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lates to semiconductor memory devices
to high density dynamic random access

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-micron realm of
structural dimensions and now are designing
technologies in the nanometer feature size range. 1In
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 to 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 é practical view, this limitation pre-
vented a continuation éf the scaling of DRAM dimensions
and voltages initiated in the early 1970s. Reduction
-
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This invention relates to sem conductor menory devices and particularly to
hi-gh d%nsity dynam ¢ random access nenory cells and nethods for their

manuf acture in sub-mcron technol ogi es. Desi gners of technol ogies for
produci nhg sem conduct or devi ces have been continually pressured to increase
effective device densities in order to remain cost and performance
conpetitive. As a result, VLSI and ULSI téb&hdlogies have entered the

sub-m cron real mof structural dinmensions and now are designing
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t wo- di nensi onal by the DRAM storage capacitor has been severely
restricted. Due to decreases in the thickness of
reliable capacitor dielectric materials, existing 1
Megabit (1Mb) 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 surface 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 l16Mb designs.
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desi gn gpproach to sem conductor device design. Traditionally, Dynamc
Random Access Menory (DRAM designers have net the severest of chall enges
i n advanci ng technol ogi es by pushing the limts of feature size resolution
wi th each generation of DRAM For exanple, designers of 64K bit DRAMs were
perplexed to learn that a practical physical3lmt to charge capacity of
st orage capacitors had already been reached due to the m ni num charge
capacity required to allow reliable data signal sensing in the presence of
natural | y occurri Wheafodilowpagt reffereadest describer salipus espdctis of

fabrication materjals.and.t Ign Vi [0 t citors in
t he range of abou#%éér Eggrg%ﬁ§&3§%%é|ggggdiﬁoﬁggﬂaap y5|2g§: " Froma
practical vieéw, thpsducﬁpﬁatﬁGhnpﬂ@gleS-

The article "Trench and Compact Structures for DRAMs™
by P. Chatterjee et al., International Electron Devices
Meeting 1986, Technical Digest paper G.i, pp. 128-131,
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
4,688,663 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. U.S. Patent 4,801,988
issued January 31, 1989 to Kennef,,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 Charge" 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 allow
the plate reference voltége to be separately biased 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" by S. Fujii et al., IEEE Journal
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vented;a continuation of the scaling of DRAM di nensi ons and vol t ages
initiated in the early 1970s. Reduction
-2- in the surface area of sem conductor substrate utilized

A
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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 al.., 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 specifically 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.S.
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 DRAM 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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by t he :DRAM st or age capacitor has been severely restricted. Due to
decreases in the thickness of reliable capacitor dielectric materials,
existing 1 Megabit (1Md) DRAM technol ogies continue to enjoy the freedom of
pl anar, two-di nensional device and circuit design. Beginning with 4M
DRAMs, the world of three-dinensional desigg has been utilized to the
extent that the sinple single devicel/capacitor nenory cell has been altered
to provide the capacitor in a vertical dinension. In such designs, the

capaci tor has be@neagweﬂmaserhte&clahef gi-iad 1iiket a%p%@rtfw&% Ried
sem conduct or substr at e.

S S Qt or
t hr ee- d|nenS|onaFegéBEC|tgP§xﬁ§9B ngﬁlﬁﬁﬁﬁo§8911§ﬁgﬁ 0ﬁ§§§kPﬁ§:the
pl ates of the capablishedbsSeptthbetr 285f 2088cdeseribBucha dmyiigds plaieever,

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 relatéd 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 device. 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 devices 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 wvariation 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 DRAM 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.

[
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Vel
present difficulties in formng the interconnections to the required word
atcess*and data bit lines to the DRAM nenory cell. Additional designs have
been proposed in which the transfer device and its associated capacitor are
both formed within a trench of preferably m ninmumfeature size. Currently,

i nsurmount abl e processing difficulties make guch designs inpractical for
product manufacturing processes. A | arge nunber of proposals for 16My and
greater density DRAM cel |l designs have avoi ded conti nui ng devel opnent of

trench cel | technglopy breassevef c‘ilﬁéde%biéﬁaﬁéegf 13hakee ateakdee diverse
mechani sime known 10, e heSaerhced HEEOFEsCARAE' b9 pRAMGLE i Shier’s® i O5C .

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 pum 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. : i

An object of the invention is to provide a buried plate
SPT DRAM cell array in which the density limitations of
the prior art are removed.

Another object of the the invention'is to reduce the
complexity of SPT DRAM design 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 1imiting
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
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| gakage mechani sms have beconme known, extensions of trench DRAM cells
desi gns have been used successfully in 16M desi gns.
- 3- The follow ng references describe various aspects of

-7 -

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

FIG. 2 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 improvemént 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 R
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prior art techniques used in DRAM and ot her sem - conductor technol ogies.
The article "Trench and Conpact Structures for DRAMs" by P. Chatterjee et
al., International Electron Devices Meeting 1986, Technical D gest paper
6.1, pp. 128-131, describes variations in trench cell designs through 16Mo
DRAM desi gns, including the Substrate Plate grench (SPT) cell described in
nore 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

hi ghl'y conducti venglikadyatidaudde Q@M@méwphgtmagaheféaeﬁaes nogle of
each cell is formed I AP df Fydd {05 SSRSIEESE ik anBLEPbe well
4,801, 988 subs
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 electrodé 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 éxception of the semiconductor type of the
substrate 10, the cell has similar attributes as the
N-channel wvariant of the prior art SPT DRAM 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
surface well 12 in which the transfer devices are
formed and the semiconductor substrate 10 in which one
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i ssued January 31, 1989 to Kenney, describes an inproved SPT cell which
includes a thick isolation region formed within the trench to enable.

hi gher density packing of DRAM cells. The article "CMOS Sem conduct or
Menory Structural Mdification to Allow Increased Menory Charge” anonynous,
| BM Techni cal Disclosure Bulletin, Vol. 31, gNo. 11, April 1989, pp. 162-5,
teaches a nethod of isolating the substrate plate of an SPT cell from
support devices by providing a buried region under support devices in order
to allow the pl atgy meses Rz el hosrtaydearsk muppety dinseiltatase opti num

Vdd/2 volts. Uts rme aé ent 4u§,12b\915:f1eé Sf;ﬂ?éir “@f Cgh&7it&9&90t8-n juhc— ]
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 DRAM
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
é P~type well.

Although other buried plate trench DRAM cells have been
described in the prior, they were proposed in
photolithognaphic environments which made imple-
mentatio% of the invention all but impossible.

It is an.important aspect of the invention to provide
arrays of cells as described in connection with FiI6. 1
in a simple easy to manufacture processing segquence.

Referring now to FIG. 2 there is shown a plan view of a
portion of one corner of an array of DRAM cells made in
accordance with the invention. Formed within the
surface of semiconductor substrate 10 is a matrix of
array trenches 22 in a simple rectangular area. The
periodicity qf the trenches is about 1.7 um by 0.85 um.
Trenches 22 are about 1.3 by 0.45 um providing about
0.40 um 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-
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Torassetti descri bes nethods of isolating bipolar-CMOS circuit devices

t hrough the use of various epitaxial l|ayers as commonly found in bipolar
devi ce technol ogies. The article "A 45-ns 16-Mo DRAM with Tri pl e- Wl
Structure” by S. Fujii et al., |IEEE Journal

-4- - 10 -

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.

