DESCRIPTION

DOUBLE GRID AND DOUBLE WELL SUBSTRATE PLATE TRENCH DRAM
CELL ARRAY

This invention relates to semiconductor memorv devices
and particularly ‘to high density dynamic random access
memory cells and methods for their manufacture in

sub-microen technologies.

Designers of technologies for producing semicenductor

devices have been continualiy pressured to increase
effective device densities in order to remain cost and
performance competitive. As & result, VLSI andé ULSI
technologies have entered the sub-micron realm of
structural dimensions and now are designing
technologies in the deep submicron 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 Memary
(DRAM) designers have met the severest of challenges in
advancing technologies by pushing the limits cf feature
size resolution with each generation of DRAM. "For
exaﬁple, designers of 64K bit DRAMs were perplexed to
learn that a practical physical limit to charge
capacity of storage capacitors in planar cell layouts
had already been reached due to the minimum charge
capacity required to zllow reliable data signzl 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 avout 50 fF were consicdered to ke a
physiczl limit. From a practiczl view, this limitation
prevented a continuation of the sciling of DRiY
dimensions and voltages initiated i; the early 1980s.
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Reduction in the surface area of semiconductor
substrate utilized by the DRAM storage capacitor has
been severely restricted. Due to deceases 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 memorvy
cell has been zltered 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. 1In vet denser designs, cther
forms of three-dimensional capacitors have Leen
proposed, such as stacking the plates of the capacitcr
above the transfer device. Such designs, however,
vresent difficulties in forming the interconnections to
the required word access and data bit lines to the DRAM
memory cell. Additional cesigns have been proposeé in
which the transfer device and its associated capacitor
are both formed within & trench of preferably minimum
feature size. Currently, insurmountable processing
difficulties make such cdesigns impractical for prcduct

manufacturing processes.

A large number of proposals for 16Mb and greater
Censity DRAM cell designs have avoided continuing
development of trench cell technology kecazuse of the
existence of charge leakage mechanisms known to be
vresent in trench capacitor structures. As these
lezkage mechenisms have become known, extensions of
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trench DRAM cells designs have been used successiully

in. 16Mb Gesigns.
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The following references describe various aspects of
prior art technigques used in DRAM and other

semiconductor technologies.

The article “Trench and Compact Structures for DRAMs"
by P. Chatterjee et al., International Electron Devices
Meeting 1986, Technical Digest paper 6.1, pp. 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 sforage node of eacﬁ cell is formed in
& deep trench in the substrate. U.S. Patent 4,801,988
issued January 31, 1589 to Kenney describes an improved
SPT cell which includes a thick isolation region formed
within the trench to enable higher density packing of
DRAM cells. The article “"CMOS Semiconductor Memory
Structural Mcdification to Allow Increzsed Memory
Charge" anonvmous, IBM Technical Disclosure Bulletin,
vol. 31, No. 11, April 1989, pp.162-5, teaches &
method of isclating the substrate plate of an SPT cell
from support devices by providing a burieé region uncer

m

support devices in order to zllow the plate reference
voltage to e separestely biased at an cptimum VA&E/2
volts.

s

U.S. Patent 4,912,054 issued March 27, 1990 to
Tomassettl describes methods of isolating bipolar-CMOS
circuit.devices through the use of various epitaxizl
iazvers as commonly found in bipolar device technologies.
The article "A 45-ns 16-Mbit DREAM with Triple-well

Structure” by S. Fujii et &l., IEEE Journzl of
Solicé~State Circuits, Vol. 24, No. 35, Cctober




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 & buried doped layer in
substrate by forming a shallow trench, protecting its
sidewalls,ufurther extending the trench and finally
doping the walls of the extended trench to form a
continuous doped .region useful és the storage node of

LU

I

trench DRAM.

The article "New Well Structure for Deep Sub-micron
CMOS/BiCMOS Using Thin Epitaxy over Buriedé Layer ané
Trench Isolation" by Y. Okazaki et ai.,.1990 Sympesivm
cn VLSI Technology, Dicest of Technical ?aperé, T&cers
6C-4, pp. 83-4, describes the use of buried epitaxizl
layérs to isolate surface devices from the substrate.

