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(57) ABSTRACT 

Aprocess for forming a sacri?cial collar on the top portion 
of a deep trench (114) of a semiconductor Wafer (100). A 
nitride layer (116) is deposited Within the trenches (114). A 
semiconductor material layer (120) is deposited over the 
nitride layer (116) and is etched back to a predetermined 
height (A) beloW the substrate 112 top surface. A semicon 
ductor material plug (132) is formed at the top surface of the 
recessed semiconductor material layer (120), leaving a void 
(133) in the bottom of each trench (114). An oxide layer 
(134) and nitride layer (136) are formed over the Wafer (100) 
and trenches (116), and the semiconductor material plug 
(132) and semiconductor material layer (120) are removed 
from the bottom of the trenches (116). 
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PROCESS FLOW FOR SACRIFICIAL COLLAR 
WITH POLYSILICON VOID 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to commonly-assigned 
US. patent application Ser. No. 09/939,554 ?led on Aug. 28, 
2001 by TeWs, et. al, entitled “Process FloW for TWo-Step 
Collar In DRAM Preparation,” Which is incorporated herein 
by reference. 

TECHNICAL FIELD 

[0002] The present invention relates generally to the fab 
rication of semiconductor integrated circuits (IC’s), and 
more particularly to the fabrication of memory IC’s. 

BACKGROUND 

[0003] Semiconductor devices are used in a variety of 
electronic applications, such as personal computers and 
cellular phones, for eXample. The semiconductor industry in 
general is being driven to decrease the siZe of semiconductor 
devices located on integrated circuits. MiniaturiZation is 
generally needed to accommodate the increasing density of 
circuits necessary for today’s semiconductor products. 

[0004] One semiconductor product Widely used in elec 
tronic systems for storing data is a semiconductor memory 
device, and a common type of semiconductor memory 
device is a dynamic random access memory (DRAM). A 
DRAM typically includes millions or billions of individual 
DRAM cells arranged in an array, With each cell storing one 
bit of data. A DRAM memory cell typically includes an 
access ?eld effect transistor (PET) and a storage capacitor. 
The access FET alloWs the transfer of data charges to and 
from the storage capacitor during reading and Writing opera 
tions. In addition, the data charges on the storage capacitor 
are periodically refreshed during a refresh operation. 

[0005] More recent DRAM designs involve manufactur 
ing storage capacitors that comprise deep trenches and an 
overlying transistor disposed over the deep trench storage 
cells formed in a subsequent layer. This type of DRAM 
structure is referred to as a vertical DRAM. 

[0006] An interim structure often used in the formation of 
deep trench storage cells is a sacri?cial collar. A sacri?cial 
collar comprises a thin insulating collar layer formed at the 
top of DRAM trench that is left remaining during trench 
processing, for eXample, during bottle etch and doping of the 
semiconductor substrate Within the deep trench. The sacri 
?cial collar is removed prior to the completion of the 
semiconductor memory device, and is replaced by a perma 
nent collar after the deep trench processing is completed. 

[0007] Formation of sacri?cial collars results in the ability 
to easily perform processing steps in the trench before a 
thick oXide layer or permanent collar around the top part of 
a trench is formed. The permanent thick collar is required to 
electrically isolate memory cells from one another, and 
serves to reduce parasitic vertical transistor action in the 
?nished device. 

[0008] With the trend toWards decreasing the siZe of 
semiconductor components, manufacturing sacri?cial col 
lars in deep trenches having high aspect ratios proves 
challenging. 
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SUMMARY OF THE INVENTION 

[0009] Embodiments of the present invention achieve 
technical advantages as a process How for a sacri?cial collar 
scheme for a trench in a semiconductor device, such as a 
DRAM. The process How presented here ensures that there 
is a void in the sacri?cial semiconductor material deposited 
in each trench of a Wafer When the sacri?cial collar is 
formed, making it easier to remove the sacri?cial semicon 
ductor material. A semiconductor material layer is deposited 
on the sideWalls of the trenches, and a semiconductor 
material plug is formed at the top of the semiconductor 
material layer to leave a void in the bottom of the trenches. 

