
REPLACED SHEETS SG 
d l to paged .\. ~. • 

Description ~ page · · · • · · C"\. <"' 
· d 7.1'.?. to paged ·:or.~· 

Claim{s) ; page !iff ""ra .. a ed~~-· 
· g(s) · paged . • · .. · · • P g 

Drawin • . d d:ft to paged ::: •••. 
stract : page • • • 

~ 1 

p 

.LATE TRENCH DRAM CELL ARRAY 

z . 
lates to semiconductor m~ory devices 
to high density dynamic random access 
methods for their manufacture in 

sub-micron technologies. 

Designers of technologies for producing semiconductor 
devices have been continually pressured to increase 
effective device densities in order to remain cost and 
performance competitive. As a result, VLSI and ULSI 
technologies have entered the sub-mic~on realm of 
structural dimensions and now are designing 
technologies in the nanometer feature size range. In 
the foreseeable future absolute atomic physical limits 
will be reached in the conventional two-dimensional 
design approach to semiconductor device design. 
Traditionally, Dynamic Random Access Memory (DRAM) 
designers have met the severest of challenges in 
advancing technologies by pushing the limits of feature 
size resolution with each generation of DRAM. For 
example, designers of 64K bit DRAMS were perplexed to 
learn that a practical physical limit tp charge 
capacity of storage capacitors had already been reached 
due to the minimum charge capacity required to allow 
reliable data signal sensing in the presence of 
.naturally occurring atomic particle radiation 
inherently present in fabrication materials and the 
operating environment. Storage capacitors in the range 
of about 50 fF are now considered to be a physical 
limit. From a practical view, this limitation pre­
vented a continuation of the scaling of DRAM dimensions 
and vqltages initiated in the early 1970s. Reduction 
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in the surf ace area of semiconductor substrate utilized 
-

by the DRAM storage capacitor has been severely 
restricted. Due to decreases in the thickness of 
reliable capacitor dielectric materials, existing 1 
Megabit (lMb) DRAM technologies continue to enjoy the 
freedom of planar, two-dimensional device and circuit 
design. Beginning with 4Mb DRAMs, the world of 
three-dimensional design has been utilized to the 
extent that the simple single device/capacitor memory 
cell has been altered to provide the capacitor in a 
vertical dimension. In such designs, the capacitor has 
been formed in a trench formed in the surf ace of the 
semiconductor substrate. In yet denser designs, other 
forms of three-dimensional capacitors have been 
proposed, such as stacking the plates of the capacitor 
above the transfer device. Such designs, however, 
present difficulties in forming the interconnections to 
the required word access and data bit lines to the DRAM 
memory cell. Additional designs have been proposed in 
which the transfer device and its associated capacitor 
are both formed within a trench of preferably minimum 
feature size. Currently, insurmountable processing 
difficulties make such designs impractical for product 
manufacturing processes. 

A large number of proposals for 16Mb and greater 
density DRAM cell designs have avoided continuing 
development of trench cell technology because of the 
existence of charge leakage mechanisms known to be 
present in trench capacitor structures. As these 
leakage mechanisms have become known, extensions of 
trench DRAM cells designs have been used successfully 
in 16Mb designs. 
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The following references describe various aspects of 
prior art techniques used in DRAM and other semi-

· conductor technologies. 

The article "Trench and Compact Structures for DRAMs" 
by P. Chatterjee et al., International Electron Devices 
Meeting 1986, Technical Digest paper 6.1, pp. 1_28-131, 
describes variations in trench cell designs through 
16Mb DRAM designs, including the Substrate Plate Trench 
(SPT) cell described in more detail in U.S. Patent 
4,688,063 issued August 18, 1987 to Lu et al. and 
assigned to the assignee of the instant invention. The 
SPT cell uses a highly conductive substrate as the DRAM 
cell plate. The storage node of each cell is formed in 
a deep trench in the substrate. ~.s. Patent 4,801,988 
issued January 31, 1989 to Kenney, describes an 
improved SPT cell which includes;a thick isolation 
region formed within the trench to enable higher 
density packing of DRAM cells. The article "CMOS 
Semiconductor Memory Structural Modification to Allow : 
Increased Memory Cbarge" anonymous, IBM Technical 
Disclosure Bulletin, Vol. 31, No. 11, April 1989, 
pp. 162-5, teaches a method of isolating the substrate 
plate of an SPT cell from support devices by providing 
a buried region under support devices in order to a~low 
the plate reference voltage to be separately niased at 
an optimum Vdd/2 volts. 