In order to ensure that éhe buried plate region 32, not
visible in - FIG. 2, is both electrically and physically
isolated from other regions of the substrate ouvtside of
the array matrix, a surface 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 devices 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
DRAM 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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of *‘Solid-State Gircuits, Vol. 24, No. 5, Cctober 1989, pp. 1170-1175,
describes techniques for isolating various different functional device
types in which the entire array of trench DRAMcells is formed within a
surface inplanted P-well. U S. Patent 4,829,017 issued May 9, 1989 to
Mal hi describes a nmethod of formng a buried;doped |ayer in a substrate by
formng a shallow trench, protecting its si emalls further extending the
trench and finally doping the walls of the extended trench to form a

conti nuous doped HPi AthdSEdna 1 aSs L DRAM L X PO FORen €%, @3as 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-regioh 34 formed as a reach through
from the surface 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.

Reference is now made to FIGs. 3-12 which describe the
i preferred process sequence used to fabricate the
diffused buried plate trench DRAM cell array.

Referring to FPIG. 3, starting with a P-type
'semiconductor wafer of about 1~-2 Q-cm resistivity, an
oxide/nitride layer 50 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 500nm, layer 52 of oxide is
deposited by a conventional CVD TEOS technique to
act as an etch mask for trenches 22. A photolitho-
graphic mask is formed usihg 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
‘pPlasma etching process using oxygen and carbon
tetrafluoride (CF4) as the active agents. After
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trench DRAM The article "New Well Structure for Deep Sub-mcron
CMOS/ Bi CMOS Usi ng Thin Epitaxy over Buried Layer and Trench Isol ation" by
Y. Ckazaki et al. 1990 Synposium on VLSI Technol ogy, Di gest of Techni cal
Papers, paper 6C- 4, pp. 83-4, describes the use of buried epitaxial |ayers
to isolate surface devices fromthe substrate The foll ow ng references
relate specifically to variations in SPT DR&@(%NIS I n which a buried
regi on of opposite conductivity type fromthe substrate is used a one plate

of the DRAwlStoré@?iﬁﬁ?ﬁﬁikﬂé'pHd%oresist, trenches 22' are etched
to a depth of about 1.5 um using a anisotropic RIE

process in an Applied Materials 5000 etch tool to
provide the structure shown in FIG. 3,

Next, 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 35nm. 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. Consideratioh 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 dQeep trench. The partially processed substrate
is then exposed to an oxygen/CF4 RIE etch to remove the
deposited layer on all horizontal surfaces, including
the bottom of trenches 22', 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 pm, reéulting
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 6f arsenic in the
substrate should be about (.5 um to ensure that all of
the lateral space between trenches is completely doped.
The doped surface concentration at
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Pat'ent 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 bottomof the trench a

di ffusion of opposite type fromthe substrate is formed such that the

di ffusions of adjacent cells interconnect fgmmn.ng a grid-like structure.
One or nore trenches not associated with a DRAMcell is fornmed to act as a
reach through to enable the doped region to be biased at a suitable

ref erence vol t ageheFsoufack? oft Mreedrench sidewalls should be about

2 . 10%° 3
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 um.

atoms/cm™ (2E1S% atoms per cubic centimeter).

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 7nm of silicon nitride is conformally
deposited. The nitride layer is then oxid;zed to form
about 1.5nm 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 (1E19 atoms/cubic centimeter) to a
thickness of about 900nm above the surface 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 areas of the substrate and
etches into the polysilicon at the tops of the trenches
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clearly. illustrates the grid-like aspect of the buried region.. European
publ i shed application 0 283 964, published Septenber 28, 1988 describes a
buried plate SPT DRAM cell in which an out-diffused region fromthe DRAM
trenches, simlar to that in Kaga et al., in which the diffused region
forms the plate of the SPT cell. As in Kagaj@t-al. a grid-like regionis
formed and is contacted by a non-cell trench. U S. Patent 4,873,560 issued
Oct ober 10, 1989 to Sunam et al, describes yet

to a level of about 1 um below the surface 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 similar to that in U.S. Patent
4,801,988. The resultihg 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 anneaied, 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. 1In 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, poiysilicon
55' in the top of the trenches is recessed about 50nm
to 100nm below the substrate surface in order to
prevent subsequently applied polysilicon word lines
from shorting to the signal storage node of the

trench capacitors. The resulting structure is shown
in PIG. 7.

—_———
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anot her, buried plate SPT cell in which the access transistor is forned in
the cell trench. FIG 30, thereof, and its related text, describes the

i npor- tance of. maintaining the grid-like structure of the buried region in-
order to enabl e proper operation of the cell transfer device. Sunam et al,
further cautions that in the event that openisig-in the grid-like buried
region' should be "filled by the depletion |layer" isolating the surface
devices fromthe substrate a separate connection can be nade to the

"isol ated" surfatextedihen liocak desolatiomsin tthe fdemsafieshalkovi tikensht he
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whi ch the dopant m@sk tilse 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 surface 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 substrate
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 contacting
the buried N-type plate region 32 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 implaﬁtation steps to form
retrograde N-wells 34. Phosphorus ions are implanted
at about 900 KEV with a dose of about 5-10%3 )
atoms/cmz) SE13 atoms per square centimeter to form the

—

—

——r——
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buried region is provided by ion inplantation into the sidewalls of the,
deep trench of the DRAMcell. Finally, U.S. Patent 4,794,434 issued :
Decenber 27, 1988 to Pelley, describes a buried plate SPT DRAM cel | forned
usi ng bipolar devi ce processing nmethods in which the buried plate region is
fornmed froma buried sub-collector structung normally part of a bipolar
transi stor.

higher concentration deepest portion of the well, at
about 500 KEV with a dose of about 2,3 - 101-3 atoms/cm
{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
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 about 1,3 + 102
centimeter) to control the threshold voltage of the
P~channel FETs formed in selective N-wells. 2additional
implant masks and implants may also be used to further

2

atoms/cm2 {1.9E12 atoms per square

atoms/cm2 {1.3E12 atoms per square

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 (8E12 atoms per square _
centimeter) to form the bulk of the well, at about 80
KEV with a dose of about 1,6 - 10%2 atoms/cm® (1.6E12
atoms per square centimeter) to control punch through
region and at about 7.3 KEV with a dose of about

3,7 - 1012 atoms/cm2 (3.7E12 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_t;enches 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 to ensure that the
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6 Vhile the above cited references illustrate the diverse and concentrated
efforts made by DRAM designers in attenpting to overconme the inherent
barriers in continuing to reduce the size, and increase the density, of
DRAM cel I's, none provide the capability to carry DRAMtechnol ogy into the
sub-0.5 [err]n1feature size range, a feat whigh oust be achieved in order
to continue the two decade "tradition" of providing ever increasing density
of DRAM technol ogy. Qut of frustration, DRAM designers have turned to the

process- substrate regions of the transfer devices can be
' electrically coupled to the semiconductor 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 10nm of silicon
dioxide on the exposed silicon surfaces of the
subétrate. A polysilicon layer 62 of about 200mm is
deposited and doped by ion implanting phosphorus at
about 25 KEV with a dose of about 6 - 1015 atoms/cm
(6E15 atoms per Square centimeter). This is followed
by deposition of about 100nm 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.

