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(57) ABSTRACT 
The present invention relates to a process of fabricating 
Semiconductor memory Structures, particularly deep trench 
Semiconductor memory devices wherein a temperature Sen 
Sitive high dielectric constant material is incorporated into 
the Storage node of the capacitor. Specifically, the present 
invention describes a process for forming deep trench Stor 
age capacitors after high temperature shallow trench isola 
tion and gate conductor processing. This proceSS allows for 
the incorporation of a temperature Sensitive high dielectric 
constant material into the capacitor Structure without caus 
ing decomposition of that material. Furthermore, the process 
of the present invention limits the extent of the buried-strap 
outdiffusion, thus improving the electrical characteristics of 
the array MOSFET. 
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DRAM TRENCH CAPACTOR 

FIELD OF THE INVENTION 

0001. The present invention relates to a semiconductor 
memory device, and in particular to a deep trench dynamic 
random access memory (DRAM) capacitor structure 
wherein a temperature Sensitive high dielectric constant 
material is used and is incorporated into the Storage node of 
the DRAM trench capacitor. 

BACKGROUND OF THE INVENTION 

0002 In dynamic random access memory (DRAM) cell 
manufacturing, a key issue is the Size of the overall cell. AS 
the integration densities increase, it is desirable in the 
Semiconductor industry to decrease the Storage capacitor 
Size while maintaining the charge Storage capacity. One 
approach to this problem in the prior art is to utilize a deep 
trench capacitor. Such capacitor Structures have reduced 
Surface Space while maintaining the charge Storage capacity 
of the capacitor. 
0003. One problem associated with the formation of deep 
trench capacitors for Semiconductor memory cells Such as 
DRAMs is how to incorporate temperature sensitive high 
dielectric constant materials Such as barium Strontium tita 
nium oxide (BSTO) into the storage node of the DRAM 
capacitor device. 
0004 Another problem associated with the formation of 
deep trench storage capacitors is the effect of the buried 
strap outdiffusion on the array MOSFET electrical charac 
teristics. Presently, DRAM technology falls into two main 
categories, use of Stacked capacitor Storage elements and use 
of deep trench Storage capacitors. Each approach has certain 
advantages and disadvantages relative to each other. For 
example, deep trench technology results in improved pla 
narization of the various layers of the Structure which 
facilitates the ultra-fine lithographic and etching processes 
required for todays DRAMs. 
0005 FIG. 1 is a cross-sectional diagram showing the 
structure of a prior art DRAM cell 61 having a trench storage 
capacitor 60 and an array MOSFET 62. The DRAM cell 61 
occupies an area of about 7F of the surface area of the 
DRAM IC, F being the minimum feature size which is 
photolithographically defined for features on the IC. The 
DRAM cell 61 is characterized by a design dimension 63 
which is defined as the lateral distance between the near 
edge 64 of the trench Storage capacitor 60 and the far edge 
66 of the gate conductor 68. In an existing 7FDRAM cell 
design, this dimension 63 is designed to have a value of 
nominally 1.5 F, with the width of the gate conductor being 
1.0 F and the nominal (designed) distance between the near 
edge of the gate conductor and the trench Storage capacitor 
60 being 0.5 F. 
0006 The most widely used trench storage DRAM tech 
nology utilizes a buried-strap (see FIG. 1) to form the 
connection between the array MOSFET and the storage 
capacitor 60. The buried-strap has a diffusion associated 
with it which extends vertically and laterally away from the 
interfacial opening between the trench Storage capacitor 60 
and the silicon Substrate (see FIG. 1). The diffusion is 
formed by the outdiffusion of dopants (i.e. arsenic) from the 
N+ polysilicon in the Storage trench into the adjacent Single 
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crystal silicon Substrate. The depth and lateral extent of this 
buried-Strap outdiffusion is highly detrimental to the Scal 
ability of the array MOSFET. 
0007. In past DRAM generations, when the state of the 
art minimum feature size, F, was larger than approximately 
0.5 um, the presence of the buried-strap outdiffusion did not 
pose much of an electrical problem for the array MOSFET. 
However, with present day DRAM designs approaching 
minimum feature size equal to 0.15 um, and the typical 
buried-Strap outdiffusion distance being greater than 50 nm 
from the interface between the N+ polysilicon in the deep 
trench, it is likely that the buried-Strap outdiffused junction 
may extend under the gate conductor (wordline). This is 
likely to occur Since, in addition to the large Outdiffusion 
relative to the dimension 63, there is significant misalign 
ment tolerance between the gate conductor and the deep 
storage trench. As shown in FIG. 1, the encroachment of the 
buried-strap outdiffusion upon the array MOSFET is char 
acterized by the parameter 6, which is the distance between 
the bitline (BL) diffusion and the buried-strap (BS) outdif 
fusion, eXpressed as a percentage of the trench edge to gate 
conductor edge dimension 63. 
0008 FIG. 2 illustrates how the device off-current 
increases with decreasing 6. To assure that the off-current 
objective is met under all circumstances, the channel doping 
of the MOSFET must be raised. However, increased channel 
doping results in increased junction leakage and degraded 
device performance, thus degrading data retention time. 
Therefore, it is highly desirable to make the value of 8 as 
large as possible to minimize these deleterious effects. 
0009. The distance between the bitline diffusion and the 
buried-Strap diffusion is determined by the layout ground 
ules, process tolerances (overlay and feature size) and the 
amount of buried-Strap outdiffusion from the trench Storage 
capacitor. This critical distance is illustrated by the param 
eter 8 in the prior art deep trench DRAM cell shown in FIG. 
1. The amount of buried-strap outdiffusion is principally 
determined by the thermal budget that the buried-strap 
encounters in the course of the chip fabrication process. The 
thermal budget is a function of the Square root of the Sum of 
the products of the diffusivity, D, of the strap dopant 
impurity and the effective amount of time spent at each high 
temperature Step which contributes Significantly to the dif 
fusion. 