[0010] In one embodiment, disclosed is a method of 
manufacturing a semiconductor device, comprising provid 
ing a semiconductor substrate, and forming a plurality of 
trenches in the substrate. The method includes forming at 
least a ?rst insulating layer over the substrate along the 
trench sideWalls, and forming a semiconductor material 
layer over the ?rst insulating layer along the trench side 
Walls. The method includes recessing the semiconductor 
material layer to a predetermined height beloW the substrate 
top surface, forming a semiconductor material plug at the 
top surface of the recessed semiconductor material layer, 
leaving a void in the bottom of each trench, and depositing 
a second insulating layer over the ?rst insulating layer and 
over the semiconductor material layer and plug Within the 
trenches. The second insulating layer is removed from the 
top surface of the substrate and the horiZontal top surface of 
the semiconductor material plug, leaving portions of the 
second insulating layer at the sideWall in the top area of the 
trenches. The semiconductor material plug is removed, and 
the semiconductor material layer is removed from Within the 
trenches. 

[0011] In another embodiment, disclosed is a method of 
forming a sacri?cial collar in a semiconductor device having 
a plurality of trenches formed in a substrate, the trenches 
having sideWalls, the method comprising forming a ?rst 
nitride layer on the trench sideWalls, and forming a semi 
conductor material layer over the ?rst nitride layer at least 
along the trench sideWalls. The method includes recessing 
the semiconductor material layer to a predetermined depth 
beloW the substrate surface, forming a semiconductor mate 
rial plug at the top surface of the recessed semiconductor 
material layer, leaving a void in the bottom of each trench, 
and depositing a ?rst oXide layer over the ?rst nitride layer, 
the recessed semiconductor material layer and semiconduc 
tor material plug. The method includes depositing a second 
nitride layer over the ?rst oXide layer, and removing the ?rst 
oXide layer and second nitride layer from the top surface of 
the substrate and the top surface of the semiconductor 
material plug, leaving portions of the ?rst oXide layer and 
second nitride layer at the top of the trenches along the 
sideWalls. The semiconductor material plug and the semi 
conductor material layer are removed from Within the 
trenches. 

[0012] Advantages of embodiments of the invention 
include providing a thin semiconductor material layer that is 
easy to remove from a trench of a semiconductor Wafer. A 
shorter etch process may be used to remove the semicon 
ductor material layer than prior art etch processes that Were 
required to remove semiconductor material from the entire 
trench. Over-etching of the Wafer is prevented, With the use 
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of the shorter etch process required to remove the semicon 
ductor material layer. Furthermore, the recess depth of the 
collar is more precisely controllable than in prior art pro 
cesses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The above features of embodiments of the present 
invention Will be more clearly understood from consider 
ation of the following descriptions in connection With 
accompanying draWings in Which: 

[0014] FIGS. 1 and 2 illustrate cross-sectional vieWs of a 
less preferred sacri?cial collar manufacturing process ?oW; 

[0015] FIG. 3 shoWs a cross-sectional vieW of problems 
With the less preferred sacri?cial collar process ?oWs shoWn 
in FIGS. 1 and 2; 

[0016] FIGS. 4 through 8 illustrate cross-sectional vieWs 
of a semiconductor device at various stages of fabrication in 
accordance With an embodiment of the present invention, a 
process How for forming a sacri?cial collar using a semi 
conductor material layer and semiconductor material plug; 

[0017] FIG. 9 illustrates a cross-sectional vieW of a Wafer 
after the semiconductor material layer and semiconductor 
material plug are removed; and 

[0018] FIG. 10 shoWs a top vieW of a trench 116 in 
accordance With an embodiment of the present invention. 

[0019] Corresponding numerals and symbols in the dif 
ferent ?gures refer to corresponding parts unless otherwise 
indicated. The ?gures are draWn to clearly illustrate the 
relevant aspects of the preferred embodiments and are not 
necessarily draWn to scale. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0020] Aless preferred process How for forming sacri?cial 
collars Will be discussed, folloWed by a description of some 
exemplary embodiments of the present invention and a 
discussion of some advantages thereof. While a cross 
section of one memory cell is shoWn in most of the ?gures, 
many other memory cells and components of memory cells 
may be present in the semiconductor devices shoWn. 