2

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 doped N-type region 70

is then formed by implanting phosphorus at about

30 KEV with a dose of about 1014 2 (1E14 atoms
per square centimeter). After removal of the block-

atoms/cm

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-
faces. Next, the doped regions are silicided in
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conﬁlicafing use of "stacked capacitor” DRAMcells only to find such
designs extrenely cunbersone to the point of being virtually

un- manuf act ur abl e. SUVMMARY OF THE | NVENTI ON
It is an object of the present invention to aneliorate one or nore
di sadvantages of the prior art. AccéBdirng to one aspect of the

present invention there is provided a dynam c random access nenory device

conprising: a sem conductor substrate having a first regiaon of a first

conductivity tyPReCOBVEREASPRad Bappery PYf eYBRAFARELREBPPUER08M ©fch cel |
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 {S5E15 atoms per square centi-
meter) followed by a drive-in step in nitrogen at ?bout
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
centimeter). A polysilicon surface 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

{5E15 atoms per square

BU 991 028 . ' I

This Sheet Has Bee

[T



congrising an access transistor coupled to a storage capacitor, the

transi stor of each nenory cell being formed within a second region of said
sem conductor substrate, each access transistor :having.a control

el ectrode, a data line contact region, a storage node region, and a
channel region; a plurality of signal storagﬁgcapacitors formed in a
plurality of trenches in said substrate, each capacitor including a signal
st orage node region and a reference voltage node regi on separated by a

dielectric insul aplerdditned € LFOEE, VOL! AGGUINER BPOLIE E6hPTekPEYeEs O

said first reglon strate an
the 01rcu1ts to be 1nterconnected.

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.
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si ghal storage node regi on of each capacitor being connected to a .
correspondi ng storage node region of one of said access transistors; neans
for physically_and electrically isolating all of the channel regions of
said access transistors within said one array from said first region of

said substrate, nﬁgns conprisppg-a third region of opposite
conductivity typi‘“mmﬂwmmmw gi on, said third region forned-laterally
between said firgt &nd-setond regions, said third region intersecting and

extending below the bottomof all of said trgnghgss said third region
conprising said reference voltage node

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 (20), and a
channel region; .

a plurality of signal storage capacitors (24)
formed in a 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

BU 991 028
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regi on having a substantially constant inpurity doping concentration
t hroughout its depth and said third region conprising an isolation region

ext endi ng substant ﬂmﬂ mmmtmlll carray and extending between-said
ref erence voltage surface of said seniconductor

substrate; and neand fbr bidsing said first, gecond and third regions of

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 (10); 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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sai d substrate-fe~#|rsL*_5~pond and third different reference voltages.
According to anza er aspect of the present invention there is provided a

dynam c random ﬁﬂ”'ﬂm ice conprising: a plurality of deep
trenches arrang LM mv matrix on the surface of a

sem conduct or substrate % hé spaci ng between s@diacent trenches being
substantially equal in both a lateral and transverse direction; a buried
pl ate diffused region being associated with all of said deep trenches; each

of a first pluraligy ¢f D@%iﬁni@%ﬁd&ﬂ%e@@'rﬂ&n@ﬁ%é@i@é’ &lﬁﬁ‘r:@slng-

substrate plate trench
a plurallty 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 equal
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) and coupled to a region
of the substrate {(10) within the buried plate
diffused region (32); i

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 surface diffused region is

N-type.
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celt ineluding a transfer—device;a data node and a storage node connected
to a capacitor™ plate for med iln a deep trench and coupled to a region
of the substrat m“ w&\‘@ed pl ate diffused region; each of a second
plurality of saﬁu Qn eing contacting with a surface diffused

I sol ati on region enc?osﬁng t he perineter of tgg first plurality of said
deep trenches and contacting the buried plate*di ffused region so that the
substrate region mnthln the matrix is electrically and physically isol ated

fromthe remainderg '%er e&?’t@ﬁxigt z.e%ncad{\hacéﬁ%ﬁrﬂéﬂ?r{rodé{r!ihg 8ROLAG o2f

t he present |nvent|on t Or OV
: claims 6 to 8 wherein the impurity in the buried

plate diffused region (32) is arsenic.

10. The method of making a dynamic random accéss
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 surface 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 (32) of a second
conductivity type across the entire extent of the
matrix pattern; ' |

forming 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 surface region of said second
conductivity type having a depth so as to physically
and electrically isoclate 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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maki ng a dynam c.random access nenory devi ce conprising the steps of:

-_— 77

providing a sem conductor substrate of a first.conductivity type; forn{ng

a plurality of def“ ' ' . matrix pattern on a top surface of said
substrate; diffus ﬂum M’(’}@! uctivity type inpurity fromthe | ower
portion of the depth of isaird de trenches into said substrate to forma
continuous buried diffused region of a secoRd conductivity type across the
entire extent of the matrix pattern; formng a dielectric |ayer on the

inside of said deep frenches_and fLIIiEg sai d hr%nches wi_th a _conductive
el ectrode material: f ?ﬁ1ﬂaup11ng signa to an rom 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 femoved 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),
rlacing 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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around t.he perineter of said matrix pattern a diffused surface region of
sai d second conductlvkry“type-haV|ng a depth so as to physically and

electrically i n_of
7a t he subsa ﬂﬂ"ﬂ"mlﬂmﬁm trix pattern above said continuous buried
M [ 25

di ffused region;* and ¢

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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- feormipg within the isolated portion of the matrix pattern a plurality of
sem conduct or devi ces for coupling signals to and from said conductive
el ectrode material within at | east some of said deep trenches.
DESCRI PTI ON OF THE PREFERRED ENMBCDI MENT( S) Ways of carrying out
the invention are described in detail below @& R reference to dr awi ngs
showi ng only a specific enbodi nent, in which: Fig. 1 s a
sinplified schematic sectional view of a substrate plate trench

(SPT) DRAM cell of the invention illus ®aiS AYR ke GdBic el ectrical

A high density substrate plate DRAM cell memory device
and process are described in which a buried plate
region (32) is formed adjacent to deep trench (22)
capacitors such that the substrate region of DRAM
transfer FETs can be electrically isolated from other
FETs on a semiconductor substrate (10). The buried
region (32) is partially formed by lateral outdiffusion
from the sidewalls of the deep trenches (22) and -
partially formed by an N-well surface diffusion (34)
which entirely surrounds the DRAM array region.

_—
———
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connBettens of the cell. Fig. 2. Is a plan view of a corner of
an array of the invention schematically : |IIustrat|ng

the rel ati onship_of the various device | ayout patterns
forming the array celTs.————_ Figs 3-12 are schenmati T&@cﬁh‘EﬁTaHASBSEH
_REPRACEDr ay
g.

of the array EhISSHt&Hap n ion illustrati é
various steps i tdanuf act uri hg process. Reter
there is shown lﬂ/ /TEI’]'[S of the Buried Plate Trench SPT of
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-the-invention. The cell is an inprovenent of the prior art SPT DRAM cel| as
descri bed by Lu et al. in US Patent 4,688,063 and as nodi fi ed by Kenney
in US Patent 4,801,988 both of which-are incorporated herein by

r ef erence. THIS. SHEET HAS BEEN |
REPLACED

T
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The*cel | <includes the follow ng major features.

sem conduct or

has an P-type well
N-channel transfer devices 14 are forned. A control

device 14 is responsive to a word access |ine of

circuits,

channel
st or age
node 20

pol ysili

not shown,

to couple data between?gdaga
N-type region 18 and diffused N-type storage node
region formed in P-well