The following references relate specificzally to
variaztions in SPT DRAM cells in which a buried recgicn
of'opposite conductivity tvpe from the substrate is
used & one plate of the DRAM storage capacitor. U.S.
Patent 4,918,502 issued April 17, 1590 to KRaga et &zl

Cescribes a buried plate trench DRAM cell in which the _
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storage node of the cell and z shezth plate are
in & single trench. At the bottcm of the trench a
ciffusion of opposite type from the substrate is formed
such that the diffusions of adjzcent cells interconnsct
forming a grid-like structure. One or more trenches
not asscciated with &z DRAM cell is Iormed to act as &

razch through to enatble the doped region to oe bizsed
1
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+ & suitable reference voltsge. Figur
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region. European published application 0 283 964,
published September 28, 1988 describes a buried plate
SPT DRAM cell in which an out~diffused region from the
" DRAM trenches, similar to that in Kaga et al., in which
the diffused region forms the plate of the SPT cell.

As in Kaga et al. a grid-like region is formed and is

contacted by & 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 importance
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 suriace céevices from the
substrate a separate connection can be made to the
"jsolated" surface region in order to bias it to the
same potential as the substrate. UK Patent Applica-
tion GB 2 215 S13 A, published September 27, 1989
describes yet aznother variation in the buried SPT
DRAM cell desicn 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 formeé from a
o

rt
Fh
n

buried sub-~collector structure normally per

bipclar transistor.
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continuing to reduce the size, and increase the
density, of DRAM cells, none provide the capability to
cafry 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. DRAM designers
have turned to the process-complicating use of “stacked
capacitor™ DRAM cells knowing that the addition of
processing steps decreases the manufacturability of a

specific desiagn.

Referring to FIG. 1, there is shown & schematic
cross-sectional view of the basic Substrate Plate
Trench (SPT) DRAM cell described in U.S. Patent
4,688,063 to Lu et al. entitled “"Dynamic RAM Cell
with MOS Trench Capacitor in CMOS". A P+ type

- semiconductor substrate 10 is provided with &

lightly doped epitaxial surface layer 1l in which is
provided N-type retrograde implanted well 12 formed
at its upper surface in which the transfer cdevice 14
is formed. A control gate electrode 1€ is respon-
sive to signals from word line circuitry to couple’
data signals applied to the bit or datz line diffused
region 18 to the diffused storage node région 20, 2
deep. trench 22 is provided in which a storage
capacitor is formed. A polysilicon storage node
olate 24 is formed in the trench and isolated f}cm
the substrate 10 ky a thin storzge nccée dielectric,
not shown. A conductive strap 2€ connects the

diffused ncdée 20 to the pizte 24.

Manufacturing experience has shown that the SPT DRAM
cell descriked is not suitadble for extension to greater
then 16 Mbit zpplications due in part to the

serfcrmance limitations of P-array transier devices
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and the existence of a parasitic device formed by

the diffused storage node 20, the polysilicon plate
24 and the substrate 10. Simple conversion to

N~type transfer devices is not practical and reduc-
tion of electrical stress on the'capacitor dielectric
by using Vdd/2 reference node biasing is not possible.
The subject invention addresses the unsolved problems
of the prior art by providing a solution to barriers
presented in extending the manufacturability of the
simple SPT cell to 64 Mb DRAM and beyond.

An object of the invention is to provide a SPT cell in
which the density limitations of the prior .art-are

removed.

Another object of the invention is to provide a
Substrate Plate Trench DRAM design wnhich dces not
increase process complexity at the expense of preduct

yield.

Yet another object of the invention is to provide an
SPT DRAM cell which has a minimum impact on existing

processing technologies.

The present 1nventlon relates toc methods for providing
2 cell design in which zll of the historically limi
parameters of DRAM cells are dealt with in z unifving
mannef to provide & near optimum design in which charge

lezkage factors are minimized anéd device bias

m

conditions are optimized. The invention includes
substrate plate trench DRaM cell array in which &
buried region is used tc electrically ané rhysiczily
isolate regions in a semiconductor substrats such that
the cell transfer devices can be orerated independenti

from other suppvort devices formed in the substrets.

Sheet Has Been R laced
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Sub-half micron feature sizes are used cooperatively
with previously known techniques to provide a simple
buried isolation layer.

The invention also includes a substrate plate trench
DRAM cell array in which a double well structure 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. The invention utilizes a double well
structure which isolates the N-array cdevices within
a2 separate P-well inside of an N-well without
addition of masks over those used to fabricate a

conventional SPT DRAM cell.