[0021] A less preferred method of forming a sacri?cial 
collar, disclosed in US. patent application Ser. No. 09/939, 
554, incorporated herein by reference, Will ?rst be described, 
With reference to FIG. 1. After a pad nitride 14 is deposited 
on a substrate 12 of a Wafer 10, a deep trench etch is 
performed to form deep trenches 16. The trenches 16 may be 
10 pm deep and have a top diameter, typically oval-shaped, 
of 100 nm Wide, although as feature siZes of semiconductor 
devices are decreasing, these dimensions are decreasing. A 
thin nitride liner 18 is deposited on the trench 16 sideWalls, 
e.g. SiN deposited by chemical vapor deposition (CVD). 

[0022] The trenches 16 are ?lled With sacri?cial polysili 
con 20. This polysilicon 20 is referred to as “sacri?cial” 
because it Will not remain in place in the ?nished product. 
The term “polysilicon” is used herein to refer to both 
amorphous and polycrystalline silicon. After the trench ?ll, 
the sacri?cial polysilicon 20 is etched or recessed to a 
predetermined depth, e.g., approximately 1.5 pm, beloW the 
Wafer surface or bottom of the pad nitride 14, respectively. 
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The etch step de?nes the bottom position of the desired 
collar and, at the same time, the top position of buried plate 
doping and bottle etch. 

[0023] After recessing the sacri?cial polysilicon, a thin 
oxide layer 22 is formed or deposited that functions as an 
etch stop for the bottom nitride 18 strip process. Oxide layer 
22 is formed over the recessed polysilicon 20 and nitride 
liner 18. A thin top nitride layer 24, Which Will function as 
an etch stop for sacri?cial polysilicon 20 strip process, is 
formed over the oxide layer 22. 

[0024] ShoWn in FIG. 2, the Wafer 10 is exposed to a 
reactive ion etch (RIE) open process, e.g., using an aniso 
tropic RIE process, opening only the horiZontal part of the 
layers, exposing the sacri?cial polysilicon 20 in the trenches 
16, and leaving nitride layer 24 and oxide layer 22 on the 
sideWalls of the trenches 16. 

[0025] The sacri?cial polysilicon 20 is stripped, With a Wet 
chemical strip, for example. The nitride layer 24 on the 
sideWalls protects the oxide layer 22 during the strip process. 
A nitride etch is used to remove the nitride layer 18 from the 
bottom of the trenches 16 and the nitride layer 24 from the 
collar area along the trench 16 sideWalls. The bare silicon 
Walls of the substrate 12 are noW exposed in the bottom of 
the trench 16. 

[0026] Using the sacri?cial collar remaining at the top of 
the trenches 16 created by oxide 24 and nitride 18, the 
bottom of the trenches 16 may then be processed further, for 
example, a silicon etch bottle process, shoWn at 26, may be 
used to Widen the trench 16. A gas-phase doping may then 
be performed, e.g., injecting arsine gas at high temperatures, 
diffusing the arsenic into the silicon sideWalls, forming a 
highly-doped region Which Will function as the outer elec 
trode of a DRAM capacitor, for example. 

[0027] The Wafer 10 may then be processed further 
according to standard processing procedures to complete the 
manufacturing of the semiconductor Wafer, e.g., depositing 
the capacitor dielectric, Which may comprise a nitride, the 
trench may be ?lled With highly-doped polysilicon to form 
the inner electrode, and the upper layer processing may be 
completed, for example, including depositing the ?nal thick 
collar, and constructing a vertical transistor in the top part of 
the trench 16 Which acts as the array transistor that sWitches 
charge into and out of the trench 16. 

[0028] A problem With the process described for FIGS. 1 
and 2 is that ?lling a deep trench With polysilicon is a 
complex procedure prone to problems. The deposition of the 
polysilicon is usually not uniform, resulting in points Where 
the trenches close, in the deposition process. Depending on 
the shape of the trenches 16 and on the polysilicon deposi 
tion process, narroW voids sometimes form inside the 
trenches 16 Within the polysilicon 20 after the sacri?cial 
polysilicon 20 ?ll process, as shoWn in FIG. 3. 