12. I n a manner

A -substrate 10 of P-type
12 fornmed at its upper surface into which

si m

‘ gateQEngéééuygj 6 of
A.Eéﬂpa
' ‘REP

ar to the prior art,

capacitor is fornmed in a deep trench 22 adjacent to the storage
and includes a signal
con el ectrode 24 isol ated fron1substrate/10 by a thin dielectric
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storage node fornedgy conductive N-type
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| ayér. Dirffused 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

vol tage of the vertical parasitic FET formed by the diffused storage node
20 and the substrate within the P-well 12. Local surf/a8

provi ded, as desired to define active device regions oﬂH

substrate. Wth the exception of the sem conduct or ARYY
10, the cell has simlar attributes as the N-channel Ve
art SPT DRAM cel | . &/é
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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 cell's, the buried layer 32 of the invention fornms an
el ectrical and physical isolation neans between the surfage, P

whi ch the transfer devices are fornedngep/the seniconduct-r gHFﬁgg%SEEENTQ
D

whi ch one
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-9-", 'oF nore DRAM cel |l arrays and support circuits are _forned. Thus,
bur|ed layer 32 and its two p-n junc- tions prg%i,de a ffeans
i ndependent |y bias, by way of reference voltage Vbn, npt
reference voltage node for the array cells, but also tihe_|
of both N and P-channel devices used in support devices and - g
devices 14 of the DRAMcells. It wll be recognized, that the |ocal

substrate region of the cell transfer device 14 can be independently biased
by reference voltage Vbp. sinmilarly, the substrate bias Vsub rciflé be
i ndependent |y established to bias devicesyphi ch may ngt/-be bo breed i n
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a P-type well. Al t hough other buried plate t Fencps

_ : MENTSSH%T@ beé@
. described in the prior, they were proposed in et oy geiged.. L. to pagedli.
envi ronnent s whi ch made inple- nentation of t ﬁ_-{gpn :epdgemm.gvpaged%f
-1 mpossi bl e. It is an inportant aspect of the|ip& _M—,ﬂ'_ﬁa_@;@s)t@age@?zl&. lmge:hﬁg
of cells as described in connection wth FlG 3§ N @ugbyrpl @@a@%tto paged .....

manuf act ure processi ng sequence. Referring npwto FIG 2 there is shown a

plan view of a DESCRI PWW@ERECEIPT.E':‘Q..(.S:&Q

DIFFUSED BURIED PLATE TRENCH DRAM CELL ARRAY

This invention relates to semiconductor memory devices
and particularly to high density dynamic random access
memory cells and methods for their manufacture in
sub-micron technologies.

Designers of technologies for producing semiconductér'
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-micron 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 to 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 fabridation matefials and the
operatiﬁg 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 voltages initiated in thg;early 1970s. Reduction
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portion of one corner of an array of DRAM cells nmade in accordance with the
i nvention. Fornmed within the surface of sem conductor substrate 10 is a
matrix of array trenches 22 in a sinple rectangular area. The periodicity
of the trenches is about 1.7 [err]mby 0.85 [err]m Trenches 22 are about
1.3 by 0.45 [err]m providing about 0.40 [ecrpm.horizontal and. vertical

spaci ng between trenches. The |ayout of elenents for each cell is simlar
to that shown in FIG 6 of U S. Patent 4,801,988, although the use of other
| ayout con- in the surface area of semiconductor substrate utilized

by the DRAM stofage capacitor has been severely
restricted. Due to decreases in the thickness of
reliable capacitor dielectric materials, existing 1
Megabit (1Mb) 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 capacitof has
been formed in a trench formed in the surface 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 intercénnections 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, insurmountablé 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
deéelbpment 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.




- 10 - figurations can be provided for open bit line or quarter pitch

folded bit |ine 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.

| sol ation regions 30 are provided in alternat@ rows and col utms across the

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 G.i, pp. 128-131,
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. U.S. Patent 4,801,988
issued January 31, 1989 to Kenney, describes an
improved SPT cell which includesia 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 Charge" 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 allow
the plate reference voltage to be separately biased 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" by S. Fujii et al., IEEE Journal
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matri x. 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 | ower edge of each
cell trench is the surface strap 26. Overlying the entire array are netal
bit lines, not shown, which run horizontally between trenches and nake
contact to diffused blt line regions 18 as 1 ndicat ed schematically by the

| ar ge Xs. In order to ensure that the buried plate reglon 32, not visible

in FIG 2, is bothee | C VAL I ons

of the substrate Etélggﬂi % é?}%amrm rs@l azz{)fr ﬂf’#\l—%%%ée

reach pp. 1170-1175, descrlbes technlques for 1solat1ng
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 al., 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 specifically 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.S.
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 DRAM 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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through region 34 is provided around the entire array|rBEitén:

region 34 is fornmed at the sane tine as the N-well reg
P-.channel devices in other areas of the substrate. Sipm a@
region 12 used in the array is fornmed at the sane ting

used for N-channel devices in other areas of &he subsjr , W

exception of the buried N-type region 32, no additionEI process- ing stjeps

are required to formthe renmi nder of the DRAM cell

overlap of the N wiléarknchllusbugheseghengsidwniliket Aspboti efl thgi bnried

the outer one or tNOL{ONS Okyf&HRah’ pUGIS8HEd @pBlication 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 device. Sunami et al, further
cautions that in the event that opening in the

i grid-like buried regionishould be "filled by the
depletion layer" isolating the surface devices from
the substrate a separate connection can be made to
the “isolated" surface region in order to bias it to
the same poténtial 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 DRAM 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

i

bipolar transistor.



non-f uncti onal

formation of burief gron i s desdrijped, below. . As can be seen, the
buried isolation reg oso)hAtyhmu stfrate is for T

which is

as

~and concentrated efforts made by DRAM designers in

DA tel #1itl 8HEHes as will become evident when the
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While the above cited references illustrate the diverse
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 um 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
prbéess-complicéting use of "stacked capacitor" DRAM
cells only to £ind such designs extremely cumbersome to
the poiﬂt 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 object of the invention is to provide a buried plate
SPT DRAM cell array in which the density limitations of
the prior art are removed.

Another object of the the invention is to reduce the
complexity of SPT DRAM design 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 historicaily limiting
parameﬁers of DRAM cells are dealt with in a unifying
manner to provide a near optimum design in which charge
leakage factors are minimized and dgz}gg_bias

=
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f or med by the | at réﬂEPmﬁLi\m‘\Hf ﬁﬁﬁEJn fromthe trenches 22 and a second
sub-region 34 for rqugh fromthe surface of . >_suixstnat e
to contact the top|o ;
" density of the strictues on the sublstrate, the sub Hﬁﬂ§
~spaci ng between trégn e but diffusion f
~merge form ng one g§on- tinuous buried |ayer in whic

r é |npur|ty
concentra- tion is“-remtalTed at a hi h | evel Ref erence i.s qﬁ&*ﬁbde to
FI Gs. 3-12 which de@ri}btoBsieabeePBid z&%ce@%éﬂ&ﬁe’-%e‘d‘q % cat e

the diffused buriegubsesgté rgnabe DoA¥netl IDRAM @11 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
prgéess 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 is a simplified schematic sectional view of a
substrate plate trench (SPT) DRAM cell of the
| invention illustrating the basic electrical
' connections of the cell.

FIG. 2 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.
I

-
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Referring to FIG 3, starting with a P-type sem conductor wafer of about
1-2 [err]-cmresistivity, an oxide/nitride |layer 50 having a thickness of
. about 175nmis forned on substrate 10 to act as an etch/polish stop to be
" used in subsequent steps. Arelatively thick, about 500nm |ayer 52 of

oxi de i s deposited by a conventional CVD TECSS8t &chnique to act as an etch
- mask for trenches 22. A photolitho- graphic mask is fornmed using a high

~resol ution photoresist and js usgd t%§Qefigﬁ thegpattern f .trenches 22
which are to be etBrecehl simcivdes the /4 1oYdRo IRt featt&fst et ed to

t he thi ck oxi de |l-ajzgsstra®edld hef opi-tspri isemdeondyetor0 Has ardB-yvipes mell

etching process L”ii“%é?ﬁ@&“a@“ﬂtgahB%%r 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 nodé 20 and includes a signal storage node
fotmed 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 DRAM 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
surface well 12 in which the transfer devices are

formed and the semiconductor substrate 10 in which one
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tetrafluoride (CF4) as the active agents. After .