These ané other objects and feztures of the inventicn
will become more fully apparent from the several
drawings and description of the preferred embodiments.

Ways of carrying out the invention are descriked in
detail below with reference to érawings showing only

specific embodiments in which:

o

G, 1 is z simplified schematic sectional view of

trf
-

substrate plate trench (SPT) DRAM cell of the
vrior art illustrating the Lbasic electrical

connections of the cell.

FIG. 2 is & simplified schematic sectionzl view of
the double crid substrzte plates trench {S2T)

h&ﬁ}hsB&mRmi
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FIGs. 3-10 are schematic sectional views of the array
of the double grid substrate plate trench (SPT)
DRAM cell illustrating the array at various
steps in a preferred manufacturing process.

FIG. 11 1is a simplified schematic sectional view of
' the double well substrate plate trench {SPT)
DRAM cell of the invention illustrating the -
basic electrical connections of the cell.

FIGs. 12-19 are schematic sectional views of the array
of the double well substrate plate trench (SPT)
DRX¥M cell illustrating the array at various
steps in a preferred manufacturing prccess.

Referring to FiGs. 2 and 11, there are shown the kasic
elements of the double well Substrate Plate Trench DRAM
cell of the invention. The cell is an improvement of
the prior art SPT DR2M 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 incorzcrated
herein by reference. The cell includes the follcwing
major features. A substrate 10 of P+ type semi~
conductor matgrial has an upper epitaxizl layer of P~
1, as in the prior art. Referring tec Fig.
colar sub~-collector fabrication technclocy,
a first evitaxial layer 11 can be forméd, follcowed by
the loczlizeé formation of azn N-tyre buried layver 32
and an additional P-tvpe epitazxizl layer i3
diffused reach through recgions 34 connect to the
perimeter of the buried layer 12 such that the sub-
strate region 12 in which the DRAM cells zre formed
beccmes both paysically and electrically isolated frem

the semiconductor substrate 10. Referring now Lo

[\ 8]

ané 11, & P-type isolated regiocn 12 or well 1iZ is
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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:regién'formed in region
12 or well 12. 3In a manner similar to the prior art, a
storage capacitor is formed in a deep trench 22
adjacent to the storage node 20 and includes a signal
storage node formed by conductive N-type polysilicon
electrode 24 isolated from substrate 10 by a thin
dielectric layer. Diffused surface storage node 20 and-
signal storage node 24 in the trench 22 are connected
by a conductive strap 26. At the top of .the storage
trench a thick insulating collar 28 is provided tc
increase the threshold voltage of the vertical
parasitic FET formed by the diffused storage node 20
and the substrate within the P-region 12. In order to
eliminate the trench gated~induced diode leakage
lmechanism, in FIG. 2 of the double grid SPT DRAM cell
the collar 28 must extend down the sidewall of trench
22 to a point kelow the lowermost ph junciion of
N-region 32. 1In FIG. 11 of the double well SPT Dram
cell- the collar 28 must extend beloﬁ the N-well 32.
Local surface isolation 30 is also provided, s is well

Xncwn in the prior art.

It will be recognized that the cell features of Fig. i
just described, with the exception of the subsirate
type, &re similar to the N-channel variant of the rric

rt SPT DREM cell. However, & second well or buried

fu

egion 32 of N-type impurity type is addi-tionally

H &~ 3
nd electriczl isclazicrn

H

rovided to provide prhysical
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S
o enable the independent bizsing oi
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voitage node for the trench capacitor. Unlike prior
art substrate plate trench DRAM cells, the buried
region 32 of the invention forms an electrical and
physical isolation means between the surface well 12 in
which the transfer devices are formea and Ehe
semiconductor substrate 10 in which one or more DRAM
cell arrays and support circuits are formed. Thus,
buried region 32 and its two p-n junctions provide a
means to independently bias, by way of Vsub, not only
the plate reference voltage of the cells, but also the
local substrates of both N- and P-channel devices used
in support devices andé the transfer devices 14 of ;he

DRAM cells. It will be recognized that the buried layert

voltage can be biased by Vbn to provide optimum
isolation between the buried reference electrode and
the P~well in which the active devices are to be

formed.