[0029] When a void 28 is present, only a Weak etch is 
required for the sacri?cial polysilicon 20 strip process. 
HoWever, the void 28 formation is very sensitive to the 
shape of the trench, eg the taper angle of the sideWalls, as 
Well as to the detailed process parameters of the polysilicon 
?ll process. It is a statistical phenomenon that is unpredict 
able and uncontrollable in deep trenches, and voids 28 do 
not exist in all trenches. Voids 28 may occur anyWhere 
Within the trench 16, e.g., near the bottom, as shoWn at 28a, 
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near the top as shown at 28c, or near the center of the trench 
16 (not shown). The voids 28 may comprise a variety of 
sizes, shapes and positions. Uncontrolled void 28 formation 
is detrimental because it increases the time required to 
remove the polysilicon 20 from the trenches, introducing 
uncertainties in the process ?oW. 

[0030] Another problem is that trench 16 formation is 
imperfect. The diameter of the trenches 16 typically varies 
over a single Wafer due to radial dependences of the litho 
graphic masking process, the mask open etch process of hard 
masks, and radial dependences of the trench dry etch. For 
example, trenches 16a and 16c have substantially the same 
diameter, While trench 16b has a smaller diameter than 
average and trench 16d has a Wider diameter than average, 
for trenches 16 on the Wafer 10. This is disadvantageous 
because during the etch-back of the polysilicon 20, more 
polysilicon 20 Will be removed in trench 16d, and less 
polysilicon 20 Will be removed in trench 16b. Thus, the 
collars of the trenches formed later Will have different 
heights for the memory array. 

[0031] Another problem is that the temperature varies 
slightly during polysilicon deposition, resulting in varying 
deposition rates from the center to the edge of the Wafer. The 
higher the temperature, the more polycrystalline and less 
conformal the polysilicon 20 becomes. Therefore, over a 
single Wafer 10 surface, the conformality of the deposition 
changes. At a very loW deposition rate and loW temperature, 
the deposition rate is very conformal, but increasing the 
temperature by 10 degrees, the chance of having a void 
formation is much greater. Therefore, the chance of having 
a void 28 or not having a void varies across the surface of 
a Wafer 10. 

[0032] The polysilicon 20 is dif?cult to remove Within the 
deep trenches 16. To remove the polysilicon 20, it has to be 
assumed that no void is present in the polysilicon. Therefore 
a very lengthy etch procedure With high concentrations of 
etchant chemicals is required. Special precautions have to be 
made to assure that the nitride layers 18 and 24 are free from 
pinholes. Also, it has to be avoided that a highly concen 
trated etch may damage the Wafer substrate on the edges of 
the Wafer 10, Which often is referred to in the art as black 
silicon or under-etching. Black silicon is very damaging in 
a Wafer 10 fabrication process, because particulates are 
created that damage Wafers 10 and leave particulates in the 
Wafer processing equipment, Which can subsequently cause 
damage to other Wafers processed in the equipment. The 
sacri?cial polysilicon etch process is required to etch a 
signi?cant amount of silicon equal to the trench depth, e.g., 
7-8 pm. Furthermore, it is very difficult to remove all of the 
polysilicon 20 from the bottom of the trenches 16. 

[0033] Embodiments of the present invention ensure the 
formation of a void, making the amount of polysilicon 
Within the trenches predictable, improving the process ?oW, 
reducing the etch time, and resulting in collars of substan 
tially the same height across the entire Wafer. Athin layer of 
semiconductor material is deposited on the sideWalls of the 
trenches, making the formation of voids predictable and 
reducing the etch time to remove the semiconductor mate 
rial. 

[0034] Embodiments of the present invention provide 
technical advantages as a process How for forming a sacri 
?cial collar in a deep trench of a memory cell. FIGS. 4-9 
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shoW cross-sectional vieWs of a Wafer 100 in various stages 
of manufacturing in accordance With an embodiment of the 
present invention. 