U.S. Patent 4,912,054 issued March 27, 1990 to 
Tomassetti describes methods of isolating bipolar-CMOS 
circuit devices through the use of various epitaxial 
layers as commonly found in bipolar device 
technologies. The article "A 45-ns 16-Mb DRAM with 
Triple-Well Structure" bys. Fujii et al., IEEE Journal 
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of Solid-State Circuits, Vol. 24, No. 5, October 1989, 
pp. 1170-1175, describes techniques for isolating 
various different functional device types in which the 
entire array of trench DRAM cells is formed within a 
surface implanted P-well. 

U.S. Patent 4,829,017 issued May 9, 1989 to Malhi 
describes a method of forming a buried doped layer in a 
substrate by forming a shallow trench, protecting its 
sidewalls, further extending the trench and finally 
doping the walls of the extended trench to form a 
continuous doped region useful as the storage node of a 
trench DRAM. 

The article "New Well Structure for Deep Sub-micron 
CMOS/BiCMOS Using Thin Epitaxy over Buried Layer and 
Trench Isolation" by Y. Okazaki et ai.~ 1990 Symposium 
on VLSI Technology, Digest of Technical Papers, paper 
6C-4, pp. 83-4, describes the use of buried epitaxial 
layers to isolate surface devices from the substrate. 

The following references relate specificaily to 
variations in SPT DRAM cells in which a buried region 
of opposite conductivity type from the substrate is 
used a one plate of the DRAM storage capacitor. u.~. 

Patent 4,918,502 issued April 17, 1990 to Kaga et al. 
describes a buried plate trench DRAM cell in which the 
storage node of the cell and a sheath plate are formed 
in a single trench. At the bottom of the trench a 
diffusion of opposite type from the substrate is formed 
such that the diffusions of adjacent cells interconnect 
forming a grid-like structure. One or more trenches not 
associated with a D~ cell is formed to act as a reach 
through to enable the doped region to be biased at a 
suitable reference voltage. Figure 12, thereof, 

------·------
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clearly illustrates the grid-like aspect of the buried 
. region. European published application 0 283 964, 
published September 28, 1988 describes a buried plate 
SPT DRAM cell in which an out-diffused region from the 
DRAM trenches, similar to that in Kaga et al., in which 
the diffused region forms the plate of the SPT cell. 
As in Kaga et al. a grid-like region is formed and is 
contacted by a non-cell trench. U.S. Patent 4,873,560 
issued October 10, 1989 to Sunami et al, describes yet 
another buried plate SPT cell in which the access 
transistor is formed in the cell trench. FIG. 30, 
thereof, and its related text, describes the impor­
tance of maintaining the grid-like structure of the 
buried region in order to enable proper operation of 
the cell transfer devic~. Sunami et al, further 
cautions that in the event that opening in the 
grid-like buried region' should be "filled by the 
depletion layer" isolating the surface pevices from 
the substrate a separate connection can be made to 
the "isolated" surface region in order :to bias it to 
the same potential as the substrate. UK Patent 
Application GB 2 215 913 A, published September 27, 
1989 describes yet another variation in the buried 
SPT DRAM cell design in which the dopant for the 
buried region is provided by ion implantation into 
the sidewalls of the deep trench of the DR.1\M cell. 
Finally, U.S. Patent 4,794,434 issued December 27, 
1988 to Pelley, describes a buried plate SPT DRAM 
cell formed using bipolar device processing methods 
in which the buried plate region is formed from a 
buried sub-collector structure normally part of a 
bipolar transistor. 

BU 991 028 li1iliif 



,. 
- 0 -

While the above cited references illustrate the diverse 

-and concentrated efforts made by DRAM designers in 

attempting to overcome the inherent barriers in 

continuing to reduce the size, and increase the 

density, of DRAM cells, none provide the capability to 

carry DRAM technology into the sub-0.5 µm feature size. 

range, a feat which must be achieved in order to 

continue the two decade "tradition" of providing ever 

increasing density of DRAM technology. out of 

frustration, DRAM designers have turned to the 

process-complicating use of "stacked capacitor" DRAM 

cells only to find such designs extremely cumbersome to 

the point of being virtually un-manufacturable. 

The subject invention addresses the unsolved problems 

of the prior art by providing solutions to problems 

presented by extending the manufacturability of the 

simple SPT cell to 64 Mb DRAM and beyond. 

An objec~ of the invention is to provide a buried plate 

s·PT DRAM cell array in which the density limitations of 

the prior art are removed. 

