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filed on November 28, 1980, describes a vertical cell having the storage
capacitor in a well or trench. This invention relates to integrated
semicon-     Patent Cooperation Treaty (PCT) Publication ductor memory
circuits and more particularly to a  No. WO 81/03241, dated November 12,
1981, dis- memory with a very high density of cells, each of   5   closes a
one device memory cell structure wherein which employs means for storing a
binary digit of  the storage capacitor is disposed in a trench with
information in a trench or groove.                the switching device and
bit/sense line located at Integrated semiconductor memory circuits, par-
the surface of the substrate. ticularly those employing cells which include
es-     Furthermore, commonly assigned U. S. Patent sentially a storage
capacitor and a switch have   10  No. 4,462,040, filed on March 30, 1980,
by 1. T. Ho achieved high memory cell densities. One of the   and J.
Riseman, discloses a one device dynamic simplest circuits for providing a
small dynamic   random access memory utilizing a trench having memory cell
is described in commonly assigned U.  vertical sidewalls with the storage
capacitor and the S. Patent No. 3,387,286, filed July 14, 1967, by R.
transfer device located within the trench, and U. S. H. Dennard. Each cell
employs a storage capacitor  15  Patents No. 4,271,418, filed on October
29, 1979, and a field effect transistor acting as a switch to  and
4,225,945, filed on June 6, 1977, and com- selectively connect the
capacitor to a bit/sense line.  monly assigned U. S. Patent Application
having In also commonly assigned U. S. Patents Nos.   Serial No. 793,401,
filed on October 31, 1985, by 3,811,076 by W. M. Smith, and 3,841,926 by R.
R.  D. M. Kenney, teach a one device memory cell Gamache and W. M. Smith,
both filed on January  20  formed in a goove or trench with the storage
node 2, 1973, there is disclosed a one device field effect  located at the
bottom of the trench, the bit/sense transistor memory cell of the type
described in the  line at the top of this structure and the transfer
hereinabove identified Dennard patent which uti-  device on the sidewall of
the trench. lizes a layer of doped polysilicon and an N +        Such a
memory is described in EP-A-0 135 diffusion region in a P type conductivity
semicon-  25  942. This semiconductor memory uses the side ductor substrate
separated by a dielectric medium  wall part of a recess dug in a Si
substrate as the disposed on the surface of the semiconductor sub-  major
part of the electrode surface of a capacitor, strate for forming the
storage capacitor of the well.  whereby the electrode area is enlarged
without The polysilicon layer extends beyond the storage  enlarging a plane
area. Thus, a capacitor having a capacitor to act as a field shield between
adjacent  30  large capacitance can be attained without increas- cells by
applying a negative bias or fixed negative  ing the breakdown of an
insulator film ascribable to potential to the polysilicon layer. The N+
diffusion  the thinning of the insulator film. In addition, a region of the
storage capacitor is formed by using  vertical switching transistor is
formed on the Si a doped segment of an insulating layer disposed
substrate, whereby the Si substrate can be entirely on the surface of the
semiconductor substrate and   35  utilized for the formation of the
capacitor. outdiffusing the dopant into the substrate.           DE-A-3 525
418 discloses a further such mem- Although the cells described hereinabove
do    ory device on a semiconductor substrate having a provide memories
having a high density of cells in  trench containing a storage capacitor at
the bottom a planar or two dimensional arrangement, yet each  of the trench
and a transfer transistor on the cell does require a significant given area
of semi-  40  sidewalls of the trench. The control gate of the conductor
substrate surface. To reduce the size of  transistor forms part of a word
line which extends the given surface area for each cell, structures  along
the trench above the capacitor. A bit/sense have been made wherein a
semiconductor device     line is arranged on the surface of the substrate
or a cell is formed in a three dimensional arrange-  orthogonal to the word
line. ment. In commonly  assigned  U. S. Patent  45        European patent
application EP-A-0 198 590 4,295,924, filed on December 17, 1979 by R. R.