[0035] ShoWn in FIG. 4, a Wafer 100 is provided having 
a substrate 112. The substrate 112 typically comprises a 
semiconductor material such as single-crystal silicon, and 
may include other conductive layers or other semiconductor 
elements such as transistors or diodes, as examples. The 
substrate 112 may alternatively comprise compound semi 
conductors such as GaAs, InP, Si/Ge, SiC, as examples. 

[0036] A pad nitride 114 is deposited over the substrate 
112. The pad nitride 114 may comprise silicon nitride 
deposited in a thickness of about 100 to 300 nm, for 
example, and alternatively, pad nitride 114 may comprise 
other nitrides. An optional oxide layer (not shoWn) com 
prising about 50 A of SiO2, for example, may be deposited 
on the substrate 112 prior to the deposition of the pad nitride 
114 to reduce thermal stress effects. 

[0037] The Wafer 100 is patterned using conventional 
lithography techniques and etched to form deep trenches 116 
in the substrate 112 and pad nitride 114. The deep trenches 
116 may be about 10 pm deep and 100 nm in diameter Wide, 
as examples, although these parameters are a function of the 
ground rules for the particular device being manufactured. 

[0038] A ?rst nitride layer 118 is deposited over the pad 
nitride 112 and substrate 112. First nitride layer 118 prefer 
ably comprises about 40 to 80 A of silicon nitride or Si3N4 
deposited by loW pressure CVD (LPCVD), for example. 
First nitride layer 118 may alternatively comprise other 
nitrides, for example. 

[0039] A sacri?cial semiconductor material layer 120 is 
deposited over the ?rst nitride layer 118. The semiconductor 
material layer 120 may comprise, for example, polysilicon 
or amorphous silicon, preferably deposited in a thickness of 
20 to 40 nm on the trench 116 sideWalls. The semiconductor 
material layer 120 may also comprise other semiconductor 
materials. 

[0040] The semiconductor material layer 120 surface is 
oxidiZed to form a thin oxide layer 122. Thin oxide layer 122 
may be formed by exposing the Wafer 100 to a temperature 
of 600 to 800 degrees C. for a feW minutes to form 5 to 20 
A of an oxide such as SiO2, for example. 

[0041] An oxide RIE open step at the Wafer surface is 
performed Which is preferably anisotropic, e.g., only the 
horiZontal surfaces of the Wafers are etched. The RIE etch 
preferably comprises a dry etch using chlorine or ?uorine 
ions, as examples. In particular, preferably, the thin oxide 
layer 122 and semiconductor material layer 120 are removed 
from the top surface of the Wafer 100 and, eventually, from 
the bottom of the trenches 116 at 130, shoWn in FIG. 5. 

[0042] The semiconductor material 120 is recessed to a 
predetermined depth “A”, eg 1500 nm beloW the substrate 
112 top surface. See Us. Pat. No. 6,008,104 Which discloses 
a polysilicon ?ll and recess in a trench. 

[0043] In the semiconductor material layer 120 recess 
step, the thin oxide layer 122 prevents the attack of the 
sacri?cial semiconductor material layer 120 from the trench 
sideWalls by the media used for the semiconductor material 
layer 120 recess. This is important because the media used 
for the recess step may etch at least partially isotropically. 
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[0044] The thin oxide layer 122 is removed in an etch step, 
shown in FIG. 6. 

[0045] Next, according to embodiments of the present 
invention, a semiconductor material layer divot ?ll step is 
performed to form a semiconductor material plug 132 at the 
top surface of the recessed semiconductor material layer, 
leaving a void 133 in each trench. The divot ?ll step may be 
performed using, preferably, around 50 nm, and more pref 
erably, betWeen 30 to 60 nm of a polysilicon deposition 
under conditions Where the deposition is not very conformal, 
i.e., at relatively high deposition temperatures. The semi 
conductor material plug 132 may also comprise other semi 
conductor materials, for example. 

[0046] Formation of the semiconductor material plug 132 
in this controlled manner is advantageous because a void 
133 Will de?nitely be formed in each trench, decreasing the 
etch time required to remove semiconductor material layer 
120 and making the etch process more predictable. 