Another object of the the invention is to reduce the 
cornplexi ty of SPT DRAM de.sign to allow process 

simplicity and thus increased product yield. 

Yet another object of the invention is to provide a 

buried plate SPT DRAM cell which has a minimum impact 

on existing processing technologies. 

The present invention relates to methods for providing 
a cell design in which all of the historically limiting 

parameters of DRAM cells are dealt with in a unifying 

manner to provide a near optimum design in which charge 

leakage factors are minimized and device bias 
BU 991 028 
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conditions are optimized. The invention includes a 
substrate plate trench DRAM cell array in which a 
buried plate electrode is formed as part of an 
electrically and physically isolated region in a 
semiconductor substrate such that the cell transfer 
device can be operated independently from other support 
devices formed in the substrate. Sub-half micron 
feature sizes are used cooperatively with diffusion 
techniques to provide a simple buried layer formation 
process impossible at larger feature size dimensions. 

Ways of carrying out the invention are described in 
detail below with reference to drawings showing only a 
specific embodiment, in which: 

FIG. 1 

FIG. 2 

is a simplified schematic sectional view of a 
substrate plate trench (SPT) DRAM cell of the 
invention ill~strating the basic electrical 
connections of the cell. 

is a plan view of a corner of an array of the 
invention schematically illustrating the 
relationship of the various device layout 
patterns used in forming the array cells. 

FIGs 3-12 are schematic sectional views of the array of 
the invention illustrating the array at 
various steps in a preferred manufacturing 
process. 

Referring to FIG. 1, there is shown the basic elements 
of the Buried Plate Trench SPT of the invention. The 
cell is an improvement of the prior art SPT DRAM cell 
as described by Lu et al. in U.S. Patent 4,688,063 
and as modified by Kenney in U.S. Patent 4,801,988, 
both of which are incorporated herein by reference. 
BU 991 028 ---------
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The cell includes the following major features. A 
substrate 10 of P-type semiconductor has an P-type well 
12 formed at its upper surface into which N-channel 
transfer devices 14 are formed. A control gate 
electrode 16 of device 14 is responsive to a word 
access line of the DRAM array support circuits, not 
shown, to couple data between data or bit line diffused 
N-type region 18 and diffused N-type storage node 
region 20 through the channel region formed in P-well 
12. In a manner similar to the prior art, a storage 
capacitor is formed in a deep trench 22 adjacent to the 
storage node 20 and includes a signal storage node 
formed by conductive N-type polysilicon electrode 24 
isolated from substrate 10 by a thin dielectric 
layer. Diffused surface storage node 20 and signal 
storage node 24 in the trench 22 are connected by a 
conductive strap 26. At the top of the storage 
trench a thick insulating collar 28 is;provided to 
increase the threshold voltage of the vertical 
parasitic FET formed by the diffused storage node 20 
and the substrate within the P-well 12. Local 
surface isolation 30 is provided., as desired to 
define active device regions of the surface of the 
substrate. 

With the exception of the semiconductor type of the 
substrate 10, the cell has similar attributes as the 
N-channel variant of the prior.art SPT D~ cell. 
However, a buried N-type layer 32 is additionally 
provided to.act as the reference voltage node for the 
trench capacitor. Unlike prior art buried plate trench 
DRAM cells, the buried layer 32 of the invention forms 
an electrical and physical isolation means between the 
surf ace well 12 in which the transfer devices are 
formed and the semiconductor substrate 10 in which one 
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or more DRAM cell arrays and support circuits are 

formed. Thus, buried layer 32 and its two p-n junc­

tions provide a means to independently bias, by way of 

reference voltage Vbn, not only the plate reference 

voltage node for the array cells, but also the local 

substrates of both N- and P-channel devices used in 

support devices and the transfer devices 14 of the D~ 

cells. It will be recognized, that the local substrate 

region of the cell transfer device 14 can be 

independently biased by reference voltage·Vbp. 

Similarly, the substrate bias Vsub can be independently 

established to bias devices which may not be formed in 

a P-type well. 

Although other buried plate trench DRAM cells have been 

described in the prior, they were proposed in 

photolithog~aphic environments which made imple­

mentation of the invention all but impossible. 
I 

It is an:irnportant aspect of the inventio~ to provide 

arrays of cells as described in connection with FIG. 1 

in a simple easy to manufacture processing sequence. 