- 12 - stripping the photoresist, trenches 22' are etched to a depth of
about 1. 5 [err]musing a anisotropic RIE process in an Applied Materials
5000 etch tool to ' '

-9 -

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 DRAM
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 propoéed in
photolithographic environments which made imple-
mentation of the invention all but impossible.

It is an important aspect of the invention 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 made in
accordance with the invention. Formed within the
surface of semiconductor substrate 10 is a matrix of
array trenches 22 in a simple rectangular area. The
periddicity of the trenches is about 1.7 um by 0.85 um.
Trenches 22 are about 1.3 by 0.45 um providing about
0.40 um 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-
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provi de the structure shown in FIG 3. . Next, as shown in FIG 4, a

diffusion barrier collar is formed in the initially etched trench 22' by

depositing a conformal |ayer of TEOS CVD oxide to a thickness of about 20nm
- followed by a confornmal |ayer of silicon nitride of about 35nm The

t hi ckness of deposited diffusion collar IaYeFQ I's chosen to provide optinum
~thickness to act as a diffusion barrier and need not be that required for

the collar dielectric 28 in the conpleted Consideration is_al so given

L BE B

“to provide a nini 1902 <S¢ PEPVéngLtPEe°PF8n 40€, %8t der to
provide a maxi nuiuaEeenipiteh yEdldedebiedideepohfégaltatibaspartially
processed substrate

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. ;

In order to ensure that the buried plate region 32, not
visible in FIG. 2, is both electrically and physically
isolated from other regions of the substrate outside of
the array matrix, a surface diffused N-type reach
throﬁgh 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 devices 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
DRAM 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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I's then exposed to an oxygen/CF4 R E etch to renove the deposited | ayer on
all horizontal surfaces, including the bottomof trenches 22', to provide a
si‘dewal | 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 um resulting in the structure shown in FLG14- Referring to FIG 5,
‘the buried plate region 32 is forned by deposition of about 50nm of a
.confornal | ayer of arsenic doped gl ass deposited by a CVD technique to

iprovide a dopant s@H-cRuREOEidhelSabSPRANNEelDetrBhches] uakowigtiepechme
convent]onal Lhel WidlAdhdn SRR ESRALILR 0P buled 2hs 3000 eT 11 C o

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 surface of the substrate to contact the top of
. the buried sub-region 32. Because 0f 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.

Reference is now made to FIGs. 3-12 which describe the
preferred 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 Q-cm resistivity, an
oxide/nitride layer 50 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 500nm, layer 52 of oxide is
deposited by a conventional 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

.-w A %'{ DHEET




in the doped glass to be diffused into the substrate 10. The | ateral

di ffusion depth of arsenic in the substrate should be about 0.5 [err]mto

ensure that all of the |ateral space between trenches is conpletely doped.

The doped surface concentration at ' - 13 -
_12_

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

Next, 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 35nm. The thickness of
deposited diffusion cellar 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 exposed to an oxygen/CF4 RIE etch to remove the
deposited layer on all horizontal surfaces, including
the bottom of trenches 22', 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 S5 um, reéulting
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 layver
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 .5 um to ensure that all of
the lateral space between trenches is completely doped.
The doped surface concentration at




the surface of the trench sidewalls should be about i
atons/cnferr] (2E19 atons per cubic centineter). Al thqu
‘trenches illustrated in the figures is exaggerated, it}s ouldp§§ w9deristiood
that the maxi mum spacing of trenches is about 0.45 [er the

drive-in, the arsenic doped oxide | ayer is st¥3 pped usiin
the standard manner, resulting in the structure of FIG
renove any residual RIE etch damage to the sidewalls of}t e
a thin sacrifici athexsuefame bE dgrhevtrencheidevald ofshdield rencilesut

After formation Oi thfobarh%gm@ﬁgﬁgrfi&fglaééﬁé per cubic centimeter).
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 um.

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 tc remove the sacrificial pxide 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 7nm of silicon nitride is conformally
deposited. The nitride layer is then oxidized to form
about 1.5mm 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 (1E19 atoms/cubic centimeter) to a
thickness of about 900nm above the surface of the
substrate. 2A 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 areas of the substrate and
etches into the polysilicon at the tops of the trenches



. T -
remai ni ng thi ckness of maski ng oxide | ayer .52 and Iﬁg&y¥*Msﬁoﬁ BETr er
collar 54 is renoved using hot phosphoric acid for|the outer nitrife}l ayer
and buffered HF to renpve the sacrificial oxide ingide f MAE 99&nthes.

" Next, the trench capacitor structure is formed by tfthérmally oxidi z¢ng the
now exposed silicon sidewalls and bottom of- tife trdnches—toa T hi ckngss of
about 4nm Then, about 7nm of silicon nitride s cdnformal |y denncl d. The
nitride layer is then oxidized to forn1about 5nmsiTicon dio to

conpl ete the ONO tel & A6¥Eeldpé| aboute 1 'H'Péhterlé?’fbtfé%e AR 95 Itr
conformal |y deposghhetraekylebiviay @uprsl tpdlatsikiassn 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 similar 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
surfaées. 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 trenches is recessed about 50nm
to 100nm below the substrate surface in order to
prevent subsequently applied polysilicon word lines
from shorting to the signal storage node of the

trench capacitors. The resulting structure is shown
in FIG. 7. |



10[err] atons/cnferr] (1E19 atons/cubic centineter)
900nm above the surface of the substrate. A thermnal
+ 1000 [err]C in nitrogen heal s any inadvertent seans
~polysilicon in the deep trenches 22. A RIE progess s
polysilicon then renoves all of the polysilic6h on t

substrate and etches into the polysilicon at the top$
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_ of—the trenches
. Next the local isolation in the foim—eé—shattUW’ffEﬁbh

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 surface 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 350mm. 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 substrate
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 contacting
the buried N-type plate region 32 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/cmz) 5E13 atoms per square centimeter to form the



-14 - to a level of about 1 [err]m below the surfac
| eavi ng doped polysilicon 55 in -the bottomof the tr
collar 28 is then fornmed on the sidewalls of the exposie
conformal |y depositing CVD of about 90nm of _silicon di
ani sotropically etching the oxide fron1p|an&ﬁ areas, i
of the trenches, to | eave a collar 28 on the upper sid

recessed trenches, in a manner sim,l ar t in US
resul ting strtuiﬁ&%b?% SARGRNFRaELED geepes% portion o .
about 500 KEV with a dose of about 2,3 + 10 atoms/cm

(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 890 KEV with a dose
of about 1,3 - 1012 atoms/cm (1.3B12 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.

X\ déﬁhhﬁ“t
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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 (8E12 atoms per sguare
centimeter) to form the bulk of the well, at about 80
KEV with a dose of about 1,6 - 1012 atoms/cm2 (1.6E12
atoms per square centimeter) to control punch through
region and at about 7.3 KEV with a dose of about

3,7 » 1012 atoms/cm2 (3.7E12 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 to ensure that the



Referring nowto FIG 7, the trenches are again filled wit mmaggdgeg}
pol ysilicon to a surface thickness of about 600nm and an as..ab .
Then all of the thus deposited polysilicon forned on the

substrate is renoved preferably by a planarizing process

chem cal - mechani cal polishing in order to r etluk any unddgsiirabl e stress
caused by this non-functional |ayer. The front, or trench containi ng site,
of the substrate is then .planarized to_renove the Ia§$ d ' Qnm of
pol ysi | i con from aBMbstEREe fRgiRRs. of nthe Jeransfer HeVLCes peano
planarity, it is pegetatilcalllsy useupledetd Cethe NEabEbndicPoLi Sibsfrate 10.
techni que. Such techniques are described in greater
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Next, the gatée 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 10mm of silicon
dioxide on the exposed silicon surfaces of the
subétrate. ‘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/cm
(6E15 atoms per square centimeter). This is-followed'
by deposition of about 100nm 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.