[0047] After the polysilicon deposition to form the plug 
132, a Wet chemical etch is performed to remove polysilicon 
from the top of the Wafer 100, leaving the plug 132 in place. 

[0048] ShoWn in FIG. 7, an oxide layer 134 is formed over 
the nitride layer 118, the semiconductor material plug 132 
and top portion of semiconductor material layer 120. The 
oxide layer 134 preferably comprises silicon dioxide, and 
may alternatively comprise other oxides, for example. Oxide 
layer 134 may be deposited by chemical vapor deposition 
(CVD), and alternatively, oxide layer 134 may be formed by 
oxidiZing the top surface of the ?rst nitride layer 118, 
semiconductor material 120, and plug 132, as examples. 
Preferably, the oxide layer 134 comprises a thickness of 
about 20 to 40 A, for example. 

[0049] A nitride layer 136 is formed over the oxide layer 
134. The nitride layer 136 is preferably deposited in a 
thickness of about 30 to 80A, for example, and may com 
prise SiN or other nitrides. 

[0050] A RIE open step is performed, preferably compris 
ing an anisotropic or vertical etch of the nitride layer 136 and 
the oxide layer 134, to remove the nitride layer 136 and 
oxide layer 134 from the top surface of the Wafer 100 and the 
top of the semiconductor material 120 and plug 132, as 
shoWn in FIG. 8. The RIE etch preferably comprises a dry 
etch using chlorine or ?uorine ions, as examples. Preferably, 
an overetch is performed to remove the semiconductor 
material plug 132 as part of the same RIE step. Removing 
the plug 132 to open the void 133 during the RIE open step 
makes the subsequent sacri?cial semiconductor material 
strip or removal easier. 

[0051] Alternatively, separate etch processes optimum for 
oxide, nitride and the plug semiconductor material may be 
used to remove the nitride layer 136, oxide layer, and 
semiconductor plug 132 in separate steps. 

[0052] Next, the sacri?cial semiconductor material 120 is 
removed from the trench 116 bottom, as shoWn in FIG. 9. 
Only a short etch process is required for the removal of the 
sacri?cial semiconductor material 120, eg about 100 nm of 
silicon in case of sacri?cial polysilicon. 

[0053] A nitride etch is performed on the Wafer 100 to 
remove the nitride 136 from the trench 116 sideWalls and 
from the bottom 118 of the trenches 116. The oxide layer 134 
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and nitride layer 118 remain at the top of the trenches 116 as 
a protective collar during subsequent bottle etching and 
gas-phase doping of the trench 116 bottom surface. Process 
ing of the Wafer 100 is then continued as in the prior art. 

[0054] Control of polysilicon recess depth in DRAM 
trenches by using non-uniform polysilicon deposition may 
be improved in accordance With embodiments of the present 
invention. It has been observed in semiconductor device 
manufacturing that trenches 116 have varying diameter over 
the Wafer 100 surface. Typically, trench 116 diameter is 
smaller at the Wafer 100 center as compared to Wafer 100 
edge, Which is referred to as critical dimension (CD) varia 
tion. The polysilicon recess depth depends on the CD: e.g., 
smaller trenches have a more shalloW recess depth. It is 
dif?cult to deposit uniformly thick polysilicon from a Wafer 
center to a Wafer edge. 

[0055] By the use of embodiments of the present inven 
tion, the polysilicon recess uniformity can be signi?cantly 
improved by deposition of a thin polysilicon layer as com 
pared to a complete trench ?ll by polysilicon as in prior art 
and less preferred methods. 

[0056] For illustration, FIG. 10 shoWs a top vieW of a 
trench 116. For simplicity, in the calculations presented 
herein, the trench 116 is shoWn as circular With radius “R”, 
although preferably, the trench 116 is oval in shape. A 
semiconductor material, e.g., polysilicon layer of thickness 
“t” has been deposited on the trench sideWalls, as shoWn. 