Referring now to FIG. 2 there is shown a plan view of a 

portion of one corner of an array of DRAM cells mad~ in 

accordance with the invention. Formed within the 

surf ace of semiconductor substrate 10 is a matrix of 
array trenches 22 in a simple r~ctangular area. The 

periodicity of the trenches is about 1.7 µm by 0.85 µm. 

Trenches 22 are about 1.3 by 0.45 µm providing about 

0.40 µ.rn horizontal and. vertical spacing between 

trenches. The layout of elements for each cell is 

similar to that shown in FIG. 6 of U.S. Patent 

4,801,988, although the use of other layout con-

BU 991 028 
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figurations can be provided for open bit line or 
quarter pitch folded bit line .configurations. 

Located at the corners of four adjacent trenches is a 
square region of local surface isolation 30 which 
serves to isolate the bit line contact diffusions 18, 
not specifically illustrated. Isolation regions 30 are 
provided in alternate rows and columns across the 
matrix. Passing adjacent to the isolation regions in a 
vertical direction are a plurality of transfer device 
word lines 16, partially illustrated at the lower right 
of FIG. 2. Between word lines 16 on the lower edge of 
each cell trench is the surface strap 26. Overlying 
the entire array are metal bit lines, not shown, which 
run horizontally between trenches and make contact to 
diffused bit line regions 18 as indicated schematically 
by the large Xs. 

i 
In order to ensure that the buried plate region 32, not 
visible in ··FIG. 2, is b9th electrically and physically 
isolated from other regions of the substrate ou.tside of 
the array matrix, a surf ace diffused N-type reach 
through region 34 is provided around the entire array 
region. Reach through region 34 is formed at the same 
time as the N-well region used for P-channel device~ in 
other areas of the substrate. Similarly, the P-well 
region 12 used in the array is formed at the same time 
as the P-well region used for N-channel devices in 
other areas of the substrate. Thus, with the exception 
of the buried N-type region 32, no additional process­
ing steps are required to form the remainder of the 
DR.AM cell. In order to assure overlap of the N-well 
reach through region 34 with the buried region 32, 
the outer one or two rows of deep trenches 22 are 
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non-functional as DRAM cell trenches, as will become 
evident when the formation of buried region is 
described, below. 

As can be seen, the buried isolation -region of the 
substrate is formed of a first sub-region 32 which is 
formed by the lateral out diffusion from the trenches 
22 and a second sub-region 34 formed as a reach through 
from the surf ace of the substrate to contact the top of 
the buried sub-region 32. Because of the high density 
of the structures on the substrate, the sub-half-micron 
lateral spacing between trenches allows the out 
diffusion from the trenches to merge forming one con­
tinuous buried layer in which the impurity concentra­
tion is maintained at a high level. 

Refe~ence is now made to FIGs. 3-12 which describe the 
pref erred process sequence used to fabricate the 
diffused buried plate trench DRAM cell array. 

Referring to FIG. 3, starting with a P-type 
semiconductor wafer of about 1-2 n-cm resistivity, an 
oxide/nitride layer SO having a thickness of about 
175nm is formed on substrate 10 to act as an 
etch/polish stop to be used in subsequent steps. A. 
relatively thick, about SOOnm, layer 52 of oxide is 
deposited by a conv~ntional CVD TEOS technique to 
act as an etch mask for trenches 22. A photolitho­
graphic mask is formed using a high resolution 
photoresist and is used to define the pattern of 
trenches 22 which are to be etched in substrate 10. 
The mask pattern is transferred to the thick oxide 
layer 52 and the oxide/nitride layer 50 by a dry 
plasma etching process using oxygen and carbon 
tetrafluoride {CF4) as the active agents. After 

BU 991 028 
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stripping the photoresist, trenches 22' are etched 
to a depth of about 1.5 µm using a anisotropic RIE 
process in an Applied Materials 5000 etch tool to 
provide the structure shown in FIG. 3. 

~ext, as shown in FIG. 4, a diffusion barrier collar 
is formed in the initially etched trench 22' by 
depositing a conformal layer of TEOS CVD oxide to a 
thickness of about 20nm followed by a conformal layer 
of silicon nitride of about 35nrn. The thickness of 
deposited diffusion collar layers is chosen to provide 
optimum thickness to act as a diffusion barrier and 
need not be that required for the collar dielectric 28 
in the completed cell. Consideration is' also given to 
provide a minimum thickness of material inside trench 
22' in order to provide a maximum area of .the yet to 
etched deep trench. The partially processed substrate 
is then ~xposed to an oxygen/CF4 RIE etch to remove the 
deposited layer on _all horizontal surfaces, including 
the bottom of trenches 22 1

, to provide a sidewall 
spacer 54 inside trenches 22'. Next, an RIE 
directional etch is used to etch the deep trenches 22'' 
into the substrate to a depth of about 5 µ.m, resulting 
in the structure shown in FIG. 4. 