0010 For prior art deep trench storage capacitor DRAM 
cells, the high temperature processing Steps which contrib 
ute to the Strap outdiffusion from the Storage capacitor 
polysilicon typically consist of STI oxidation, STI densifi 
cation, gate Sacrificial oxidation, transfer gate oxidation, 
gate conductor Sidewall oxidation, and junction anneals. The 
combined thermal budget of these high-temperature pro 
ceSSes results in an arsenic outdiffusion from the Storage 
trench poly into the Silicon Substrate which typically ranges 
from 50 to 100 nm. This means that for high-density trench 
DRAM cell designs having a minimum feature size of 0.15 
lum, the distance 8 typically ranges from 0.08 to 0.13 um; 8 
typically ranges from 35% to 60% of the design distance 
between the Storage trench edge and the far edge of the gate 
conductor, for prior art DRAM cells having a layout area of 
7 minimum features squared (7F) per bit and a minimum 
feature size, F, equal to 0.15 lum. As seen from FIG. 2, the 
off-current can vary by more than 100x over this range of 
variation in Ö. 
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0011. In a possible fabrication approach, a deep trench is 
first formed in a Semiconductor Substrate or wafer and then 
the deep trench is filled with a temperature Sensitive high 
dielectric constant material. After filling the deep trench 
with the temperature Sensitive high dielectric constant mate 
rial, shallow trench isolation (STI) regions and gate con 
ductor (GC) stacks are typically formed. A problem with 
Such an approach is that the high temperatures used in 
fabricating the STI regions and the GC stacks adversely 
affect the temperature Sensitive high dielectric constant 
material used in filling the deep trench and contribute to the 
buried-Strap outdiffusion. Specifically, the length of time at 
the high processing temperatures employed in fabricating 
the STI regions and the GC Stacks cause decomposition of 
the temperature Sensitive high dielectric constant material 
and add to the thermal budget of the strap outdiffusion. The 
high dielectric material and its by-products thus formed may 
diffuse and interact with the underlying Semiconductor 
material. 

0012 To avoid this problem of capacitor insulator deg 
radation, the prior art in Stacked capacitor DRAM technol 
ogy utilizes a thin electrically conductive barrier layer 
comprising a material such as TiN, TiAlN, TaSiN and CoSi 
between the temperature Sensitive high dielectric constant 
material and the Semiconductor material, e.g. Silicon. The 
presence of Such a barrier layer in Semiconductor memory 
devices, while prohibiting oxygen diffusion from occurring, 
adds additional processing StepS and costs to the overall 
Semiconductor memory device manufacturing process. 
0013. On top of this conductive barrier layer, the prior art 
in Stacked capacitor DRAM technology typically deposits a 
thin layer of a conductive material So as to form a bottom 
electrode. This conducting layer, in the case of high dielec 
tric constant capacitors, is composed of conductive oxides 
such as RuO, SrRuO, La-Sr-Co-O and IrO, or by 
metals like Pt or Ir. One advantage of SrRuO is that it can 
be directly deposited on Silicon with minimum or no oxi 
dation underneath. A high dielectric constant material can 
then be deposited on top of the electrode layer to a desired 
thickness. 

0.014 Finally, for the top electrodes, material similar to 
the bottom electrode is typically selected. If it is desired to 
use a polysilicon or amorphous Silicon overlayer, a thin layer 
of a barrier material, as discussed above, can be deposited to 
prevent undesirable reactions between Silicon and the elec 
trode material before chemical vapor deposition (LPCVD) 
of amorphous/polysilicon. 
0.015. In view of the drawbacks mentioned with prior 
DRAM Stacked capacitor Structures in using temperature 
Sensitive high dielectric constant material, it would be 
beneficial if a new and improved process of fabricating a 
trench DRAM capacitor Structure having a temperature 
Sensitive high dielectric constant material incorporated into 
the storage node of the DRAM capacitor structure was 
developed which overcomes all of these drawbacks. 
0016. It should also be mentioned that in the process 
embodiment of the present invention, the buried-Strap out 
diffusion from the trench Storage capacitor does not encoun 
ter the STI liner oxidation, Sacrificial oxidation and gate 
oxidation steps. This limits the thermal budget and the 
amount of buried-Strap outdiffusion. In prior art processes, 
the buried-strap diffuses further due to the inclusion of the 
three oxidation StepS mentioned above. 
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SUMMARY OF THE INVENTION 