discloses a further similar semiconductor memory Garnache and D. M. Kenney,
there is disclosed a   device. This document falls under Article 54(3)
semiconductor device located within a groove or   EPC and is therefore not
relevant to the question of trench with a self-aligned conductive layer
formed  inventive step. on a wall of the trench either directly or on a
so  U. S. Patent 4,222,062, filed on May 4, 1976, supporting insulating
layer as an element of the  discloses a memory cell structure wherein a
device. A memory cell formed in a groove or       switching device is
formed near the bottom of a trench is described in commonly assigned U. S.
trench with the bit line and storage capacitor lo- Patent No. 4,335,450,
filed on January 30, 1980, by  cated at a wall of the trench. D. R. Thomas,
wherein there is disclosed a cell  55  Commonly assigned U. S. Patent
Application having a transistor disposed on a sidewall of a   having Serial
No. 858,787, filed on May 2, 1986, by groove or trench with the storage
node disposed   B. F. Fitzgerald, K. Y. Nguyen and S. V. Nguyen, below the
transistor. Also U. S. Patent 4,327,476,  describes a dynamic memory cell
wherein the 2    



3                 EP 0 254 046 B1                    4 switching device is
located at the bottom of the      being of the type illustrated in Figs. 2
and 3, trench, with the storage capacitor and the bit/sense  Figs. 5 and 6
line being formed along opposite sidewalls of the     are sectional views
of the array illustrated in Fig. trench.
4 taken through lines 5-5 and 6-6, respectively, None of the hereinabove
cited prior art dis-   5  and closes a memory cell having a semiconductor
sub-      Figs. 7, 8, 9 and 10 strate surface area of less than four
lithographic    are sectional views of the cell illustrated In Figs.
squares.                                              2 and 3 taken during
successive steps of the It is an object of this invention to provide a
process of making the cells. semiconductor memory or a memory array or a
10       Referring to the drawings in more detail, there dynamic memory
with a cell or storage means        is shown in Fig. 1 a basic circuit
diagram of a well which occupies, along with necessary isolation     known
one device dynamic memory cell 10 which means, only two lithographic
squares of the surface  includes a field effect transistor 12 having a gate
of a semiconductor substrate, wherein one lithog-  14, a storage capacitor
16 having a conductive raphic square is defined by the intersection of two
15  plate 18 and a storage node 20, and a bit/sense lithographic lines,
each line being of any given   line 22. As is known, to store a binary
digit in the width, e. g., less than a micron, as used in forming  storage
capacitor 18, a high or low voltage is elements of devices in integrated
semiconductor    applied to the bit/sense line 22 and the transistor
circuits.                                          12 is turned on to
charge the storage node 20 if a A semiconductor memory array that solves
the   20  high voltage was applied to the bit/sense line 22, aforementioned
problems is defined in claim 1.     indicating the presence of, say, a 1
digit, otherwise In a particular embodiment of the present in-   the
storage node 20 remains uncharged, indicating vention, a dynamic random
access memory is pro-    the presence of a stored 0 digit. To read informa-
vided which includes a semiconductor substrate     tion from the storage
capacitor 16, the bit/sense having a major surface and a trench formed
there-  25  line 22 is charged to a high voltage and the transis- in, first
and second spaced apart storage capaci-  tor 12 is turned on. If the
bit/sense line 22 is tors disposed along one sidewall of the trench, first
discharged, a sense amplifier (not shown) con- and second spaced apart
bit/sense diffusion re-    nected to the bit/sense line 22 will indicate
the gions disposed along the surface of the substrate  presence of a 0
digit in the storage capacitor 16. If and a word line disposed along the
one sidewall of  30  the bit/sense line 22 remains charged, the storage the
trench between the first and second capacitors  capacitor 16 is storing a 1
digit. and the first and second bit/sense diffusion regions.  In accordance
with the teachings of this inven- The memory may further include first and
second    tion, a novel vertical structure of the memory circuit bit/sense
lines connected to the first and second  of Fig. 1 is illustrated in Figs.
2 and 3, wherein Fig. bit/sense diffusion regions, respectively, and ar-
35   3 is a plan view of the structure and Fig. 2 is a ranged orthogonal to
the direction of the trench.  sectional view taken through line 2-2 of Fig.