It is an important aspect of the invention to provide
arrays of cells as described in connection with FIGs. 2
and 11 in & simple easy to manufacture precessing
secuence. Because the basic SPT cell is effectively
placed inside & P-well which is contained in an N-well,
the additional processing steps nedessary to fabricate
he invention are minimized. To prevent gatedé-dicde

[
[
leazkage due to the trench cuttlnc through the wells in

the doukle well SPT DR2M cell of Fig. 11, & dielectric
collar 28 is placed azrcund the top of the deep
trenches. Typically, the P-well 12 can be biased =zt
atout -1 volt, the P+ substrate 10 at z level
cround and vdd ané the N-well 32 at &
than or equal to the substrate poteqtial Vsub.

The follcwing k=v points describe Xey relationshirs
z2ilable to the double grid SpT

nl

n
o
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the invention due to the ability to independently bias
the several pn junction-isolated regions:

1.

=
.

By biasing regions 32/34 positively with respect
to region 12, the substrate region of the transfer
device 14, vertical sidewall trench parasitic FET

" subthreshold leakage and other leakage mechanisms

along the trench sidewall will be collected on the
electrode Vbn of N-type regions 32/34, instead of
the storage node, region 20, of the transfer
device improving retention time over the PRICR ART

cell (FIG.1); -

By biasing regions 32/34 positively with respect
to region 12, minority carrier generztion in '
region 12 and injection from data line diffused
region 18 will be cecllected on the electrcde Vbn
of N-type regions 32/34, instead of region 20,
improving retention time over the PRIOR ART
(FIG.1);

By biasing regions 32/34 prositively with respect
to semiconductor substrate region 10, in the case
where deep collar structure region Z8 is above or
below N+ region 34 lower edge, leakzce current
along the trench dielectric sidewall cof trench
capacitor structure reéion 22 (generated in regicn
10) ané carrier generation in the Tul !
.
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By isolztion of region from semiceondéucto
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substrate region 10 usin vre ragions 32/3¢,
r

independent tias conditions &
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back-bias conditions for the n-channel MOSFET
devices in region 12 and in peripheral surface
P-type region 13 improving design point
flexibility not possible in PRIOR ART (FIG. 1).

If one chooses to fabricate N-~channel support FETs
directly in the surface of the epitaxial layer 13, then
a Vsub of 0 volts is advantageous. aAdditional
advantages over the prior SPT cells which might not ke
readily apparent include the use of N-channel transfer
devices providing faster I/0 operaztions of the DRAM
cell, providing isolation of all of the arrav transfer .
devices by the double pn junctions between regions 12
and 32 and 32 and 11 and enabling the substrate to te
biased to reduce the stress across the storage ncde

dielectric.

Reference is now made to FIGs. 3-10 and 12-19 which.
describe the preferred process sequence used to
fabricate the double grid substrate plate trench DRM
cell array, ané the double well substrate plate trench

DRAM cell array.

Referring to FIG. 3, starting with
type semiconductor wafer 10, & lich
epitaxial layer 1l having & thickness of about 0.25 pun

ct
| St

v doped b-

is provided. Next, heavily doped N-tvoe regions 32,

preferably using arsenic as the dopant impurity, are

n
‘J
[o]
[n
m
i
[(]
'J
'.l .
&r
fu
'J

formed by z simultaneous out-diffusi

growth step to form lightly dored lazver 13 having =

thickness of about 2.5 pm. On the upper surface

& thickness of zbout 175nm is formed on substrate 19 ¢
£ as an etch/polish stop to be used in subseguent

BU 991 026/037
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Referring to FIG. 12, starting with a heavily doped P+
type semiconductor wafer 10, having a lightly doped p-
epitaxial layer 11 on its upper surface, an
oxide/nitride layer 50 having a thick-ness of about
175nm is formed on substrate 10 to act as an
etch/polish stop to be used in subsequent steps.