0017. One object of the present invention is to provide a 
process of fabricating a trench capacitor Semiconductor 
memory device which allows for the easy incorporation of 
a temperature Sensitive high dielectric constant material into 
the capacitor region of the device. 
0018. Another object of the present invention is to pro 
vide a process of fabricating a trench capacitor Semiconduc 
tor memory device wherein the Storage node material, i.e. 
temperature Sensitive high dielectric constant material, does 
not degrade during the course of providing the STI regions 
and the GC Stack regions of the memory device. 
0019. A still further aspect of the present invention is to 
provide a process of fabricating a trench capacitor Semicon 
ductor memory cell device wherein the temperature Sensi 
tive high dielectric constant material does not diffuse into the 
underlying Semiconductor material. 
0020 Yet another object of the present invention is to 
provide a proceSS which results in a limited buried-Strap 
outdiffusion, whose deleterious electrical effects on the array 
MOSFET are reduced from the prior art. 
0021. These as well as other objects and advantages can 
be achieved in the present invention by forming the Storage 
trench after formation of the STI regions in a semiconductor 
Structure which contains preformed layers of a partial GC 
Stack already on the Surface of the Structure. By fabricating 
the trench capacitor after STI formation, the temperature 
Sensitive high dielectric constant material does not encoun 
ter the high temperatures associated with STI formation. 
Moreover, Since the initial Structure contains a partial GC 
Stack already on the Surface, the temperature Sensitive high 
dielectric constant material does not encounter high tem 
peratures that are associated with fabricating the GC Stack; 
therefore Substantially no degradation of the temperature 
Sensitive material is caused to occur. 

0022 Specifically, the process of the present invention 
comprises the Steps of: 

0023 (a) providing a semiconductor structure com 
prising a Semiconductor Substrate or wafer having at 
least one trench Storage region and a raised shallow 
trench isolation (STI) region adjacent to said trench 
Storage region, Said structure having preformed layers 
of a partial gate conductor Stack formed on Said Sub 
Strate or wafer which are Spaced apart by Said trench 
Storage region and Said raised STI region; 

0024 (b) forming a bottom electrode in said trench 
Storage region; 

0025 (c) forming a temperature sensitive high dielec 
tric constant material on Said bottom electrode and 
lining Sidewalls of Said trench Storage region; 

0026 (d) forming a top electrode over said temperature 
Sensitive high dielectric constant material; 

0027 (e) filling said trench with polysilicon; 
0028 (f) completing fabrication of a capacitor in said 
trench Storage region; 

0029 (g) forming a patterned gate conductor region 
from Said preformed GC Stack layers, and 
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0030 (h) forming subsequent device connections so as 
to complete fabrication of a trench capacitor Semicon 
ductor memory cell. 

0031. In a highly preferred embodiment of the present 
invention, the trench Storage region is formed after STI 
formation and formation of the partial GC Stack layers. In 
another highly preferred embodiment of the present inven 
tion, a conducting barrier layer is formed over the top 
electrode prior to the polysilicon fill. 
0032. In accordance with the present invention, the for 
mation of the trench Storage capacitor follows the formation 
of the STI. This means that the prior art high-temperature 
processing steps which include STI oxidation, STI densifi 
cation, gate Sacrificial oxidation, and transfer gate oxidation 
are not seen by the buried-strap outdiffusion. Elimination of 
these high temperature Steps from the thermal budget of the 
Strap outdiffusion typically results in a reduction of thermal 
budget-of greater than 50%. This reduction of thermal 
budget translates into a reduction of Strap outdiffusion which 
is typically greater than 30% of the outdiffused distance 
which results from the prior art process. This reduction in 
Strap outdiffusion, which is typically less than 50 nm, results 
in a Substantial increase in the parameter 6, which results in 
reduced off-current for a given channel doping concentra 
tion. In the present invention Ö is always greater than that of 
the prior art Structures. For the inventive Structure, 6 is 
typically 50% to greater than 75% of the design distance 
between the Storage trench edge and the far edge of the gate 
conductor, for a 7F cell with F=0.15 um. Because of the 
high sensitivity of the MOSFET off-current to 8, the inven 
tive structure represents a Significant improvement over the 
prior art, whose 6 ranges from 35% to 60% of the design 
distance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.033 FIG. 1 is a cross-sectional view of a prior art trench 
storage DRAM structure. 
0034 FIG. 2 is a graph of modeled sensitivity of device 
off-current to distance outdiffusion and bitline diffusion, 
0035 FIGS. 3(a)-(I) show various processing steps that 
are employed in the-present invention in fabricating a trench 
capacitor Semiconductor memory device having a tempera 
ture Sensitive high dielectric constant material incorporated 
into the Storage node of the capacitor. 
0036 FIGS. 4(a)-(d) show various processing steps that 
are employed in fabricating the Semiconductor Structure 
illustrated in FIG. 3(a). 