Referring to FIG. 5, the buried plate region 32 is 
formed by deposition of about 50nm of a conformal layer 
of arsenic doped glass deposited by a CVD technique to 
provide a dopant source for the subsequent thermal 
diffusion step. A conventional thermal drive-in step 
is carried out at about 1050 °C. to cause the arsenic 
in the doped glass to be diffused into the substrate 
10. The lateral diffusion depth of arsenic in the 
substrate should be about 0.5 µm to ensure that all of 
the lateral space 
The doped surf ace 
BU 991 028 
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the surf ace of the trench sidewalls should be about 
2 • 1019 atoms/cm3 (2El9 atoms per cubic cent1meter). 
Although the spacing of trenches illustrated in the 
figures is exaggerated, it should be understood that 
the maximum spacing of trenches is about 0.45 µm. 

After the drive-in, the arsenic doped oxide layer is 
stripped using buffered HF in the standard manner, 
resulting in the structure of FIG. 5. In order to 
remove any residual RIE etch damage to the sidewalls of 
the deep trenches, a thin sacrificial oxide may be 
grown on the inside of the trenches. 

After formation of the buried plate region, the 
remaining thickness of masking oxide layer 52 and the 
diffusion barrier collar 54 is removed using hot 
phosphoric acid for the outer nitride layer and 
buffered HF to remove the sacrificial oxide inside 
of the trenches. 

Next, the trench capacitor structure is formed by 
thermally oxidizing the now exposed silicon sidewalls 
and bottom of the trenches to a thickness of about 4nm. 
Then, about 7run of silicon nitride is conformally 
deposited. The nitride layer is then oxidized to form 
about 1.Snm silicon dioxide to complete the ONO cell 
node dielectric. The trenches are then filled by 
conformally depositing polysilicon doped to at least 
1019 atoms/cm3 (1El9 atoms/cubic centimeter) to a 
thickness of about 900nm above the surf ace of the 
substrate. A thermal anneal step at about 1000 °C in 
nitrogen heals any inadvertent seams formed in the 
polysilicon in the deep trenches 22. A RIE process 
selective to doped polysilicon then removes all of the 
polysilicon on the planar area·s of the substrate and 
etches into the polysilicon at the tops of the trenches 

BU 991 028 
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to a level of about 1 µm below the surf ace of the 
substrate leaving doped polysilicon 55 in the bottom of 

the trenches. The trench collar 28 is then formed on 

the sidewalls of the exposed trench tops by conformally 

depositing CVD of about 90nm of silicon dioxide and 
then anisotropically etching the oxide from planar 

areas, including the bottoms of the trenches, to leave 

a collar 28 on the upper sidewalls of the recessed 

trenches in a manner sim~lar to that in U.S. Patent 
4,801,988. The resulting structure is shown in FIG. 

6. 

Referring now to FIG. 7, the trenches are again filled 
with arsenic doped polysilicon to a surface thickness 

of about 600nm and annealed, as above. Then all of the 

thus deposited polysilicon formed on the back side of 
the substrate is removed preferably by a planarizing 

process such as chemical-mechanical polishing in order 
to reduce any undesirable stress caused by this 

non-functional layer. The front, or trench containing 

side, of the substrate is then planarized to remove the 
last deposited 600nm of polysilicon from all planar 

surfaces. In order to achieve superior planarity, it 

is preferable to use a chemical-mechanical polishing 
technique. Such techniques are described in greater 
detail in U.S. Patent 4,944,836 to Beyer et al. and 
U.S. Patent 4,789,648 to Chow et al. Next, polysilicon 

55' in the top of the ~renches ~s recessed about 50nm 

to lOOnm below the substrate surf ace in order to 
prevent subsequently applied polysilicon word lines 

from shorting to the signal storage node of the 
trench capacitors. 
in FIG. 7. 