3. As Furthermore, the memory may include similarly      shown in Figs. 2
and 3, two dynamic memory cells arranged elements on the opposite sidewall
of the  10A and 10B are disposed on opposite sidewalls trench connected to
the first and second bit/sense  within a trench 24 formed in a
semiconductor sub- lines.                                        40  strate
26, preferably made of silicon and having a The foregoing and other
objects, features and   P- conductivity. Cell 10A includes the field effect
advantages of the invention will be apparent from  transistor 12, the
storage capacitor 16 and the the following and more particular description
of the  bit/sense line 22, preferably made of metal such as preferred
embodiments of the invention, as illus-  copper-doped aluminum, with
transistor 12 and the trated in the accompanying drawings.           45
capacitor 16 being located within the trench 24 on Fig. 1
a first sidewall thereof and the bit/sense line 22 is a circuit diagram of
a dynamic one device     being formed on the surface of the substrate 26 in
memory cell indicating the principal elements    contact with an N +
diffusion region 28 disposed at thereof,
the surface of the substrate 26, serving as the drain Fig. 2
so  of the transistor 12. The transistor 12 includes the is a sectional
view taken through line 2-2 of Fig.  gate 14, which is preferably made of
P-doped 3 of two dynamic cells of the structure of the   polysilicon,
tungsten silicide [err] or titanium sili- present invention,
cide [err], or a combination of the polysilicon and Fig. 3
a silicide, or of copper-doped aluminum, separated is a plan view of two
cells of the present inven-  55  from the first sidewall of the trench 24
by a thin tion disposed on opposite sidewalls of a trench,  insulating
layer 30, preferably a triple insulating Fig. 4
layer made of silicon dioxide, silicon nitride and is a plan view of a 2x2
array of cells, each cell  silicon dioxide, or a dual layer made of silicon
3    



5                 EP0254 046 B1                        6 dioxide and
silicon nitride. The storage capacitor  channel of the transistors 12 and
12' being one 16 includes the storage node 20 made in the form   micron,
with the length of the channel being equal of an N + diffusion region
disposed along the first  to one micron. The layer of insulation 30 forming
sidewall of the trench 24 and the conductive plate  the gate insulating
medium of the transistors 12 8, which may be made of P-doped polysilicon
5   and 12' has a thickness of about 18 nanometers, cluding boron,
separated from the node or N +      with the thickness of the silicon
dioxide layers each diffusion region 20 by an insulating layer 32, pref-
being 5 nanometers and the thickness of the silicon erably also a dual or
triple insulating layer made of  nitride layer being 8 nanometers. The
thickness of silicon dioxide and silicon nitride.               the
dielectric layer 32 of the storage capacitor 16 is A thick layer of
insulation 34 is disposed be-  to  preferably 13 nanometers, e. g., 4
nanometers of tween the bottom of the trench 24 and the conduc-  silicon
dioxide, 7 nanometers of silicon nitride and tive plate 18, a layer of
insulation 36 is preferably  2 nanometers of silicon dioxide. The layers of
grown, to a thickness of about 100 nm (1000 ang-   insulation 30 and 32 may
also be made of the stroms), as silicon dioxide on the polysilcon plate
same continuous materials and having the same 18 so as to isolate the gate
14 from the polysilicon   15  thicknesses. The thick layer of insulation 34
prefer- plate 18, and insulating material 38, preferably   ably has a
thickness of 200 nanometers. The N + polyimide  or a  reflowable  glass,
such  as       diffusion regions 20 and 20' each extend into the
borophosphosilicate glass, is disposed between the  substrate 26 about 150
nanometers from their re- the silicon dioxide layer 36 and the bit/sense
line  spective sidewalls of the trench 24. With a spacing 22.
20  between adjacent cells of an array of cells along The second dynamic
memory cell 10B is also     the word line direction equal to one micron or
less located within the trench 24 with its field effect  and along the
bit/sense line direction, which is transistor 12' and storage capacitor 16'
being dis-  orthogonal to that of the word line direction, equal posed on
the second or opposite sidewall of the    to one micron or less, the size
of one cell at the trench 24, with the bit/sense line 22 being common   25
surface of the semiconductor substrate may be to both cells 1OA and 10B.
