be suitable for use With high-temperature (about 300° 
1100°C.) processing and the vertical hard mask should not 
loose its masking properties at the above-mentioned high 
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temperatures; (2) the vertical hard mask should be substan 
tially thin (as compared to the mouth of the trench or via) so 
that the hard mask does not interfere With the deposition of 
various materials into the trench or via; and (3) the process 
sequence needed to create such a hard mask must be 
relatively simple. 
[0007] One standard Way of producing a vertical hard 
mask for lining at least a portion of a trench or via is to use 
a thin oxide groWn on an exposed surface of a Si-containing 
substrate, While protecting selected areas With deposited 
silicon nitride. Because silicon nitride oxidiZes very sloWly 
one can groW a relatively thick layer of thermal oxide on the 
Si-containing substrate, While oxidiZing only several atomic 
layers of silicon nitride. Subsequently, silicon nitride is 
stripped selectively to the thick oxide layer groWn on the 
Si-containing substrate. 

[0008] There are several problems With using such an 
approach. A vertical mask comprising a thermally groWn 
oxide layer is not a good diffusion barrier; therefore, the 
thermal oxide mask has to be groWn relatively thick in order 
to block dopant diffusion. For narroW openings, i.e., trenches 
or vias, the thickness of the oxide mask can be comparable 
to the dimensions of the opening preventing a good ?ll into 
the trench or via. In addition, thermally groWn oxide masks 
are not typically uniform along the perimeter of the opening 
(the thermally groWn oxide is usually thinner at the corners). 
Such non-uniformity is due to the different oxidation rate of 
different crystallographic planes of silicon and build-up of 
stress in the corners. 

[0009] One knoWn modi?cation to the oxide mask process 
described above is directed toWards thermal nitridation of 
the oxide mask. When nitrogen is introduced into a ther 
mally groWn oxide mask, the nitrogen reduces diffusion of 
dopants through the thermal oxide layer. Due to a high 
chemically stability of the thermally groWn oxide layer only 
a small percentage (typically beloW 20 atomic percent) of 
nitrogen atoms is incorporated into the thermal oxide mask. 
Therefore, the oxynitride or nitrided oxide mask has to be 
relatively thick to block dopant diffusion at high tempera 
tures. 

[0010] In vieW of the above draWbacks With thermally 
groWn oxide vertical masks, a neW and improved method is 
required to form a thin, uniform vertical hard mask, Which 
functions as a diffusion barrier so as to prevent unWanted 

diffusion of dopant into substrate during p-n junction de? 
nition. 

SUMMARY OF THE INVENTION 

[0011] One object of the present invention is to provide a 
method for fabricating 3D microelectronic structures Which 
include at least one opening present in a substrate Wherein 
a vertical hard mask Which is resistant to high-temperature 
processing is employed. 

[0012] Another object of the present invention is to pro 
vide a method for fabricating 3D microelectronic structures 
Which include at least one opening present in a substrate 
Wherein a substantially thin vertical hard mask is employed 
to protect selective portions of the opening. 

[0013] A further object of the present invention is to 
provide a method of fabricating 3D microelectronic struc 
tures Which include at least one opening present in a 
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substrate wherein simple processing steps are employed to 
form a vertical hard mask on at least an upper portion of 
exposed sidewalls of the at least one opening. 

[0014] A yet further object of the present invention is to 
provide a method of fabricating 3D microelectronic struc 
tures Which include at least one opening present in a 
semiconductor substrate Wherein a thin, uniform vertical 
hard mask is formed on an upper portion of exposed 
sideWalls of the at least one opening. 

[0015] These and other objects and advantages are 
achieved in the present invention by forming a thermal 
nitride vertical hard mask on at least an upper portion of 
exposed interior sideWalls of an opening formed in a sub 
strate (either semiconducting or insulating). The thermal 
nitride employed in the present invention is substantially 
thin, on the order of from about 10 to about 50 A, and the 
thermal nitride is a very good dopant diffusion barrier 
material. The inventive method employed in forming the 
thermal nitride vertical hard mask is relatively simple and 
easy to implement With existing semiconductor device pro 
cessing schemes. 