Referring now to FIGs. 3 and 12, a relatively thick,
about 500nm, layer 52 of oxide is deposited by a
conventional CVD TEOS téchnique to act as an etch mask
for trenches 22. A photolithographic mask is formed
using a high resolution photoresist and is used to
define the pattern of trenches 22 which are to be.
etched in substrzte 10. The mask pattern is
transferred to the thick oxide layer 52 and the
oxide/nitride layver 50 by a dry plasma etching process
using oxygen and carbon tetrafluoricde (CF4) as the
active agents. After stripping the photoresist,
trenches 22' are etched to a depth of about 5.0 um
using a anisotropic RIE process to provide the
structure shown in FIG. 3. It shoulé be noted that the
bottom of the etched trenches zre not shcewn as a matter
of convenience in describing the inventicn.
Next, as shown iﬁ FIGs. & ané 13, the trench caracitcr
structure is formed by thermally oxidizing the ncw
zxposed silicon sidewalls and bottcocm of the trenches to
& thickness of zpout 4nm. ‘Then, abouc 7am cof silicon
nitride is conformally deposited. The nitride layer is
then oxidized Yo form zbout 1.5nm silicon cdioxide to
omplete the ONO cell ncde dielectric. The trenches
are then filled bv confcrmally depcsiti
doped to at least 10 atoms/cm2 {
r)
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about 1006 °C. in nitrogen heals any inadvertent seams
formed in the polysilicon in the deep trenches 22. A
pblysilicon RIE process selective to silicon dioxide
and silicon nitride then removes all of the polysilicon
on the planar areas of the substrate and etches into
the polysilicon at the tops of the trenches to a level
of about 1.5 um-below the surface of the substrate
leéving 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 a laver of about 90nm of CVD 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 ;ecessed
trenches in a manner similar to that in U.S. Patent
4,801,988. The resulting structure is shown in FIGs.

4 and 13.

Referring now to FIGs. S ané 14, the trenches are again
filled with arsenic doped polysilicon to a surface
thickness of zbout 600nm and znnealed, as sbhove. Then
all of the thus deposited polysilicon formed on the
back side of the substrzte is removed preferabdly bv a
planarizing process such &s chemical-mechanical
polishing in order to reduce any uncesirable stress
caﬂsed bv this non~functional layer. The freont, or
trench containing éide, of the substrate is then
Dlanarizsd tc remove the last fercsitad 60
n

polysilicon from all planar surfaces. 1In corder
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achieve surerior plana

rity,
chemical-~mechanical polishing technique. Such
e i1 i

echnigques are described in greater detail in U.sS.

ot

d

t
atent 4,994,836 to Bever et zl. and U.
,789,648 to Chow et al. Next, i
op of the trsnches is recesseé zrcut 50nm to 100nm
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- below the substrate surface in order to prevent

éubsequently applied polysilicon word lines from
shorting to the signal storage node of the trench
capacitors. The resulting structure is shown in FIGs.

5 and 14.

Next the local isolation in the form of shallow trench
isolation (STI) is formed, shown in FIGs. 6 and 15. 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 ehout
350nm. A LPCVD TEOS oxide layer 56 of about 630nm is
then conformally deposited over the entire substrate as

shown in FIGs. 6 énd 15.

w
o
}
n

Next, as shown in FIGs. 7 &and 16, STI oxide laver
planarized, preferably by a combination of RIE
etch-btack and chemical-mechanical polishing as
described in application 07/427,153 filed Octocker 25,
1989 entitled "Forming Wide Dielectric Filled Trenches
in Semiconductors" by Kerbaugh et al. Next, anvy )
reméining oxide/nitride laver 50 is removed kv hot
phosphoric acid and buffered EF. At this roint, =&
sacrificial oxide may ke grcwn on the exzosed
surfaces, as these will become the active device =z
for N- and P-channel devices of the CMOS process inte
which the arrzy of the invention is integrated.

-
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wnich covers all of the substrate except where N-wells
are desired. It will be ‘recognized that additionzl
processing steps may be used to form the reach through
region 34 as a separate operation, if desired.

Referring to Fig. 16, next, N-wells for P-channel
devices and for providihg the buried N-type well 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 td a plurality of ion implantztien
steps to form retrograde N-wells 34 and 32, Phosrheorus
ions are implanted at about 900 KEV with z dose of
about 5-1015 atoms/cm2 {5E13 atoms per square centi-
meter) to form the higher concentration deepest rortien
of the well, at about 500 KEV with & dose of abou:
2,3-1012 atoms/cm2 {2.3E13 atoms per square centimeter)
to form the bulk of the well, and at about 150 KEV with
2 dose of about 1,9'1012 atoms/cm2 (1.9E12 aztoms rer
square centimeter) to control punch through. If
desireé an additicnazl N-well mask can be used at
point to selectively implant arsenic azt about 80 :
with a2 dose of about 1,3-1012 atoms/cm2 (1.3E12 &
rer square centimeter) to control the threshold vo
of the P-channel FETs formed in selective N-wells.
Acéditionel .implant mesks and implants may a2lso ke ussd