The second transistor   made equal to 2 square microns or less, which is
12' includes the gate 14, which is preferably made  produced when the
lithographic line width is equal of the same material as gate 14, separated
from    to one micron or less. Furthermore, the capaci- the second sidewall
of the trench 24 by the thin   tance of each of the storage capacitors 16
and 16' insulating layer 30. The storage capacitor 16' in-  30  versus the
capacitance of the bit/sense line 22, cludes the storage node 20 also made
in the form   assuming 64 cells per bit/sense line, provides a of an N +
diffusion region disposed along the sec-  very desirable transfer ratio of
at least 20%. ond sidewall of the trench 24 within the semicon-      Fig. 4
is a plan view of an array of cells, each ductor substrate 26 and the
conductive plate 18    cell being of the type illustrated in Figs. 2 and 3
of separated from the N + diffusion region 20' by the   35  the drawings,
wherein like reference characters re- insulating layer 32. An N + diffusion
region 28,   fer to similar elements, with two cells 1OA and 10B serving as
the drain of the field effect transistor 12',  aligned in the horizontal
direction along the first is connected to the common bit/sense line 22.
bit/sense line 22 and two cells 10C and 1 OD Gates 14 and 14' are portions
of first and      aligned in the horizontal direction along a second second
word lines 40 and 40', respectively, which   40  bit/sense line 22. The
cells 1 OA and 10C are also extend in a vertical direction along the
longitudinal  aligned in the vertical direction along word line 40 axis of
the trench 24 and orthogonal to the direc-  and the cells 10B and 1OD are
aligned in the tion of the bit/sense line 22, as indicated in Fig. 3
vertical direction along word line 40'. As is known, of the drawings.
each of the word lines 40 and 40' is connected to It can be seen from Figs.
2 and 3 that two very  45  word decoder and driver circuits 42 for
selective compact one device dynamic memory cells 10A        actuation and
each of the bit/sense lines 22 and and 1 OB are provided on opposite
sidewalls of a   22' may be connected to known bit line decoder, trench 24
isolated from each other, and from any   precharge and sense amplifier
circuits 44. adjacent cells, by the thick insulation layer 34,      Fig. 5
is a sectional view of Fig. 4 taken wherein all elements of the two cells
10A and 10B   5o  through line 5-5 thereof and Fig. 6 is a sectional are
located within a trench 24 except for the      view of Fig. 4 taken through
line 6-6 thereof to bit/sense line 22. The trench 24 may be made as    more
clearly show the details of the elements of deep and as wide as necessary
to provide a stor-   the cells 10A, 10B, 10C and 10D of the array. age
capacitor of desired size and a transistor of      By referring to Figs. 4
and 5, wherein Fig. 5 is desired switching characteristics. In one arrange-
65   a sectional view taken orthogonally through the ment of the structure
of the present invention, the  trench 24 in an isolation region between
storage depth of the trench 24 is preferably 7 micrometres,  nodes of the
cells, it can be readily seen that the with a width of one micron, and the
width of the   thick insulating layer 34 is formed along the 4    



7                 EP 0 254 046 B1                   8 sidewalls and the
bottom of the trench 24 and on  ments of the sidewalls of the trenches 24
where the upper surface of the semiconductor substrate  the field effect
transistors 12 and 12' and the 26. The conductive plate 18 is disposed at
the    storage capacitors 16 and 16' are to be formed, as bottom of the
trench 24 on the thick insulating layer  well as along the upper surface of
the substrate 26 34, and the word lines 40 and 40' are disposed   5   for
the formation of the drain regions 28 and 28 of above the plate 18 on
opposite sidewalls of the   the transistors 12 and 12' as indicated in Fig.
7 of trench 24, separated from the semiconductor sub-  the drawings. The
thick insulation layer 34 is re- strate 26 by the thick insulation layer 34
and from  tained at the bottom of the trenches 24 by blocking the
conductive plate 18 by the insulation layer 36.  the segment of the thick
insulation layer 34 at the The polyimide or BPSG 38 completes the filling
of  10  bottom of the trenches 34 with a layer of photores- the trench 24.
ist 46, left in place by terminating the MLR reactive By referring to Figs.