[0016] In one aspect of the present invention, a 3D micro 
electronic structure containing a thin thermal nitride hard 
mask on selective portions of an opening formed in a 
substrate is provided. In broad terms, the 3D microelectronic 
structure of the present invention comprises: 

[0017] a substrate having at least one opening present 
therein, said at least one opening having sideWalls 
Which extend to a common bottom Wall; and 

[0018] a thermal nitride layer present on at least an 
upper portion of each sideWall of said at least one 
opening. 

[0019] Another aspect of the present invention comprises 
a method for fabricating the above-mentioned 3D micro 
electronic structure. Speci?cally, the inventive method com 
prises the steps of: 

[0020] (a) forming at least one opening in a surface of 
a substrate, said at least one opening having side 
Walls Which extend to a common bottom Wall; and 

[0021] (b) forming a thermal nitride layer on at least 
an upper portion of each sideWall of said at least one 
opening. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIGS. 1-11 are pictorial representations (through 
cross-sectional vieWs) illustrating the various processing 
steps of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] The present invention, Which provides a method of 
forming a thermal nitride vertical hard mask on at least an 
upper portion of an opening formed in a substrate as Well as 
the resultant 3D microelectronic structure formed by the 
aforementioned method, Will noW be described in greater 
detail by referring to draWings that accompany the present 
application. 
[0024] It is noted that the attached draWings illustrate a 
preferred embodiment of the present invention Wherein a 
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thin, uniform nitride vertical hard mask is employed to 
protect an upper portion of an opening formed in a semi 
conductor substrate. Although illustration is given for this 
preferred embodiment, the inventive method Works in other 
applications in Which a vertical hard mask is required to be 
formed on at least an upper portion of an opening formed in 
a substrate. The term “substrate” is used herein to denote 
both semiconducting as Well as insulating materials (includ 
ing organic and inorganic insulators), With semiconducting 
materials being exempli?ed in the accompanying draWings. 

[0025] FIG. 1 illustrates an initial structure Which may be 
employed in the inventive method. Speci?cally, the initial 
structure shoWn in FIG. 1 includes semiconducting sub 
strate 10 having opening 12 present therein. Opening 12 
includes sideWalls 14 Which extend to common bottom Wall 
16. It is noted that although this draWing shoWs the presence 
of a single opening in the substrate, the inventive method 
Works Well When a plurality of openings are present in the 
substrate. The structure shoWn in FIG. 1 also includes an 
optional planar hard mask Which is labeled as 18 in FIG. 1. 
Note that the Wavy lines are used to separate the loWer 
portion of the opening including bottom Wall 16 from an 
upper portion of the opening. 

[0026] The initial structure shoWn in FIG. 1 is composed 
of conventional materials Well knoWn to those skilled in the 
art and conventional processing techniques that are also Well 
knoWn to those skilled in that art are employed in fabricating 
the same. For example, semiconducting substrate 10 may be 
comprised of Si, Ge, SiGe, GaAs, InAs, InP or all other III/V 
semiconductor compounds. Layered semiconducting sub 
strates such as Si/SiGe, Si/Si and silicon-on-insulators 
(SOIs) are also contemplated herein. The substrate materials 
can be in either crystalline, polycrystalline, or amorphous 
form. The semiconductor substrate may be of the n- or 
p-type depending on the desired device to be fabricated. The 
semiconductor substrate may contain active device regions, 
Wiring regions, isolation regions (e.g., trench isolation or 
LOCOS) or other like regions. For clarity, these other 
regions are not shoWn in the draWings, but are nevertheless 
meant to be included Within region 10. 

[0027] Optional planar hard mask 18 may then be formed 
atop the surface of substrate 10 utiliZing a deposition pro 
cess, such as chemical vapor deposition (CVD), plasma 
assisted CVD, sputtering, and chemical solution deposition, 
Well knoWn to those skilled in the art. The optional planar 
hard mask may be composed of an oxide, nitride, glass 
material or any combination thereof including a stack such 
as nitride/oxide/BPSG (boron doped silicate glass). 