[0057] The area of the polysilicon layer in this top vieW is 
equal to: 

[0058] If the CD is larger at the Wafer edges as compared 
to the Wafer center, then: 

[0059] If the thickness of the polysilicon layer varies from 
center to edge as t+At, then: 

[0060] The polysilicon surface area is constant, if the 
polysilicon thickness variation over the Wafer is chosen such 
that: 

AR=AL Eq. 4: 

[0061] The polysilicon recess depth depends on the CD of 
trench layouts; e.g., it is a function of the total amount of 
polysilicon required to be etched. In prior art processes, for 
larger completely ?lled trenches, there is more polysilicon to 
be etched, and for smaller completely ?lled trenches, there 
is less polysilicon to be etched. This Will result in a variation 
in recess depth from center to edge on the Wafer. 

[0062] HoWever, if the total amount of polysilicon 
required to be etched is constant by depositing a thin layer 
of polysilicon on the trench sideWalls in accordance With 
embodiments of the present invention, the polysilicon recess 
depth is independent from the CD variations. 

[0063] Note that these calculations are true for systematic 
variations over the Wafer surface. These variations usually 
represent the main part of the CD variations and are caused 
by the mask open process of the hard mask as Well as on the 
etch process itself. 
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[0064] One goal in accordance With an embodiment of the 
present invention is to shape the radial polysilicon deposi 
tion uniformity such that the condition AR=At is ful?lled. 
The thickness variation of deposited polysilicon 120 
depends to a large eXtent on the temperature uniformity of 
the Wafer 100 during deposition. The thickness distribution 
can be changed by selecting the appropriate temperature 
center-to-edge of the Wafer to achieve the same polysilicon 
recess depth everyWhere on the Wafer. 

[0065] With respect to the polysilicon recess in trenches, 
embodiments of the invention alloW for uniform recess 
depth independent of systematic center-to-edge CD varia 
tion. 

[0066] While embodiments of the present invention are 
primarily described herein With reference to an embodiment 
manufacturing a DRAM, they also have useful application 
in ferroelectric random access memory (FRAM) devices and 
other semiconductor devices. For example, other semicon 
ductor devices having topographies With trench-like, stack 
like or via features may bene?t from the manufacturing 
processes described herein. Embodiments of the present 
invention provide several advantages over prior art pro 
cesses to form sacri?cial collars of deep trenches of memory 
cells. The semiconductor material layer 120 comprises a thin 
layer that is easy to remove from the trench. A shorter etch 
process may be used to remove semiconductor material 
layer 120 than prior art etch processes that Were required to 
remove semiconductor material from the entire trench. 
Overetching of the Wafer 100 is prevented, With the use of 
the shorter etch required to remove the semiconductor 
material layer 120. Furthermore, the recess depth of the 
collar is more controllable than in prior art processes. 

[0067] While the invention has been described With ref 
erence to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various modi 
?cations in combinations of the illustrative embodiments, as 
Well as other embodiments of the invention, Will be apparent 
to persons skilled in the art upon reference to the description. 
In addition, the order of process steps may be rearranged by 
one of ordinary skill in the art, yet still be Within the scope 
of the present invention. It is therefore intended that the 
appended claims encompass any such modi?cations or 
embodiments. Moreover, the scope of embodiments of the 
present application is not intended to be limited to the 
particular embodiments of the process, machine, manufac 
ture, composition of matter, means, methods and steps 
described in the speci?cation. Accordingly, the appended 
claims are intended to include Within their scope such 
processes, machines, manufacture, compositions of matter, 
means, methods, or steps. 

What is claimed is: 
1. A method of manufacturing a semiconductor device, 

comprising: 

providing a semiconductor substrate, the substrate having 
a top surface; 

forming a plurality of trenches in the substrate, the 
trenches having sideWalls; 

forming at least a ?rst insulating layer over the substrate 
along the trench sideWalls; 
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forming a semiconductor material layer over the ?rst 
insulating layer along the trench sideWalls; 

recessing the semiconductor material layer to a predeter 
mined height beloW the substrate top surface; 

forming a semiconductor material plug at the top surface 
of the recessed semiconductor material layer, leaving a 
void in the bottom of each trench; 

depositing a second insulating layer over the ?rst insu 
lating layer and over the semiconductor material layer 
and plug Within the trenches; 

removing the second insulating layer from the top surface 
of the substrate and the top surface of the semiconduc 
tor material plug, leaving portions of the second insu 
lating layer at the top of the trenches; 

removing the semiconductor material plug; and 

removing the semiconductor material layer from Within 
the trenches. 