2

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 doped N-type region 70

is then formed by implanting phosphorus at about

30 KEV with a dose of about 1014 atoms/cm2 {1E1l4 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-
faces. Next, the doped regions are silicided in



nerL

detail in U S. Patent 4,944,836 to Beyer et al. and U Eatent 4,789, 648

- HEET

to Chow et al. Next, polysilicon 55 in the top of the r=n5ﬁbhahsnggc sqed

about 50nmto 100nm bel ow t he substrate surface in order fto prevent
subsequent|ly applied polysilicon word |ines om shortijng to tThe sig
storage node of the trench capacitors. The reesulting stlewcture is shown ifn

FIG 7.

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

sbout 5 « 101°

atoms/cm® {5E15 atoms per square cehti-

meter) followed by a drive-in step in nitrogen at about
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
atoms/cm2 {5E15 atoms
centimeter). A polysilicon surface strap 26

dose of about 5 - 10%°

to connect the N-type diffusions forming the
node region 20 to the polysilicon 55' at the

with a
per sgquare
is formed
storage
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

prolishing 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 technigques. The DRAM is completed by

providing a number of additional planarized



- 15 - Next the local isolation in the formof shallow trench isolation
(STI) is fornmed, shown in FIG 8. An STl nask is applied to the substrate
and defines all of the regions where STl is desired. The exposed
oxide/nitride etch stop layer 50 is etched to expose the silicon substrate
surface and overl apped polysilicon filled t+@&fch tops. Preferably in the
sane processing chanber, the exposed substrate, trench collar and
polysilicon are etched to a depth of about 350nm A LPCVD TECS oxi de | ayer
56 of about 630nninmterdennechf deNglsy, daaocmquearedvbw tthe ewmplexithstafat e

as 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.
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shown in FIG 8. Next, as shown in FIG 9 STl oxide |ayer 56 is
pl anari zed, preferably by a conbi nation of RIE etch- bajK arrd '

cheni cal - mechani cal polishing as described in applicati ﬁHﬁﬁﬁﬂﬁﬁrﬁ BEENe
Cct ober 25, 1989 Wde Dielectric-fil | sBERLAGED
Trenches in Sem c!mmmm:'mml“mu?baugh et al 29Naxt, any remal nrng ‘
oxide/nitride layer 30 its renbved by hot phosphoric acid and buffered HF.
At this point, a sacrificial oxide may be 3W3 th exposed substrate
surfaces, as these will becone the active de e s for N and P-channel

‘devi ces of the CMOS process into which the array of the invention is
integrated.

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 (20), and a
channel region;

a plurality of signal storage'capacito;s (24)
formed in a 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
éonnected 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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Next, N-wells fo[_E;chaﬁﬁef’HEVTEg; and for contactisng_the burled N-type
) 3 —

pl ate region 32 are for \conventlonal use fT,zﬂgé}l]
covers all of the m‘ “ where N-wells ar e5|ﬁ
formation of the t he' substrate. |§1expo~r&—_"_“‘

ion inplantation st%ps to forn1retrograde N-wel | s 34. Phosphorus ions are
I npl anted at about 900 KEV with a dose of about 5.10[err] atons/cnR) 5E13

atons per square centi Riflod®, foaMEt BRird region (32) intersecting all
of said tremnches (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 (10); 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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hi gher concentratio
dose of about 2,3 *
céntinmeter) to formt
of about 1,9 * 10[err
to control

6.
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n“deepeslh$ggli9%Tg;Tthe wel |,
1& err|] atons/c (2. 3E13 atons per square

punch t hrough.
at this point to selectively inplant arsenic at abo

at about 500 KEV with a

HM" and at abgs dose
I m Ml 9E12 atoms aHig UEEE"@@rﬁErEr‘Fbt\er)
| + dBsised an addftfdnal wel | EDn bellused

REV W th a dose

A dynamic random access memory 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 equal
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 piurality 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) and coupled to a region
of the substrate {10) within the buried plate
diffused,; region (32); i

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).

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).

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 surface diffused region is

N- type .
This Sheet Has'Been RT
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of about 1,3 * 10[err] atons/cnferr] (1.3El12 atons per_square centyneter)

to control the threshold voltage of the P-channel FE srigr ve
N wel | s. Additioﬂun mn, and inplants may ajjso Degg er
tailor specific m m Wﬂf ﬁvol t ages. Fol | owi fig=t-he Fg ‘the

N-wel I's, a conventiohall P-welsl wask is formed33n-a sinilar manner in order
to mask the substrate agai nst boron ions used to formthe P-wells 58, also
shown in FIG 9. To forn1the P-wel | s, boron ions are inplanted at about 200

KEV with a dose of Skboufhs dyRspde: Fandam ASAess Mefeer, devdee of amuate

centineter) to formt hecmuiiﬁsois e agitereain abheutimprKiEy Wi Rt dnas «d

*
about 1,6 * 10[err] atog&é% LERY %d?%eglon (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 pathern on a top surface 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 (32) of a second
conductivity type across the entire extent of the
matrix pattern;

forming 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 surface region of said second
conductivity type having a depth so as to physically
and electrically isclate 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)

REPLANEMENT SHEET
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atons per square centimeter) to control punch through _regi
7.3 KEV with a dose-ef—about 3,7 * 10[err] atons/c
square centinete to control the threshold voltage
used in the arrq{l ”lﬂt,mﬁnﬂ cuitry of the DRAML_Eh ‘

FIG 9 results. <E",fron1the abgve description, that the
N-wel | regions 34 nake ph93|tal*contact with the buried plate region 34
surroundi ng the deep trenches to ensure both electrical and physi cal

i solation of all of tfertecanpléfigdedignadsagsoandt €dow shiBRAVNARIKtIveUn! i ke

th? prior art, there 'fec€}886d t%e% Eir%i%ﬂfﬁ Egeleast 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 clalm 10 or 11 whereln 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 removed 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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- 17 - substrate—+egions_of the transfer devices can be_electrically

cqQupled to the sem conductor substrate 10. Next, the 1
.

2w o AR 5 €

referred to above, a"gate ¥nsulator |ayer 6047 forned by gromnng about
10nm of silicon

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)
conmprises arsenic and an arsenic containing glass

" layer.

e
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di oxi de on the exposed silicon surfaces of the substrate. A polysilicon

| ayer 62 of about 200nmis deposited and doped by ion inplanting phosphorus
at about 25 KEV with a dose of about 6 * 10[err] atoms/cr‘r{err] (6EL5

per square centineter). This is foll owed by deposition_of—abn T

titaniumsilicide |layer 64 by sputtering tg reduce th TES
wordlines. The gate stack is conpleted by~ Qﬁole ng @ | ayeREDEOT Si-ti 20N
di oxide and a layer 68 of silicon nitride of about 80Rs=FESTITINg in the

structure shown in FIG 10. As shown in FIG 11, the nultilayer gate stack
Is selectively etched to define the first |evel of inter- connect and the
gate el ectrodes for the CMOS FET

DIFFUSED BURIED PLATE TRENCH DRAM CELL ARRAY

ABSTRACT

A high density substrate plate DRAM cell memory device and process are described in which
a buried plate region (32) is formed adjacent to deep trench (22) capacitors such that the
substrate region of DRAM transfer FETs can be electrically isolated from other FETs on a
semiconductor substrate (10). The buried region (32) is partially formed by Tateral
outdiffusion from the sidewalls of the deep trenches (22) and partially formed by a N-well
surface diffusion (34) which entirely surrounds the DRAM array region.