[0028] Aphotoresist mask, not shoWn, is then formed atop 
the surface of the optional planar hard mask (or atop 
substrate 10, When no planar hard mask is employed) 
utiliZing a conventional deposition process and thereafter the 
photoresist mask is patterned utiliZing conventional lithog 
raphy Which includes exposing the photoresist to a pattern of 
radiation, and developing the pattern into the exposed pho 
toresist utiliZing a conventional resist developer. After the 
photoresist has been patterned, the pattern is transfer into the 
optional planar mask and substrate utiliZing a conventional 
dry etching process such as reactive-ion etching, plasma 
etching, ion beam etching, laser ablation or any combination 
thereof so as to form opening 12 in the substrate. It should 
be noted that the term “opening” is used herein to denote a 
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trench, via or any other type of passageway that may be 
formed into a substrate. The depth of the opening, measured 
from the uppermost surface of substrate 10, is not critical to 
the present invention. Typically, hoWever, the opening has a 
depth, measured from the top surface of substrate 10, of 
from about 0.1 to about 10 pm, With a depth of from about 
5 to about 10 pm being more highly preferred. 

[0029] FolloWing the formation of the opening, the pho 
toresist is removed utiliZing a conventional stripping process 
Well knoWn to those skilled in the art so as to provide the 
structure shoWn in FIG. 1. At this point of the inventive 
process the optional planar hard mask is removed utiliZing 
a conventional planariZation process such as chemical 
mechanical polishing (CMP). 
[0030] Next, and as shoWn in FIG. 2, oxide layer 20 is 
formed on all exposed surfaces of substrate 10, including the 
vertical sideWalls and horiZontal bottom Wall of the opening. 
The oxide layer is formed utiliZing a conventional deposi 
tion process such as CVD, or alternatively, oxide layer 20 is 
formed by a conventional thermal oxidation process. The 
oxide layer formed at this point of the present invention is 
a uniform, thin oxide layer having a thickness of from about 
50 to about 100 

[0031] Resist ?ll material 22 is then formed atop oxide 
layer 20 and Within the opening so as to provide the structure 
shoWn, for example, in FIG. 3. Speci?cally, resist ?ll 
material 22 is a conventional polymeric resist material 
Which is capable of ?lling an opening. In accordance With 
the present invention, the resist ?ll material is formed 
utiliZing a conventional deposition process such as CVD. 

[0032] After applying the resist ?ll material to the struc 
ture, the resist ?ll material shoWn in FIG. 3 is recessed to a 
predetermined level (typically about 1 pm or less) beneath 
the surface of substrate 10 so as to provide the recessed 
structure shoWn, for example, in FIG. 4. Recessing is 
carried out in the present invention by utiliZing a timed 
etching process Which is highly selective for removing 
portions of the resist ?ll material from the opening, but not 
oxide layer 20 that is present beneath the resist ?ll material. 
Note that portions of oxide layer in the upper portion of the 
opening are exposed after this recessing step. 

[0033] FolloWing recessing, the exposed portion of oxide 
layer 20 is removed from the structure utiliZing a conven 
tional Wet chemical etching process, and thereafter the 
recessed resist ?ll material is removed from inside the loWer 
portion of the opening utiliZing the above-mentioned etching 
process that Was employed in recessing. These steps of the 
present invention, i.e., Wet etching and removal of the 
previously recessed resist ?ll material from the opening, 
provide the structure shoWn in FIG. 5. Note that in this 
draWing, the upper sideWalls of the opening are exposed, 
Whereas at least the loWer portion of the opening still 
contains oxide layer 20 thereon. 

[0034] In some embodiments of the present invention, a 
H prebake step may be employed at this step of the present 
. 2 ~ ~ . 

invention to remove any native oxide layer that may be 
present on the exposed upper portions of the openings. 
Speci?cally, H2 prebaking is performed at a temperature of 
from about 700° C. to about 1000° C. and at a pressure of 
from about 1 to about 300 Torr. 