DETAILED DESCRIPTION OF THE 
INVENTION 

0037. The present invention, which provides a process of 
fabricating a trench capacitor Semiconductor memory device 
having a temperature Sensitive high dielectric material incor 
porated into the Storage node of the capacitor, will now be 
described in greater detail by referring to the drawings that 
accompanying this application. It is noted that in the various 
drawings like elements or components are referred to be like 
and corresponding reference numerals. 
0.038 Before describing the process of the present inven 
tion it is again emphasized that the process of the present 
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invention overcomes the drawbacks in prior art deep trench 
Semiconductor memory cells by forming the trench Storage 
region after the STI regions and preformed layers of a GC 
Stack are formed. By forming the Storage trench after high 
temperature STI and GC processing, the temperature Sensi 
tive high dielectric constant material formed in the Storage 
trench of the memory cell does not degrade and thus it does 
not interact by diffusion with the underlying Semiconductor 
material. 

0039. Furthermore, in the present invention the buried 
Strap outdiffusion does not see Several high temperature 
processing Steps which contribute to large buried-Strap out 
diffusion in the prior art. Thus, the lateral outdiffusion of the 
buried-Strap formed in the present invention is significantly 
reduced as compared with prior art memory cell Structures. 
0040. With this in mind, attention is directed to FIG.3(a) 
which shows an initial Semiconductor Structure which is 
employed in Step (a) of the present invention. Specifically, 
the semiconductor structure shown in FIG. 3 (a) comprises 
a Semiconductor Substrate or wafer 10 having at least one 
Storage trench region 12 and a raised shallow trench isola 
tion (STI) region 14 adjacent to storage trench region 12 
formed therein. The structure further comprises preformed 
layerS 16 of a partial gate conductor Stack formed thereon 
which are spaced apart by Storage trench region 12 and 
raised STI region 14. 
0041) Semiconductor Substrate or wafer 10 is composed 
of any Semiconducting material including, but not limited to: 
Si, Ge, SiGe, GaAs, InAS, InP and all other III/V com 
pounds. Of these Semiconducting material, it is preferred 
that semiconductor substrate or wafer 10 be composed of Si. 
The Semiconductor Substrate or wafer may be of the p-type 
or the n-type depending on the type of Semiconductor 
memory device being manufactured. The preformed layers 
of the partial gate conductor shown in FIG. 3(a) are com 
posed of a bottom gate oxide layer 16a Such as SiO, a 
middle layer of polysilicon 16b and a top polish Stop layer 
16c Such as SiN. The layers are formed Sequentially on the 
Surface of the Semiconductor Substrate or wafer Starting with 
layer 16a, then 16b and finally 16c. 
0042. The structure shown in FIG. 3(a) is fabricated 
using conventional techniques well known to those skilled in 
the art. For example, the structure shown in FIG. 3(a) can 
be fabricated as is shown in FIGS. 4(a)-(d). Specifically, as 
is shown in FIG. 4(a), a semiconductor Substrate or wafer 10 
is first provided and gate oxide layer 16a is grown on the 
Surface of Semiconductor Substrate or wafer 10 using con 
ventional thermal growing techniques well known to those 
skilled in the art. This includes heating the Semiconductor 
Substrate or wafer in an oxygen ambient at a temperature of 
from about 800 to about 1100° C. until a gate oxide having 
a thickness of from about 4 to about 10 nm is formed on the 
Surface of the Semiconductor Substrate or wafer. 

0043. Next, a layer of polysilicon 16b is formed on the 
Surface of gate oxide 16a using Standard deposition tech 
niques well known to those skilled in the art. Suitable 
deposition processes that may be employed in forming 
polysilicon layer 16b include, but are not limited to: chemi 
cal vapor deposition, plasma vapor deposition, low preSSure 
chemical vapor deposition, high density chemical vapor 
deposition and other like deposition processes. The thick 
neSS of the polysilicon layer formed is typically in the range 
of from about 10 to about 500 nm. 
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0044 Polish stop 16c is then formed on polysilicon layer 
16b using Standard deposition techniques, including those 
mentioned above, that are well known to those skilled in the 
art. The polish Stop is composed of a conventional material 
Such as SiN which resists erosion during Subsequent pla 
narization and etching Steps. The thickness of the polish Stop 
layer formed is typically of from about 10 to about 500 nm. 
0045. The next step in forming the structure of FIG.3(a) 
is illustrated in FIG. 4(b). Specifically, FIG. 4(b) shows a 
structure which contains a trench 14a which is formed in 
layers 16a, 16b, and 16c as well as the surface of semicon 
ductor Substrate or wafer 10. It is noted that trench 14a is 
used in forming STI region 14. The structure of FIG. 4(b) 
is fabricated using Standard lithography, etching and pla 
narization, all of which are well known to those skilled in the 
art. 