r
rl 'ty
m
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tom

l—‘ n
n
o

to further taziler specific device threshold vol

Follewing the formation cf the N-wells, & convenilional
P-well mask is formed in 2 similar manner in oréer tc
mask the substrate against boron ions used to form the
P-wells 58, zlso shown in FIGs. and 16. To form the
o-wells, borcn ions are impl { :

2 a
. - 12 .
éose cf zbout 8-10 etcms/cm® (&El
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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 sguare centimeter)
to control the threshold voltage of the N-channel FETs
used in the array and support circuitry of the DRAM.
Thus, the structures in FIGs. 7 and 16 result. It will
be clear from the above description, that the N-well
regions 32 make physical contact with the substrate

-epitaxial)l layer 11 and the P-wells 58 in or@er to

physically and electrically isolate the P-region 58 and
11, including P+ substrate 10. Unlike the prior‘art,
there is no need to ensure that the substrate regions
of the transfer devices can be electrically coupled tc

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 FIGs. 8 and 17. After stripping
the sacrificizl oxide referred to above, a gate
insulator layer 60 is formed by growing about 10nm of
silicon dioxide cn the exposed silicon surfaces of the
substrate. 2 polysilicon laver 62 of about 200nm is
deposited and deped by ion implanting vhosphorus at
about 25 KEV with & dosa. of about 6-1015 atoms/cmz'
(BE15 atcms per scuare centimeter). This is follcwed
bv deposition ¢ about 100nm of titznium silicides layver
64 by sputtering to reduce the resistivity of the
wordlines. The gate stack is completed bty derosiitinc =z

nitride cf about 80nm

in FIGs. 8 ané 1i7.
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As shown in FIGs. O and 18, the multilayered gate
stack is'selectively etched to define the first level
of interconnect and the gate electrodes for the CMOS
FET devices to be formed on the planarized substrate.
The expoéed polysilicon is oxidized slightly at about
1050 °C. Next, a blocking magk 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

£ormed by implanting phosphorus at about 30 KEV with a

dose of about -1014 atoms/cm2 (1E14 atoms per square
centimeter). Aiter removal of the blocking mask, &
sidewall spacer 72 is formed by depositing about 45nm
of CVD silicon nitride followed by an anisotropic RIE
of nitride present on planar surfaces. Next, the doped
regions are silicided in a conventional manner by
evaporating about 20nm of cobalt, annealing at akcut
750 °C. and removing unreacted cobalt in dilute nitric

acid.

The devices and DR2M structure are completed with the
following steps illustrated with reference to FIGs. 10
and 19. A silicon nitride sidewall 74 is formed by

Gepositing a laver of siliccn nitride of akcut 15nm
followed by an anisotropic RIE step. The N+-type

lecing & blocking mask to protect PFET regions, foyd
implanting arseu1c at about 50 KEV with & dose of zkocuc
1

éi ffu51ons 76 for NFET devices are formed, aiter
P

=t
w

atoms/Cﬂ {S5EL CHS rer sguare centimetsx

5 &t
owed by a érive-in ster in nitrogen at &bout

o

ons for PFET devices ars

a
formed, after placing a blccking mask tc protect NFET

recions, by implanting borcn at ebout 10 <"V th &
Zose of zbout 5-1015 =1:oms/cm2 (SE15 atoms per sguare
centimeter). A po1vsiliccn surfzce strap 26 is formed
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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
interconnect levels, as required by the ccmplexity o
the circuits to be interconnected.