Fig. 1

This Sheet Has Been R

M}_SHE;T i T




®evi ces to be formed on the planarized substrate. The exposed pol ysilicon
I s oxidized sightly at about 1050 [err]C Next, a bl ocking mask S used to
protect all of the device regions except where N-channe
formed. A lightly doped N-type region 70 is then forneg
phosphorus at about 30 KEV with a dose of about 10[err]ilato
atons per square centineter). After renoval of the bl oce=FRgTEaSK, a
sidewal | spacer 72 is forned by deposit- ing abput. 45nm of CVD sil i con
nitride followed by an anisotropic R E of nitride-present on pl anar sur- |
faces. Next, the doped regions are silicided in -

C16.3

-—
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a conventi onal

manner by evaporating about 20nm of cobalt,

anneal i ng at about 750 [err]C and renovi ng unreacted cobalt in d| I ute

nitric ac

i d.

The devi ces and DRAM structure are conpl

| formati on of -borderl ess contacts in a manner similar tol] THIS SHEETHAS BTEEN ,
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the techniques described in U S. Patent 4,944,682 to Cronin et al. entitled
"*Met hod of Form ng Borderless Contacts,"” vmth t he foIIovm ng steps
illustrated with reference te FIG 12. A silicon n|t SeomiSrie LS 74 is
formed by depositing a layer of silicon nitride of 4 g

an anisotropic RIE step. The N+-type diffysjons 76

formed, after placing a bl ocking mask tdfréz)tect PFET]r ‘
i npl anting arsenic at about 50 KEV with dose of apo tpg"“ﬂire['@xﬁ]
atons/cnferr] (5E15 atons per square centi- neter) 0% [
step in nitrogen at about 900 [err]C. The P+-type |ffu5|ons for ‘
devices are formed, after placing a blocking mask to prore edi ons,
by i nplanting boron at about 10 KEV with a dose of about 5 * 10[err]
atons/cnjerr] (5E15 atons per square
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céntineter). A polysilicon surface strap 26 is forned to
difffusi ons form ng the storage node region 20 to the pol ysi

m m{;ﬁ op

t he storage node regions, selectively etching the oxide gt the tren
depositing N-type polysilicon and planarizing by a chem E
pol i shing process to |l eave polysilicon straps 26. Intercag
titaniumnitride and tungsten are fornmed as borderl ess contacts and an
interl evel passivating |ayer 80 of phosphorus-dopeél gl ass is deposited and
pl anari zed, again by chem cal - nechani cal polishing techniques. The DRAMis -
conpl eted by providing a nunber of additional planarized

6.3
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-219 - i nterconnect levels, as required by the conplexity of the circuits

t.o be intercannected. VM|Ie the invention has been ~ad—ln.tern of
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S/ € 2 4 JUL 1994
Sz

\\
—
AN
NG
N
AN
X,

Ko

RN
Z
&\\\\\>\\\\\
N

F:l(a b



single preferred enmbodi ment, 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 nade

wi't hout departing fromthe spirit and scope of the i”WEACEMENTSHEET
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CLAIM5S 1. A dynanmic random access nenory devi ce conpri sing: a
sem conductor .substrate having a first region of a first conductivity type;
at |east one array of dynamic nermory cells, each cell conpr|5|ng an access
transi stor coupled to a storage capacitor, the transgstqr ¥z Tax gumraz =Yooy (V)
cell being formed within a second region of said senwﬁgﬁhﬂéﬂhi S
each access transistor having a controléfy trode, ajdata
region, a storage node region, and a ch regi on; Iyqq%t
signal storage capacitors fornmed in a plurallty of tiemchés 1n sa
substrate, each capacitor including a signal storage{néte
ref erence vol tage node regiondgg arated by a dieIeQ$ ic insulator,
[

ref erence vol tage ‘node region ng formed on s St region of said

substrate and the signal _stordge node region/of each capacitor being

connected to a corre ?egﬁ&n\ét\sﬁa\oﬁ\sa{d<hcq NN
I ;ﬁ-h—

transistors; meang Pl | 1 electrl a\ly |solat|%g>dr
t he channel regions of
Y 3,_’ 5—8
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access transistors within said one array fromsaid first _regi
substrate, said isolating means conprising a third/{RK&f 0 mbﬁﬂl
conductivity type to said first region, said third adint t

bet ween said first and second regions, said third riedion inter tiin

extendi ng bel ow the bottom of all of said trenches;} shi Q4I@\&%§§gi 0

conprising said reference voltage node regi on havin a sub } y!

constant inpurity doping concentration throrﬁuyghout igs depth and said Yhird
|

regi on conprising an isolation region exterfdfithg subgtan nd said
array and extendi ng between said reference vol tage node regigrgda g a
surface of said sem conductor substrate; anga means lf%r Hi sg g said
first, second and third regi ons of said subst r%’;l\t"e to firs se‘condpﬁmd
third different referengegvol S. @ Th y h—=rrigm me
devi ce of claim 1 wherefTit hd[Teller dncd| voltdlge ode—Tegitbn b4 d {TH
region has an inpurity |[doRixp | evel hi Ciiexcedds Niat N\of \Tha MV gL 00N \
of said substrate. 3. & ldynam ¢ nd ccess ne y d@vsce of c) arm 2
whereintheirrpuritytype,.-; F A
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of sai’g"_j‘.'krst region is P-type. 4. The dynamic ] s§  _y \

"devicCé of claim 3 wherein the dopant inpurity of{ B nyis
boron and the dopant inpurity in the reference volit 4ge node rsg?o S
arsenic. 5. The dynami ¢ random access 6gem)ry dqvi cezcﬂ { erein
the access transistors are N-channel FET devices. 6. ' aridom
access nenory device conpri sing:

21 While the above cited references illustrate the diverse an elforts 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 pm 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.
SUMMARY OF THE INVENTION
It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.
| According to one aspect of the present invention there is provided a dynamic
random access memory device comprising: a semiconductor substrate having a first
region of a first conductivity type; at least one array of dynamic memory cells, each cell
comprising an access transistor coupled to a storage capacitor, the transistor of each
memory cell being formed within a second region of said semiconductor substrate, each
access transistor having a control electrode, a data line contact region, a storage node

region, and a channel region; a plurality of signal storage capacitors formed in a
plurality of trenches in said substrate, each capacitor including a signal storage node

region and a reference voltage node region separated by a dielectric insulator, the

reference voltage node region being formed on said first region of said substrate and the
signal storage node region of each capacitor being connected to a corresponding storage
node region of one of said access transistors; means for physically and electrically
isolating all of the channel regions of said access transistors within said one array from
said first region of said substrate, said isolating means cqmprising a third regioﬂ of
opposite conductivity type to said first region, said third region formed laterally between
said first and secoﬁd regions, said third region intersecting and extending below the

bottom of all of said trenches; said third region comprising said reference voltage node



a plurality of deep trenches arranged in a rectan
surface of a sem conductor substrate, the spacing
bei ng substantially equal in both a lateral and t

FPLACEMENT SHEETe
@ trenches
idgn; a

buried plate diffused regi on being associated w th {al efl
trenches; each of a first plurality df saidd i g
associated wth a substrate plate trench DRAM celfl including a trarnsfer
device, a %ﬁ tigit ggns\mﬁ RS ' &4
formed w tgll%%ﬁ’g ee tggﬁc@ a_nyél1 coup glgﬁto ;&}ng oncof t he subjstrat£es v?/ip_tﬂhi n
the buried fiadadd Hifd Hsh &&ﬁpﬁﬂ_h% an isolfd¢iregforfe silstin@hily ¥rdtindSqid
deep trenches being contacting with a surface diffused isolation region

encl osi ng tdieaypend BRicadingfbetweed b4id trefekenical voltgge hoda reiote and tar sirfee ofasaill
contacting the buried plate diffused region so that the substrate region
wi t hi n t he seaticonductor esubsitate;caid yneansd fqrhlyigsing ishig firs)| secerdl Amc thitdheegions of
‘remai nder of the substrate. 7. The dynam c random access nenory devi ce of
cl ai m 6 whesaid substratelsarfirsty segomtlend third different reference voltages.