0046) Specifically, the structure shown in FIG. 4(b) is 
fabricated by providing a conventional resist having a pre 
formed pattern on top of layer 16c of the structure shown in 
FIG. 4(a) using Standard deposition techniques which 
include spin-on coating and dip coating. The pattern is then 
etched by Standard etching techniques well known to those 
skilled in the art through layers 16c. 16b, 16a as well as into 
semiconductor substrate or wafer 10. Suitable etching tech 
niques that can be employed include, but are not limited to: 
reactive ion etching (RIE), plasma etching and ion beam 
etching. The depth that etching is performed into the Semi 
conductor Substrate or wafer is typically of from about 100 
to about 700 nm. It should be noted that the resist is removed 
at this time using conventional Stripping techniques well 
known to those skilled in the art. 

0047 A thermal silicon dioxide layer, not shown in the 
drawings, is then grown in the trench of the raised STI 
region using conventional thermal growing techniques, 
including the use of an oxygen-containing ambient and 
heating to a temperature of from about 750 to about 1100 
C. The thickness of the grown silicon dioxide layer in trench 
14a is typically of from about 3 to about 30 nm. A STI 
dielectric, not shown in the drawings, is then formed over 
the thermal Silicon dioxide layer using Standard deposition 
techniques Such as low preSSure chemical vapor deposition 
or a plasma-assisted process. Suitable STI dielectrics 
include, but are not limited to: high density plasma tetra 
ethylorthosilicate (HDP TEOS) oxide. It should be noted 
that in the drawings of the present invention, the above two 
components, i.e. thermal Silicon dioxide layer and STI 
dielectric are not shown. Instead, STI region 14 is meant to 
include those two components as well as others that may be 
present in a conventional STI region. 
0.048. To provide a planar structure, as is shown in FIG. 
4(b), the structure is then planarized using Standard pla 
narization techniques well known to those skilled in the art, 
including, but not limited to: chemical mechanical polish 
ing, RIE and grinding. 

0049 FIG. 4(c) shows the next steps employed in fab 
ricating the structure illustrated in FIG.3(a). Specifically, to 
the planarized structure of FIG. 4(b) there is formed a hard 
dielectric mask layer 18, e.g. boron doped Silicon dioxide 
(BSG), which is then patterned utilizing standard lithogra 
phy techniques and reactive ion etched to remove a portion 
of the hard dielectric mask. The patterned Structure is shown 
in FIG. 4(c). 
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0050. Next, a storage trench 20 is formed in semicon 
ductor substrate or wafer 10 using hard dielectric layer 18 as 
a masking film. Specifically, RIE using reactive gases Such 
as HBr, NF, O or He is employed in fabricating Storage 
trench 20. By “storage trench” it is meant that etching is 
performed to a depth of from about 1 to about 10 um. The 
Structure containing Storage trench 20 which forms the 
capacitor region of the device is shown in FIG. 4(d). Hard 
dielectric mask 18 is then removed by an HF-etching 
process to provide the structure shown in FIG. 3(a). 
0051. It is again emphasized that the above description 
provides one way of fabricating the structure shown in FIG. 
3(a). Other ways of fabricating the structure shown in FIG. 
3(a) are also known and are thus contemplated herein. 
0052. In accordance with step (b) of the present inven 
tion, a bottom electrode 22 is then formed in Storage trench 
20 (bottom wall, sidewalls as well as areas outside the deep 
trench) using conventional deposition techniques well 
known to those skilled in the art. For example, bottom 
electrode 22 can be formed by chemical vapor deposition, 
metallo-organic chemical vapor deposition, electroplating or 
electrodeleSS plating. The material employed in forming 
bottom electrode 22 includes any conductive oxide which is 
typically used as a bottom electrode of a capacitor. Exem 
plary conductive oxides include, but are not limited to: 
RuO, SrRuO, La-Sr-Co-O, IrO and other like con 
ductive oxides. In addition to conductive oxides, metals. Such 
as Pt or Ir can also be used as the bottom electrode. The 
structure containing bottom electrode 22 is shown in FIG. 
3(b). 
0053. In an optional embodiment of the present inven 
tion, a diffusion barrier layer is formed in storage trench 20 
prior to forming bottom electrode 22. Suitable diffusion 
barrier layers that can be optionally employed in the present 
invention include, but are not limited to: TiN, TiAlN, TaSiN, 
CoSi and other like materials which are capable of prevent 
ing the diffusion of oxygen into the Semiconductor Substrate 
or wafer. Chemical vapor deposition or physical vapor 
deposition are two deposition processes that can be 
employed in the present invention in forming the optional 
diffusion barrier layer. 
0054. After formation of bottom electrode 22, a layer of 
a temperature Sensitive high dielectric constant material 24 
is formed on the Surface of the bottom electrode, see FIG. 
3(c). The term “temperature sensitive” is used herein to 
denote a material which when in contact with Silicon and 
heated to temperatures over 600 C. oxidizes the silicon and 
degrades by reacting with Silicon or by breaking up into 
other compounds. The temperature Sensitive high dielectric 
constant material utilized herein is however not in direct 
contact with silicon. It nevertheless becomes unstable by 
itself at temperatures of about 550 C. and above. On the 
other hand, the term “high dielectric constant material' 
denotes a material which has a dielectric constant relative to 
a vacuum higher than about 7. More preferably, the high 
dielectric constant material employed in the present inven 
tion has a dielectric constant of from about 20 to about 
10,000. 