[0035] Next, and as shoWn in FIG. 6, thermal nitride 
vertical hard mask 24 is formed on at least the upper portion 
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of the sideWalls that are exposed in FIG. 5. The thermal 
nitride hard mask is a uniform layer Whose thickness is from 
about 10 to about 50 A. The thermal nitride layer is formed 
by heating the structure shoWn in FIG. 5 at high tempera 
tures, on the order of from about 600° C. to about 1200° C., 
in the presence of a nitrogen-containing source gas. Illus 
trative examples of nitrogen-containing source gases 
include, but are not limited to: N2, N20, NH3 and mixtures 
thereof. The nitrogen-containing source gas can also include 
various nitrogen-containing radicals such as atomic nitro 
gen, NH2, and NH radicals. The radicals can be created With 
the aid of some excitation, for instance, a plasma excitation, 
a photo excitation, an electron-beam excitation, or intense 
heat. The radicals can be primarily formed either in the 
vicinity of the Wafer or far from the processing Zone. In the 
latter case, an ef?cient delivery system should be present to 
transfer radicals to the processing Zone With minimal losses. 
If the nitrogen-containing gas consists of an appreciable 
amount of atomic nitrogen or other nitrogen-containing 
radicals the thermal nitride can be formed at a substantially 
loWer temperature. The preferred temperature range in this 
case is from about room temperature to about 1200° C. It is 
noted that during the formation of the thermal nitride layer, 
oxide layer 20 remaining in the loWer portion of the opening 
is converted into a nitrided oxide layer. The nitrided oxide 
layer is labeled as 26 in FIG. 6. 

[0036] It is important to note that in some prior art 
processes a sacri?cial nitride layer formed via deposition 
may be applied to the exposed sideWalls of the opening. The 
use of thermal nitride instead of deposited nitride is impor 
tant in the present invention since thermal nitrides are 
formed preferentially only on the exposed portion of the 
opening and have a smaller etch rate as compared to 
deposited nitride. The smaller etch rate alloWs for selective 
removal of material from the bottom portion of the opening 
Without completely removing the material from the upper 
portion of the opening Which typically occurs When depos 
ited nitride layers are employed as a vertical hard mask. 

[0037] The thermal nitride vertical mask 24 can be option 
ally thickened With the Well-knoWn selective deposition 
process. The process alloWs for the deposition of nitride on 
nitride surface While leaving oxide surface substantially 
intact. The selective deposition is a timed process such that 
the deposition time is shorter that the nucleation time on the 
oxide surface. Using such a deposition process one can 
deposit approximately 5 to 15 angstroms of SiN on the 
thermal nitride While only nitriding the oxide surface. The 
oxide surface can be cleaned With a (slow nitride Wet etch 
such that there is still additional 5-10 A of nitride remaining 
on the thermal nitride mask. This process can be optionally 
repeated to thicken the mask even further. 

[0038] Nitrided oxide layer 26 is then selectively removed 
from at least the loWer portion of the opening so as to expose 
the underlying substrate material in the opening; See FIG. 
7. Speci?cally, nitrided oxide layer 26 is removed from the 
structure utiliZing a Wet etching process that is highly 
selective in removing the nitrided oxide layer as compared 
to nitride and substrate. It is noted that during this selective 
Wet etch process the thermal nitride layer present in the 
upper portion of the opening may be slightly thinned. 

[0039] With the thermal nitride vertical hard mask in 
place, the structure is then subjected to a doping process 
Which is capable of forming buried plate 28 about the 
exposed loWer portion of the opening. The resultant struc 
ture formed after this step of the present invention is 
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performed is shown, for example, in FIG. 8. The doping is 
carried out utilizing a conventional gas phase dopant tech 
nique Which is Well knoWn to those skilled in the art. 

[0040] FIG. 9 shoWs an optional structure that is formed 
after an optional bottle etching process and gas phase doping 
is performed on the structure shoWn in FIG. 7. The bottle 
etching process includes the use of a Well knoWn self 
limiting or timed Wet etching process Wherein a chemical 
etchant that is selective in removing substrate material as 
compared to thermal nitride is employed. It is noted that the 
bottle etching process results in a structure Wherein the 
loWer portion of the opening abutting the bottom Wall is 
elongated as compared to the upper portion of the opening. 

[0041] FIG. 10 shoWs a structure that is formed after the 
thermal nitride is optionally stripped from the upper portion 
of the opening shoWn in FIG. 8 utiliZing an etching process 
Which is highly selective in removing thermal nitride as 
compared to substrate. 

[0042] Next, node dielectric 30 and conductive material 
32 are formed on any of the structures shoW in FIGS. 8, 9 
and 10. FIG. 11 shoWs the node dielectric and conductive 
material formed in the structure of FIG. 10. Node dielectric 
30 Which is comprised of a conventional dielectric material 
such as SiO2 is formed utiliZing a conventional deposition 
process such as CVD. Conductive material 32, Which is 
comprised of polysilicon, a conductive metal or any com 
bination thereof is formed utiliZing a conventional deposi 
tion process such as CVD, plating, or sputtering. Note that 
the deposition of conductive materials may cause the for 
mation of void 36 in opening 12. 