BU 991 028 

The resulting struct~re is shown 



- 15 -

Next the local isolation in the form of shallow trench 
isolation (STI) is formed, shown in FIG. 8. An STI 
mask is applied to the substrate and defines all of the 
regions where STI is desired. The exposed oxide/nitride 
etch stop layer 50 is etched to expose the silicon 
substrate surf ace and overlapped polysilicon filled 
trench tops. Preferably in the same processing 
chamber, the exposed substrate, trench collar and 
polysilicon are etched to a depth of about 350nm. A 
LPCVD TEOS oxide layer 56 of about 630nm is then 
conformally deposited over the entire substrate as 
shown in FIG. 8. 

Next, as shown in FIG. 9 STI oxide layer 56 is 
planarized, preferably by a combination of RIE 
etch-back and chemical-mechanical polishing as 
described in application 07/427,153 filed October 25, 
1989 entitled "Forming Wide Dielectric-filled Isolation 
Trenches in Semiconductors" by Kerbaugh et al. Next, 
any remaining oxide/nitride layer 50 is removed by hot 
phosphoric acid and buffered HF. At this point, a 
sacrificial oxide may be grown on the exposed ~ubstrate 
surfaces, as these will become the active device areas 
for N- and P-channel devices of the CMOS process into 
which the array of the invention is integrated. 

Next, N-wells for P-channel devices and for ~ontacting 
the buried N-type plate region -~2 are formed by the 
conventional use of an N-well mask which covers all of 
the substrate except where N-wells are desired. After 
formation of the N-well mask, the substrate is exposed 
to a plurality of ion implantation steps to form 
retrograde N-wells 34. Phosphorus ions are implanted 
at about 900 KEV with a dose of about 5·1013 

atoms/crn2 ) 5El3 atoms per square centimeter to form the 
,,_....___. _______ _ 
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higher concentration deepest portion of the well, at 
about 500 KEV with a dose of about 2,3 • 101-3 atoms/cm2 

(2.3E13-atoms per square centimeter) to form the bulk 
of the well, and at about 150 KEV with a dose of about 
1,9 • 1012 atoms/cm2 (1.9E12 atoms per square 
centimeter) to control punch through. If desired an 
additional N-well mask can be used at this point to 
selectively implant arsenic at about 80 KEV with a dose 
of ~bout 1,3 • 1012 atoms/cm2 (l.3El2 atoms·per square 
centimeter) to control the threshold voltage of the 
P-channel FETs formed in selective N-wells. Additional 
implant masks and implants may also be used to further 
tailor specific device threshold voltages. 

Following the formation of the N-wells, a conventional : 
P-well mask is formed in a similar manner in order to 
mask the substrate against boron ions used to form the ' 
P-wells 58, also shown in FIG. 9. To form the P-wells, 
boron ions are implanted at about 200 KEV with a dose 
of about 8 • 1012 atoms/cm2 (8El2 atoms per square 
centimeter) to form the bulk of the well, at about 80 
KEV with a dose of about 1,6 • 1012 atoms/cm2 (l.6E12 
atoms per square centimeter) to control punch through 
region and· at about 7.3 KEV with a dose of about 
3,7 • io12 atoms/cm2 (3.7El2 atoms per square 
centimeter) to control the threshold voltage of the 
N-channel FETs used in the array and support circuitry 
of the DRAM. Thus, the structure .in FIG. 9 results. It 
will be clear from the above description, that the 
N-well regions 34 make physical contact with the buried 
plate region 34 surrounding the deep trenches to ensure 
both electrical and physical isolation of all of the 
transfer devices associated with DRAM cells. Unlike 
the prior art, there is no need ~o ensure that the 
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substrate regions of the transfer devices can be 
electrically coupled to the sem1conductor substrate 10. 

Next, the gate stack·structure comprising the gate 
insulator, a conductive gate and a silicon nitride cap 
is formed as shown in FIG. 10. After stripping the 
sacrificial oxide referred to above, a gate insulator 
layer 60 is formed by growing about lOnm of silicon 
dioxide on the exposed silicon surf aces of the 
substrate. A polysilicon layer 62 of about 200nm is 
deposited and doped by ion implanting phosphorus at 
about 25 KEV with a dose of about 6 • 1015 atoms/cm2 

{6E15 atoms per square centimeter). This is followed 
by deposition of about lOOrun of titanium silicide layer 
64 by sputtering to reduce the resistivity of the 
wordlines. The gate stack is completed by depositing a 

., layer 66 of silicon. dioxide and a layer 68 of silicon 
nitride of about 80nm resulting in the structure shown 
in FIG. 10. 