0055 Suitable temperature sensitive high dielectric con 
Stant materials that can be employed in the present invention 
include perovskite-type oxides Such as barium Strontium 
titanium oxide (BSTO), lead zirconium titanium oxide 



US 2001/0039087 A1 

(PZTO), strontium bismuth tantalate (SBT) and Ta-Os. The 
temperature Sensitive high dielectric constant material is 
formed on bottom electrode 22 using Standard deposition 
processes including chemical vapor deposition or Sputtering. 

0056. A top electrode 26 is then formed on top of 
temperature Sensitive material 24 utilizing Standard deposi 
tion techniques Such as chemical vapor deposition. The top 
electrode may be composed of the same or different con 
ductive oxide as the bottom electrode. Thus, top electrode 26 
may be composed of RuO, SrRuO, La-Sr-Co-O and 
IrO. Alternatively, Pt or Ir can be employed. The structure 
containing top electrode 26 is shown in FIG. 3(d). 
0057. In an optional, but highly preferred embodiment of 
the present invention, a conducting barrier layer is formed 
over top electrode 26 prior to filling the trench with poly 
silicon 28. This conducting barrier layer which is formed by 
conventional deposition processes Serves to prevent inter 
action between the temperature Sensitive high dielectric 
constant material and the polysilicon. TiN, TialN, CoSi and 
TaSiN are Some examples of conducting barrier layers that 
may be employed in the present invention. For clarity, the 
conducting barrier layer is not shown in the drawings. 
0.058. The remaining portion of storage trench 20 is filled 
with polysilicon 28, preferably n+-doped polysilicon, using 
Standard deposition processes and then the polysilicon is 
recessed using a dry etch containing gas Such as SF, He, O. 
or NF to a depth of from about 0.5 to about 1.5 lim. The 
Structure obtained from these combined Steps of the present 
invention is shown in FIG.3(e). 
0059. It should be noted that the recess process men 
tioned above and the description that follows regarding 
FIGS. 3(f)-(j) refers to processing steps that are employed in 
the present invention in fabricating the capacitor in the 
Storage trench region. 

0060 Next, as is shown in FIG. 3(f), a conformal insu 
lating collar oxide 30 is then formed over the semiconductor 
substrate or wafer 10 and the sidewalls of storage trench 20 
which were again left exposed by the above receSS process. 
The conformal insulating collar oxide is formed by conven 
tional deposition processes Such as low preSSure chemical 
Vapor deposition or plasma-assisted chemical vapor depo 
sition to a thickness of from about 10 to about 30% of the 
Storage trench diameter. Dry etching using an anisotropic 
removal processing gas Such as CF, CHF, CF, CFs, CO, 
O or Ar is then employed So as to etch material from the 
wafer plane and the bottom of Storage trench 20, but leaving 
material along the Sidewalls of the Storage trench. The trench 
is then filled with low preSSure chemical vapor deposited 
polysilicon 32 which may or may not be doped and pla 
narized utilizing a dry etch or chemical mechanical polish 
ing process. 

0061 As shown in FIG. 3(g), the low pressure chemical 
Vapor deposited polysilicon is then recessed to a predeter 
mined depth, e.g. 20 to 50 nm, utilizing a dry etch proceSS 
such as previously described hereinabove. The collar dielec 
tric is then removed using a HF containing etch from upper 
regions of the storage trench, See FIG. 3(h). 
0062) The next steps employed in the present invention in 
completing the fabrication of the capacitor in the Storage 
trench, which is shown in FIG. 3(i), comprise depositing a 
low pressure chemical vapor deposition polysilicon layer 34 
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which may or may not be doped over the Structure and then 
recessing using an anisotropic dry etch process containing 
gases such as HBr, Cl-, HCl, SF. He or O to a depth of 
from about 5 to about 30 nm below the Surface of semicon 
ductor Substrate or wafer 10. 

0063 Capacitor 36 is then completely fabricated in the 
Storage trench by forming a trench top oxide (TTO) dielec 
tric film 38 and planarizing to the top of layer 16c, See FIG. 
3(j). The TTO dielectric film is formed by conventional 
deposition processes including low preSSure chemical vapor 
deposition or plasma enhanced chemical vapor deposition 
and planarization is carried out using one of the previously 
mentioned planarization techniques, e.g. chemical mechani 
cal polishing. 

0064 FIG. 3(k) shows a structure which includes a 
completely formed gate conductor Stack which includes 
preformed gate conductor layerS 16a and 16b, as well as a 
polysilicon layer 16d, a salicide layer, i.e. WSi, 16e and cap 
layer, SiN, 16f Polysilicon layer 16d is formed using the 
Same deposition techniques as is described for polysilicon 
layer 16b. Layer 16e is formed by chemical vapor deposition 
or Sputtering and it has a thickness of from about 20 to about 
200 nm. In regard to cap layer 16f, that layer is formed by 
low pressure chemical vapor deposition and it has a final 
deposited thickness of from about 20 to about 300 nm. It 
should be noted that barrier layer 16c is removed prior to 
depositing layerS 16d, e and f. 