[0043] Further processing may folloW the above described 
processing steps including, for eXample, recessing of con 
ductive material 34, buried strap formation, collar formation 
and formation of a transistor above the capacitor region 
described above. 

[0044] It is noted that in the preferred embodiment shoWn 
above, the thermal nitride vertical hard mask alloWs for 
conductive material 34 to be ?lled into narroW openings, and 
very simple processing steps compared to a conventional 
sacri?cial oXide collar scheme are employed. 

[0045] While the present invention has been particularly 
shoWn and described With respect to preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
the foregoing and other changes in form and detail may be 
made Without departing from the spirit and scope of the 
present invention. It is therefore intended that the present 
invention is not limited to the eXact forms and details 
described and illustrated, but fall Within the scope of the 
appended claims. 

Having thus described our invention in detail, What We claim 
as neW and desire to secure by the Letters Patent is: 
1. A 3D microelectronic structure comprising: 

a substrate having at least one opening present therein, 
said at least one opening having sideWalls Which eXtend 
to a common bottom Wall; and 

a thermal nitride layer present on at least an upper portion 
of each sideWall of said at least one opening. 

2. The 3D microelectronic structure of claim 1 Wherein 
said substrate comprises a semiconducting material or an 
insulating material. 

3. The 3D microelectronic structure of claim 2 Wherein 
said substrate is a semiconducting material. 
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4. The 3D microelectronic structure of claim 1 Wherein 
said opening has an elongated loWer portion. 

5. The 3D microelectronic structure of claim 1 Wherein 
said opening has a loWer portion Which is protected by an 
oXide layer. 

6. The 3D microelectronic structure of claim 5 Wherein 
said oXide layer in said loWer portion of said opening has a 
recessed resist ?ll material thereon. 

7. The 3D microelectronic structure of claim 1 Wherein 
said opening has a loWer portion, and a buried plate is 
formed about said loWer portion of said opening. 

8. The 3D microelectronic structure of claim 1 Wherein 
said opening has an elongated loWer portion, and a buried 
plate is formed about said loWer elongated portion of said 
opening. 

9. The 3D microelectronic structure of claim 1 Wherein 
said thermal nitride has a thickness of from about 10 to about 
50 A. 

10. A method for fabricating a 3D microelectronic struc 
ture having a thin, uniform thermal nitride formed on at least 
an upper portion of each eXpose sideWalls of at least one 
opening, said method comprising the steps of: 

(a) forming at least one opening in a surface of a substrate, 
said at least one opening having sideWalls Which eXtend 
to a common bottom Wall; and 

(b) forming a thermal nitride layer on at least an upper 
portion of each sideWall of said at least one opening. 

11. The method of claim 10 Wherein said at least one 
opening is formed by lithography and etching. 

12. The method of claim 10 Wherein said thermal nitride 
layer is formed by heating said substrate at a temperature of 
from about 600° to about 1200° C. in the presence of a 
nitrogen-containing source gas. 

13. The method of claim 10 Wherein prior to said forming 
of said thermal nitride layer a loWer portion of the at least 
one opening is protected by an oXide layer. 

14. The method of claim 13 further comprising elongating 
a loWer portion of said opening using said thermal nitride 
layer has a vertical hard mask. 

15. The method of claim 14 further comprising forming a 
buried plate about said elongated loWer portion of said at 
least one opening. 

16. The method of claim 15 Wherein said buried plate is 
formed by a gas phase doping process. 

17. The method of claim 10 further comprising forming a 
buried plate about a loWer portion of said at least one 
opening using a gas phase doping process and said thermal 
nitride layer serves as a dopant diffusion barrier. 

18. The method of claim 10 Wherein a H2 prebake process 
is performed prior to forming said thermal nitride layer so as 
to remove native oXide from said upper portion of said at 
least one opening. 

19. The method of claim 18 Wherein said H2 prebake 
process is carried out at a temperature of from about 700° to 
about 1000° C. and at a pressure of from about 1 to about 
300 Torr. 

20. The method of claim 10 Wherein said thermal nitride 
layer is formed in the presence of a nitrogen-containing 
radical and at a temperature from about room temperature to 
about 1200° C. 