As shown in FIG. 11, the multilayer gate stack is 
selectively etched to define the first level of inter­
connect and the gate electrodes for the CMOS FET 
devices to be formed on the planarized substrate. The 
exposed polysilicon is oxidized sightly at about 
1050 °C. Next, a blocking mask is used to protect 
all of the device regions except where N-channel FETs 
are to be formed. A lightly d~ped N-type region 70 
is then formed by implanting phosphorus at about 
30 KEV with a dose of about 1014 atoms/cm2 (1E14 atoms 
per square centimeter). After removal of the block­
ing mask, a sidewall spacer 72 is formed by deposit­
ing about 45nm of CVD silicon nitride followed by an 
anisotropic RIE of nitride present on planar· sur-
f aces. Next, the doped regions are silicided in 
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a conventional manner by evaporating about 20nm of 
cobalt, annealing at about 750 °C and removing 
unreacted cobalt in dilute nitric acid. 

The devices and DRAM structure are completed by the 
formation of borderless contacts in a manner similar to 
the techniques described in U.S. Patent 4,944,682 to 
Cronin et al. entitled "Method of Forming Borderless 
contacts," with the following steps illustrated with 
reference to FIG. 12. A silicon nitride sidewall 74 
is formed by depositing a layer of silicon nitride of 
about 15nm followed by an anisotropic RIE step. The 
N+-type diffusions 76 for NFET devices are formed, 
after placing a blocking mask to protect PFET regions, 
by implanting arsenic at about 50 KEV with a dose of 
about 5 • 1015 atoms/cm2 (SElS atoms per square cefiti­
meter) followed by a drive-in step in nitrogen at ~ut , 
900 °c. The P+-type diffusions for PFET devices are 
formed, after placing a blocking mask to protect NFET 
regions, by implanting boron at about 10 KEV with a 
dose of about 5 • 1015 atoms/cm2 (SElS atoms per square 
centimeter). A polysilicon surfa,ce strap 26 is formed 
to connect the N-type diffusions forming the storage 
node region 20 to the polysilicon 55' at the tops of 
the deep trenches is formed by the use of a blocking 
mask exposing the storage node regions, selectively 
etching the oxide at the trench top, depositing N-type 
polysilicon and planarizing by a chemical-mechanical 
polishing process to leave polysilicon straps 26. 
Interconnects 78 of titanium nitride and tungsten are 
formed as borderless contacts and an interlevel 
passivating layer 80 of phosphorus-doped glass is 
deposited and planarized, again by chemical-mechanical . 
polishing techniques. The DRAM is completed by 
providing a number of additional planarized 
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interconnect levels, as required by the complexity of 
the circuits to be interconnected. 

While the invention has been described in terms of a 
single preferred embodiment, those skilled in the art 
will recognize that many of the steps described above 
can be altered and that dopant species and types as 
well as other material substitutions can be freely made 
without departing from the spirit and scope of the 
invention. 

BU 991 028 



I lllllll llllll lllll lllll 11 1111 .: 
*CL MS*' 

- 20 -

CLAIMS 

1. A dynamic random access memory device comprising: 

a semiconductor substrate (10) having a first 
region (12) of a first conductivity type; 

at least one array of dynamic memory cells (14}, 

each cell (14) comprising an access transistor 
coupled to a storage capacitor (20), the 
transistors of each memory cell (14) being formed 
within a second region of said semiconductor 
substrate (10), each access transistor having a 
control electrode (16), a data line contact 
region (18), a storage node region (?O), and a 
channel region; 

a plurality of signal storage capacitors (24) 
formed in ~ plurality of trenches (22) in said 
substrate (10), each capacitor including a signal 
storage node and a reference voltage node 
separated by a dielectric insulator, the reference 
node being connected to said substrate (10) and 
the storage node of each capacitor (24) being 
connected to a corresponding storage node region 
(20) of one of said access transistors; 

means (32) for physically.and electrically 
isolating all of the channel regions of said 
access transistors within said one array from said 
first region (12) of said substrate (10), said 
isolating means (32) comprising a third substrate 
region (32) of opposite conductivity type to said 
first region (12), said third region (32) formed 
laterally between said first (12) and second 
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regions, said third region (32) intersecting all 
of said trenches (22); said third region (32) 
comprising a first sub-region (32) adjacent to 
said trenches (22) having a substantially constant 
impurity doping concentration throughout the depth 
of said trenches (22) and said third region (32) 
comprising a second sub-region (34) extending 
substantially around said array and extending 
between said first sub-region (32) and the surface 
of said semiconductor substrate tio); and 

means for biasing said first (12), second and 
third regions (32) of said substrate (10) to 
first, second and third different reference 
voltages. 