0065. The various gate stack layers are then patterned 
using conventional lithography and a RIE dry etch process 
stopping in gate oxide layer 16a and the TTO/STI oxide, See 
FIG. 3(1). A gate sidewall oxidation may be done by 
conventional process. Sidewall spacers 42, e.g. SiN., are 
formed over the patterned gate conductor Stack 4.0a using 
deposition techniques well known to those skilled in the art. 

0066. The semiconductor memory structure is then fully 
fabricated as follows: source/drain diffusion regions 50 are 
formed in the semiconductor Substrate or wafer 10 using 
conventional ion implantation followed by appropriate 
annealing steps. In FIG. 3(1), 50A represents a bitline 
diffusion region and the MOSFET region of the memory cell 
is defined as comprising patterned gate Stack region 40a, 
region 50 and region 50A. The gate sidewall oxidation and 
junction anneal Steps mentioned hereinabove drive the N-- 
dopant from polysilicon region 28 through polysilicon 
regions 32 and 34 forming a limited buried-strap outdiffu 
Sion region 44. The limited buried-Strap outdiffusion region 
of the present invention has a lateral dimension 52 of less 
than 50 nm. More preferably the lateral dimension 52 of the 
buried-strap is from about 15 to about 30 nm. 
0067. An insulating layer 46 such a boron-phosphorous 
doped glass is deposited over the Structure covering pat 
terned gate conductor regions 40a, exposed gate oxide 
region 16a, and capacitor 36 using conventional deposition 
processes Such as spin-on coating and chemical vapor depo 
Sition. Insulating layer 46 is then planarized using one of the 
aforementioned planarization techniques, and borderleSS 
diffusion contacts 48 are formed by standard lithography, 
dry etching, depositing a polysilicon layer and planarization. 

0068. It is noted that the memory cell of FIG. 3(1) is 
unlike prior art memory cells Since the lateral outdiffusion of 
the buried-Strap is significantly reduced as compared with 
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prior art Structures. More the distance, 6, is greater for the 
inventive Structure as compared with prior art Structures, like 
the type shown in FIG. 1. This greater distance means that 
the off-current problem typically observed with prior art 
Structures is significantly reduced herein. 
0069. In a DRAM cell in which the designed distance 43 
between the near edge of the trench capacitor and the far 
edge of the gate conductor Stack 4.0a is about 1.5 times a 
minimum feature size F of 0.15 um, the distance 62 is 
nominally at least 50% of the distance 43. A distance 6, of 
nominally 75% or greater can be achieved with the process 
disclosed herein for a 7FDRAM cell with F equal to 0.15 
micron. 

0070 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. 

Having thus described our invention, what we claim as new, 
and desire to secure by the Letters Patent is: 
1. A process of fabricating a trench capacitor Semicon 

ductor memory Structure comprising the Steps of: 
(a) providing a semiconductor Structure comprising a 

Semiconductor Substrate or wafer having at least one 
Storage trench region and a raised shallow trench 
isolation (STI) region adjacent to said storage trench, 
Said structure having preformed layers of a partial gate 
conductor Stack formed in Said Substrate or wafer 
which are spaced apart by Said Storage trench and 
raised STI regions; 

(b) forming a bottom electrode layer in Said storage trench 
region; 

(c) forming a temperature Sensitive high dielectric con 
Stant material on Said bottom electrode layer and lining 
Sidewalls of Said Storage trench region; 

(d) forming a top electrode over said temperature Sensi 
tive high dielectric constant material; 

(e) filling said storage trench region with polysilicon; 
(f) completing fabrication of a capacitor in said storage 

trench region; 
(g) forming a patterned gate conductor region from said 

preformed gate conductor Stack layers, and 
(h) forming Subsequent device connections So as to com 

plete fabrication of a trench capacitor Semiconductor 
memory cell. 

2. The process of claim 1 wherein said STI region and said 
partial GC Stack layers are formed prior to fabrication of Said 
trench Storage capacitor. 

3. The process of claim 1 wherein Said Semiconductor 
Substrate or wafer is composed of a Semiconducting material 
Selected from the group consisting of Si, Ge, SiGe, GaAS, 
InAS, InP and all other III/V compounds. 

4. The process of claim 1 wherein Said Semiconductor 
substrate or wafer is composed of Si. 

5. The process of claim 1 wherein said shallow trench 
isolation region includes a thermal Silicon dioxide layer and 
a shallow trench isolation dielectric. 
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6. The process of claim 1 wherein Said preformed partial 
gate conductor Stack comprises a bottom gate oxide layer, a 
middle layer of polysilicon and a top barrier layer, wherein 
Said layers are formed Sequentially on the Semiconductor 
Substrate or wafer. 

7. The process of claim 1 wherein said bottom and top 
electrodes are formed of the same or different conducting 
material Selected from the group consisting of RuO2, 
SrRuO, La-Sr-Co-O, IrO, Pt and Ir. 

8. The process of claim 1 wherein said bottom and top 
electrodes are formed by a deposition proceSS Selected from 
the group consisting of chemical vapor deposition, metallo 
organic chemical vapor deposition, electroplating and elec 
trodeleSS plating. 