According to another aspect of the present invention there is provided a dynamic
random access memory device comprising: a plurality of deep trenches arranged in a
rectangular matrix on the surface of a semiconductor substrate, the spacing between
adjacent trenches being substantiaily equal in both a lateral and transverse direction; a
buried plate diffused region being associated with all of said deep trenches; each of a
first plurality of said deep trenches 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 and coupled to a regioﬂ of the substrate within the
buried plate diffused region; each of a second plurality of said deep trenches being
contacting with a surface diffused isolation region enclosing the perimeter of the first
plurality of said deep trenches and contacting the buried plate diffused region so that the
substrate region within the matrix is electrically and physically isplated from the
remainder of the substrate.

According to still another of the present invention there is provided the method of
making a dynamic random access memory device comprising the steps of: providing a
semiconductor substrate of a first conductivity type; forming a plurality of deep trenches
in a matrix pattern on a top surface of said substrate; diffusing a second conductivity
type impurity from the lower portion of the depth of said deep trenches into said
substrate to form a continuous buried diffused region of a second conductivity type
across the entire extent of the matrix pattern; forming a dielectric layer on the inside of
said deep trenches and filling said trenches with a conductive electrode material; forming
around thé perimeter of said matrix pattern a diffused surface region of said second

conductivity type having a depth so as to physically and electrically isolate a portion of
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constant throughout the depth of said buried plate diffused region] §. The
dynam ¢ random access nenory device of claim7 wherjeijn Qh:gzd Wt)
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DESCRIPTION OF THE PREFERRED EMBOD NT(S)

Ways of carrying out the invention are described in detail below with reference té

drawings showing only a specific embodiment, in which:

Fig. 1 is a simplified schematic sectional view of a substrate plate trench
(SPT) DRAM cell of the invention illustrating the basic 'electrical
connections of the cell.

Fig. 2. 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 manufacturiﬁg 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 US Patent 4,688,063 and as modified by Kenney in US Patent 4,801,988

both of which are incorporated herein by reference.
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CLAIMS

1. A dynamic random access memory device comprising:
a semiconductor substrate having a first region of a first conductivity type;
at least one array of dynamic memory cells, each cell comprising an access

transistor coupled to a storage capacitor, the transistor of each memory cell being formed
within a second region of said semiconductor substrate, each access transistor having a
control electrode, a data line contact region, a storage node region, and a channel region;

a plurality of signal storage capacitors formed in a plurality of trenches in said
substrate, each capacitor including a signal storage node region and a reference voltage
node region separated by a dielectric insulator, the reference voltage node region being
formed on said first region of said substrate and the signal storage node region of each
capacitor being connected to a corresponding storage node region of one of said access
transistors;

means for physically and electrically isolating all of the channel regions of said
access transistors within said one array from said first region of said substrate, said
isolating means comprising a third region of opposite conductivity type to said first
region, said third region formed laterally between said first and second regions, said
third region intersecting and extending below the bottom of all of said trenches; said
third region comprising said reference voltage node region having a substantially
constant impurity doping concentration throughout its depth and said third region
comprising an isolation region extending substantially around said array and extending
between said reference voltage node region and a surface of said semiconductor
substrate; and |

means for biasing said first, second and third regions of said substrate to first,
second and third different reference voltages.
2. The dynamic random access memory device of claim 1 wherein the reference
voltage node region of said third region has an impurity doping level which exceeds that
of the first region of said substrate.
3. The dynamic random access memory device of claim 2 wherein the impurity type
of said first region is P-type.
4, The dynamic random access memory device of claim 3 wherein the dopant
impurity of said first region is boron and the dopant impurity in the reference voltage
node region is arsenic. |
5. The dynamic random access memory device of claim 4 wherein the access
transistors are N-channel FET devices. .
6. A dynamic random access memory device comprising:

he
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within the bur1 plate diffused region;
each of a second plurality of said deep trenches being contacting with a surface
diffused isolation region enclosing the perimeter of the first plurality of said deep
trenches and contacting the buried plate diffused region so that the substrate region
within the matrix is electrically and physically isolated from the remainder of the
substrate.
7. The dynamic random access memory device of claim 6 wherein the buried plate
diffused region has a dopant impurity profile which is substantially constant throughout
the depth of said buried plate diffused region.
8. The dynamic random access memory device of claim 7 wherein the impurity
conductivity type of the substrate is P-type and the impurity conductivity type of the
buried plate diffused region and the surface diffused isolation region is N-type.
9. The dynamic random access memory device of claim 8 wherein the impurity in the
buried plate diffused region is arsenic.
10. The method of making a dynamic random access memory device comprising the
steps of:
providing a semiconductor substrate of a first conductivity type;
forming a plurality of deep trenches in a matrix pattern on a top surface of said
substrate;
diffusing a second conductivity type impurity from the lower portion of the depth
of said deep trenches into said substrate to form a continuous buried diffused region of a
second conductivity type across the entire extent of the matrix pattern;
) forming a dielectric layer on the inside of said deep trenches and filling said
trenches with a conductive electrode material; ' _
forming around the perimeter of said matrix pattern a diffused surface region of
said second conductivity type having a depth so as to physically and electrically isolate a
portion of the substrate within the matrix pattern above said continuous buried diffused
region; and '
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semiconductor devices for coupling signals to and from said conductive electrode
material within at least some of said deep trenches.

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

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

13. The method of claim 11 wherein the diffusion barrier collar is removed prior to the
forming of a dielectric layer inside of said deep trenches.

14. The method of making a dynamic random access memory device of claim 12,
wherein the step of forming a plurality of deep trenches includes the steps of forming a
plurality of shallow trenches in said substrate, forming a sidewall protecting layer on the
sidewalls of said shallow trenches, extending the depth of said shallow trenches to form
said deep trenches, placmg a source of impurity dopant material at least on the lower
portion of the sidewalls of the extended deep trenches.

15. The method of making a dynamic random access memory device of claim 14
wherein the source of dopant material used to form the continuous buried diffused region
is arsenic.

16. The method of making a dynamic random access memory device of claim 14
wherein the source of dopant material used to form the continuous buried diffused region
is an arsenic containing glass layer. '
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DIFFUSED BURIED PLATE TRENCH DRAM CELL ARRAY

ABSTRACT

A high density substrate plate DRAM cell memory device and process are described in which
a buried plate region (32) is formed adjacent to deep trench (22) capacitors such that the
substrate region of DRAM transfer FETs can be electrically isolated from other FETs on a
semiconductor substrate (10). The buried region (32) is partially formed by Ilateral
outdiffusion from the sidewalls of the deep trenches (22) and partially formed by a N-well
surface diffusion (34) which entirely surrounds the DRAM array region.

Fig. 1