2. The dynamic random access memory device of claim 1 
wherein the first sub-region (32) of said third 
region (32) has a impurity doping level which 
exceeds that of the first region (12) of said 
substrate (10). 

3. The dynamic random access memory device of any of 
claim 1 or 2 wherein the impurity type of said 
first region (12) is P-type and the dopant 
impurity in the first-subregion (32) is N-type. 

4. The dynamic random access_ memory device of any of 
claims 1 to 3 wherein the dopant impurity of said 
first region (12) is boron and the dopant impurity 
in the first-subregion (32) is arsenic. 

5. The dynamic random access memory device of any of 
claims 1 to 4 wherein the access transistors are 
N-channel FET devices. 
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6. A dynamic random access ~emery device comprising: 

a plurality of deep trenches (22) arranged in a 
rectangular matrix on the surface of a 

semiconductor substrate (10), the spacing between 
adjacent trenches (22) being substantially e$1al 
in both a lateral and transverse direction; a· 
buried plate diffused region (32) being associated 
with all of said deep trenches (22); 

each of a first plurality of trenches (22) being 
associated with a substrate plate trench DRAM cell 
including a transfer device, a data node and a 

storage node connected to a capacitor plate formed 
within a deep trench (22} an~ coupled to a region 
of the substrate (10) within the buried plate 
diffused region (32); 

each of a second plurality of trenches (22) being 
associated with a surface diffused isolation 
region enclosing the perimeter of the matrix of 
deep trenches (22) and contacting the buried plate 
region (32) so that the substrate region within 
the matrix is electrically and physically isolated 
from the remainder of the substrate (10). 

7. The dynamic random access memory device of claim 6 
wherein the buried plate diffused region (32) is 
formed by diffusion from the interior surface of 
the deep trenches (22). 

8. The dynamic random access memory device of claim 6 

or 7 wherein the impurity conductivity type of the 
substrate (10) is P-type and the impurity 
conductivity type of the buried plate diffused 
region (32} and the ~urface diffused region is 
N-type. 
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9. The dynamic random access memory device of any of 
claims 6 to 8 wherein the impurity in the buried 
plate diffused region (32) is arsenic. 

10. The method of making a dynamic random access 
memory device comprising the steps of: 

providing-a semiconductor substrate (10). of a 
first conductivity type; 

forming a plurality of deep trenches (22) in a 
matrix pattern on a top surf ace of said substrate 
(10); 

diffusing a second conductivity type impurity from 
the lower portion of the depth of said deep 
trenches (22) into said substrate (10) to form a 
continuous buried diffused region (~2) of a second 
conductivity type across the entire extent of the 
matrix pattern; 

f orrning a dielectric layer on the inside of said 
deep trenches (22) and filling said trenches (22) 
with a conductive electrode material; 

forming around the perimeter of said matrix 
pattern a diffused surf ace region of said second 
conductivity type having a depth so as to physically 
and electrically isolate a portion of the 
substrate (10) within the matrix pattern above 
said continuous buried diffused region (32); and 

forming within the isolated portion of the matrix 
pattern a: plurality of semiconductor devices (14) 
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for coupling signals to and from said conductive 
electrode material within at least some of said 
deep trenches (22). 

11. The method of claim 10 wherein a diffusion barrier 
collar (54) is provided in the upper portion of 
said deep trenches (22). 

12. The method of making a dynamic random access 
memory device of claim 10 or 11 wherein the step 
of forming a dielectric layer on the inside of 
said deep trenches (22) includes the step of 
forming a thick dielectric collar (28) at the top 
of said deep trenches (22). 

13. The method of claim 11 wherein ·the diffusion 
barrier collar (54) is temoved prior to the 
forming of a dielectric layer inside of said deep 
trenches (22). 

14. The method of making a dynamic random access 
memory device of any of claims 10 to 13 wherein 
the step of forming a plurality of deep trenches 
(22) includes the steps of forming a plurality of 
shallow trenches in said.substrate {10), forming a 
sidewall protecting layer on the sidewalls of said 
shallow trenches, extending the depth of said 
shallow trenches to form said deep trenches (22), 
placing a source of impurity dopant material (55) 
at least on the lower portion of the sidewalls of 
the extended deep trenches (22). 
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15. The method of making a dynamic random access 
- memory device of any of claims 10 to 14 wherein 

the source of dopant material (55) used to form 
the continuous buried diffused region (32) 
comprises arsenic and an arsenic containing glass 

layer. 
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