9. The process of claim 1 wherein prior to step (b), a 
diffusion barrier layer is formed in Said Storage trench. 

10. The process of claim 9 wherein said diffusion barrier 
layer is formed by chemical vapor deposition or physical 
Vapor deposition. 

11. The process of claim 9 wherein said diffusion barrier 
layer is composed of TiN, TiAIN, CoSi or TaSiN. 

12. The process of claim 1 wherein Said temperature 
Sensitive high dielectric material is a material which may 
become unstable and also oxidize Silicon when exposed to 
temperatures over 550 C. and has a dielectric constant of 
about 7 or higher. 

13. The process of claim 12 wherein said temperature 
Sensitive high dielectric constant material has a dielectric 
constant of from about 20 to about 10,000. 

14. The process of claim 1 wherein said temperature 
Sensitive high dielectric constant material is a material 
Selected from the group consisting of barium Strontium 
titanium oxide (BSTO), lead zirconium titanium oxide 
(PZTO), strontium bismuth tantalate (SBT) and Ta-Os. 

15. The process of claim 1 wherein said temperature 
sensitive high dielectric constant material is BSTO. 

16. The process of claim 1 wherein Said temperature 
Sensitive high dielectric constant material is formed by a 
deposition proceSS Selected from the group consisting of 
chemical vapor deposition and Sputtering. 

17. The process of claim 1 wherein said polysilicon in step 
(e) is doped with a dopant. 

18. The process of claim 17 wherein said dopant is a 
N+dopant. 

19. The process of claim 1 wherein said storage trench 
region has a depth of from about 1 to about 10 lim. 

20. The process of claim 1 wherein after step (d), but prior 
to step (e), a conducting barrier is formed on said top 
electrode. 

21. The process of claim 20 wherein Said conducting 
barrier layer is TiN, TiAlN, CoSi or TiSiN. 

22. The process of claim 17 further comprising Subse 
quent gate Sidewall oxidation and anneal Steps which cause 
outdiffusion of the dopant from Said polysilicon into Said 
Semiconductor Substrate or wafer forming a buried-Strap 
outdiffusion region whose lateral size is less than 50 nm. 

23. The process of claim 22 wherein said lateral size of 
said outdiffusion region is between about 15 and about 30 

. 

24. A memory cell comprising 

a capacitor formed in a trench located in a Semiconductor 
Substrate or wafer; 
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a MOSFET formed in said semiconductor Substrate or 
wafer, said MOSFET comprising at least a patterned 
gate conductor Stack and Source/drain regions, Said 
capacitor and said MOSFET being connected by a 
buried-Strap outdiffusion region whose lateral outdif 
fusion is less than 50 nm. 

25. The memory cell of claim 24 wherein said lateral 
outdiffusion is from about 15 to about 30 nm. 

26. The memory cell of claim 24 wherein said buried 
Strap outdiffusion region is positioned adjacent to Said 
capacitor. 

27. The memory cell of claim 24 wherein said semicon 
ductor substrate of wafer is composed of Si. 

28. The memory cell of claim 24 wherein said capacitor 
comprises a temperature Sensitive high dielectric constant 
material. 

29. The memory cell of claim 28 wherein said tempera 
ture Sensitive high dielectric material is a material which 
may become unstable and also oxidize Silicon when exposed 
to temperatures over 550° C. and has a dielectric constant of 
about 7 or higher. 

30. The memory cell of claim 29 wherein said tempera 
ture Sensitive high dielectric constant material has a dielec 
tric constant of from about 20 to about 10,000. 

31. The memory cell of claim 28 wherein said tempera 
ture Sensitive high dielectric constant material is a material 
Selected from the group consisting of barium Strontium 
titanium oxide (BSTO), lead zirconium titanium oxide 
(PZTO), strontium bismuth tantalate (SBT) and Ta-Os. 

Nov. 8, 2001 

32. The memory cell of claim 28 wherein said tempera 
ture sensitive high dielectric constant material is BSTO. 

33. A memory cell comprising 
a capacitor formed in a trench located in a Semiconductor 

Substrate or wafer; 
a MOSFET formed in said semiconductor Substrate or 

wafer, said MOSFET comprising at least a patterned 
gate conductor Stack, a near Source/drain region located 
between Said gate conductor Stack and Said capacitor, a 
far Source/drain region located on a side of Said gate 
conductor Stack opposite Said near Source/drain region 
said capacitor and said MOSFET being connected by a 
buried-Strap outdiffusion region laterally extending 
from an edge of Said trench toward Said gate conductor 
Stack; 

Said capacitor and Said Source/drain regions having lateral 
dimensions photolithographically patterned to a mini 
mum feature size of about 0.15 micron or Smaller; 

Said memory cell characterized by a distance parameter, 
Said parameter being the lateral distance between a near 
edge of Said far Source/drain region and a near edge of 
Said outdiffusion region, Said parameter having a value 
of between about 50% to greater than 75% of a lateral 
distance between Said far gate conductor edge and Said 
trench edge. 