While the invention has been described in terms oZ
preferred embodiments, those skilled in the art will
recognize that many of the steps described above can e
altered and that dopant species and types as well &s
other material substitutions can be freely made without
ceperting from the spirit and scope of the inventicn.
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CLAIMS
A dynamic random access memory device comprising:

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

at least one array of dynamié memory cells (14),
each cell (14) comprising an access transistor
coupled to a storage capacitor, the transistors of
each memory cell (14) being formed within a second
region of said semiconductor subsérate (10), each
access transistor having a control electrode (16),
a data line contact [18), a storage ncde (20), and

a channel region;

a plurality of signal storage capacitors (24)
formed in a plurality of trenches (22) formed in
said substrate (10), each capacitor (24) including
& signal storage node (24) and a reference voltage
node separated by a dielectric insulater, the
reference node being connected to said substrate
(10) and the storage ncde of each capacitor teing
connecte ed to & corresponéing storage ncde (20) cf
one of sazié access transistors;

means (34) for physiczlly ané electrically
isolating 21l of the channel regicns cf said
access transistors within said one axray from szid
first region (12) of saié substrate (10), said
mezns comprising z third region (34) of opposits
conductivity tyre to saié first regicn (12)
thiré region (34) formed between said first and

[
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means for biasing said first (12), second and
third (34) regions of said substrate (10} to
first, second and third different reference

- 22 -~

voltages.

The dynamic random access memory device of claim 1
wherein the signal storage capacitor includes_an
insulating layer (28) at the top of each of said
trenches (22) having a thickness greater than the
thickness at the bottom of said trenches (22).

The dynamic random access memory cell of claim 2
wherein the thicker portion of the insulating

at least the level of the bottom of szid th
region (34) or to at least the level of top
said third region (34). '

layer (28) in said trenches {(22) extends down to
ir
o]

The dynamic random access memory device of claim 1
wherein said thiré region comprises a doped well
formed in said substrate (10) wherein the dored
well extends beyond and below said seconé region
and having & depth within szid substrzte (10) less
than that of said trenches (22);

h

ny G

)

The dynamic random access memory device of

-_—m
<

I,

the claims 1 to 4 wherein the thiré ragicn (3

n impurity doping level which varies with

3
cdepth frcm the surfzce of the substrate (10).

The dynamic rzncom azccess memcry device of anm

b
0
t

LR T

s 1 to 5 wherein the impurity tyTe cC
n

(12) is P-tyvroe.
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The dynamic random access memory device of any of

the claims 1 to 6 wherein the dopant impurity of

said first region (12) is boron and the dopant N
impurity in the third region (34) is N-type.

The dynamic random access memory device of any of
the claims 1 to 7 wherein the access transistors

are N-channel FET devices.

'A dynamic random access memory cdevice comprising:

a plurality of deep trenches (22} arrangedéd on the
surface of a2 semiconductor substrate (10);

each of a first plurality of trenches {22) keing
associated with a substrate plate trench DRAM cell
including a transfer device (14), a data ncde

{18) and a storage node {20) connected to a
capacitor plate formed within a deep trench (22)
and coupled to a region of the substrate (10);

) A R
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10. The dynamic random access memory device of claim 9
wherein the impurity conductivity type of the
substrate (10) is P-type and the impurity
conductivity type of the buried region (32) and
the surface diffused region is N-type.

11. The dynamic random access memory device of claim
9 or 10 wherein the impurity in the buried
diffused region (32) is arsenic.

2 method of making- & dynamic razndom access memory

foy
[\N]
.

device comprising the steps of:

rroviding a semiconductor substrate (10) of &

first conductivity tyre;
forming an array of deep trenches (22) in &z
pattern in the top surface ¢ said

forming 2 dielectric laver on the inside of szic
deep trenches (22) apé filling sazié trenches (22)
with & conductive electrode materia

[N

rortion of the substrate (10) withi
tern akove said diffiused region; ané .

-
-

forming within the isclated rortion of the matri:

vattern & plurslity cf semiconductor devices fo-

coupling signals

electrode materizl w
).

renches {22

s
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The method of making a dynamic random access
memory device of claim 12 further comprising the
step of forming a buried region (32} over at least
a portion of the area of said substrate (10) and
the step of ion implanting and diffusing around
the perimeter of said array of trenches (22) a
diffused region of said second conductivity type
having a depth is made so as to physically and
electrically isolate a -portion of the substrate
{10) within the matrix pzttern above sazid buried

region.

The method of making a dynamic randcm access
memory device of claim 12 or 13 wherein the step
of forming a dielectric laver {28) 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).

The method of making a dynamic randeom access
memory device of claim 13 or 14 wherein the source
3 FF

of -dopant materizl used to form the ¢iffused or

buried regicn (32) is N-tvype.
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