2. The method according to claim 1, Wherein removing 
the semiconductor material layer from the top surface of the 
substrate and removing the second insulating layer comprise 
anisotropic etches. 

3. The method according to claim 1, Wherein the ?rst 
insulating layer comprises a nitride and the second insulat 
ing layer comprises an oxide. 

4. The method according to claim 3, Wherein the semi 
conductor material layer and semiconductor material plug 
comprise amorphous or polycrystalline silicon. 

5. The method according to claim 4, Wherein the ?rst 
insulating layer comprises SiN and the second insulating 
layer comprises SiO2. 

6. The method according to claim 5, further comprising: 

depositing a third insulating layer over the second insu 
lating layer, after depositing a second insulating layer; 
and 

removing the third insulating layer from the top surface of 
the substrate and the top surface of the semiconductor 
material plug, before removing the second insulating 
layer, leaving portions of the third insulating layer at 
the top of the trenches over the second insulating layer. 

7. The method according to claim 6, Wherein the third 
insulating layer comprises a nitride. 

8. The method according to claim 7, Wherein the third 
insulating layer comprises SiN. 

9. The method according to claim 1, further comprising 
depositing a pad nitride, prior to forming the trenches. 

10. The method according to claim 1, further comprising: 

forming an oXide layer over the semiconductor material 
layer; and 

removing the oXide layer, before forming a semiconductor 
material plug. 

11. The method according to claim 1, further comprising 
performing a bottle etch of the bottom of the trenches. 

12. The method according to claim 11, further comprising 
doping the bottom of the trenches. 

13. The method according to claim 1, Wherein depositing 
a semiconductor material layer comprises depositing 50 to 
200 A of amorphous or polycrystalline silicon. 
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14. The method according to claim 1, wherein forming a 
semiconductor material plug comprises depositing 30-60 nm 
of amorphous or polycrystalline silicon under nonconformal 
conditions. 

15. A method of forming a sacri?cial collar in a semi 
conductor device having a plurality of trenches formed in a 
substrate, the trenches having sideWalls, the method com 
prising: 

forming a ?rst nitride layer on the trench sideWalls; 

forming a semiconductor material layer over the ?rst 
nitride layer at least along the trench sideWalls; 

recessing the semiconductor material layer to a predeter 
mined height beloW the substrate top surface; 

forming a semiconductor material plug at the top surface 
of the recessed semiconductor material layer, leaving a 
void in the bottom of each trench; 

depositing a ?rst oXide layer over the ?rst nitride layer, 
semiconductor material layer and semiconductor mate 
rial plug; 

depositing a ?rst nitride layer over the ?rst oXide layer; 

removing the ?rst oXide layer and second nitride layer 
from the top surface of the substrate and the top surface 
of the semiconductor material plug, leaving portions of 
the ?rst oXide layer and second nitride layer at the top 
of the trenches along the sideWalls; 

removing the semiconductor material plug; and 
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removing the semiconductor material layer from Within 
the trenches. 

16. The method according to claim 15, further compris 
ing: 

forming an oXide layer over the semiconductor material 
layer, after forming a semiconductor material layer; and 

removing the oXide layer, before forming a semiconductor 
material plug. 

17. The method according to claim 16, Wherein removing 
the semiconductor material layer from the top surface of the 
substrate and removing the ?rst oXide layer and second 
nitride layer from the top surface of the substrate comprise 
anisotropic etch processes. 

18. The method according to claim 17, Wherein depositing 
a semiconductor material layer comprises depositing 50 to 
200 A of amorphous or polycrystalline silicon. 

19. The method according to claim 15, Wherein the 
semiconductor material plug comprises amorphous or poly 
crystalline silicon. 

20. The method according to claim 15, further comprising 
depositing a pad nitride, prior to forming the trenches. 

21. The method according to claim 15, Wherein forming 
a semiconductor material plug comprises depositing 30-60 
nm of amorphous or polycrystalline silicon under noncon 
formal conditions. 