4 and 6 of the drawings,  ion etch photoresist etching before reaching the
wherein Fig. 6 is a sectional view taken parallel to a  trench bottom, as
also indicated in Fig. 7 of the sidewall of the trench 24 and through the
storage  drawings. As can be seen in Fig. 8 of the drawings, nodes 20' and
the drain regions 28. it can be seen   is  in the isolation regions between
cells along the that the first bit/sense line 22 contacts, in a self-
sidewalls of the trenches, the layer of photoresist aligned manner, the
drain region 28' of the cell 10B  46 prevents the removal of the thick
insulation with its storage node 20 spaced from the drain    layer 34
during a wet etch process which removes region 28' by the length of the
channel of transistor  the unwanted segments of the thick insulation layer
12', and the second bit/sense line 22' contacts the   20  34. If desired,
the thick insulation layer 34 may be drain region 28' of the cell 10D with
its storage  a dual layer made of grown silicon dioxide and node 20' spaced
from the drain region 28' of the  deposited silicon nitride. cell 1 OD by
the length of the channel of its transis-  After the thick insulation layer
34 has been tor 12'.                                          appropriately
etched, a layer of doped silicon diox- As is known, to write into or read
from a   25  ide 48, about 20 nanometers thick, is deposited random access
memory array as shown in Fig. 4,    conformally along the sidewalls of the
trenches 24. word line decoder and driver circuits 42 and bit line  Again
with the use of a layer of photoresist (not decoder, precharge and sense
amplifier circuits 44  shown), portions of the doped insulation layer 48 at
of any known type may be used to select any one   the upper regions of the
trenches 24 are removed, or more of the cells 10A, 10B, 10C and 10D.  30
as indicated in Fig. 9 at the cell region and in Fig. Furthermore, it
should be understood that the     10 at the isolation region of the
drawings. More trench 24 may contain hundreds of memory cells
specifically, a preferred processing sequence in- along each of the two
sidewalls thereof to which  cludes coating the structure with a planarizing
the word lines 40 and 40' may be connected and    photoresist which fills
the trenches 24, reactively that hundreds of similar spaced apart trenches
may   35  ion etching the planarized photoresist to the de- be arranged
parallel to the trench 24 containing  sired level in the trenches 24, and
removing the similar memory cells to which the bit/sense lines  doped
silicon dioxide 48 from the upper portion of 22 and 22 may be connected.
The trenches 24       the trenches 24 using dilute buffered hydrogen may be
spaced apart by one lithographic line, i. e.,  fluoride. With the layer 48
appropriately etched, by by as short a distance as one micrometre or less.
40  using known drive-in techniques, the dopant, which Any known process
may be used to make the     is preferably arsenic, In the doped insulation
layer memory cells of the present invention. In one par-  48 is driven into
the sidewalls of the trenches 24 to ticular process, boron ions with an
energy of 10  form the N + diffusion regions or storage nodes 20 Mev are
implanted through a major surface of the  and 20', as also indicated in
Fig. 9 of the drawings. semiconductor substrate 26 to produce a concen-  45
As can be seen in Fig. 10 of the drawings, since tration of 1E17 to a depth
of about 7 micrometers.  the thick insulation layer 34 is retained on the
The deep trenches 24 about 7 micrometers deep,    sidewalls of the trenches
24 between the cells, the in the silicon substrate 26 shown in Figs 2, 3, 4
and  arsenic is blocked from entering into the semicon- 5 of the drawings
may be formed by known reac-    ductor substrate 26 at those locations.
After drive- tive Ion etching techniques, preferably with the use  so  in,
any appropriate wet etchant, such as the dilute of any known lithographicly
defined silicon dioxide  buffered hydrogen fluoride, may be used to re-
masking layer. After the trenches 24 are formed,  move the remaining
segments of the doped insula- the thick insulating layer 34 may be
deposited    ton layer 48. within the trenches 24 and on the surface of the
With the storage nodes 20 and 20' formed in semiconductor substrate 26. The
thick insulating  55  the sidewalls of the trenches 24, the gate dielectric
layer 34 is removed, preferably by any known      layer 30 and the storage
capacitor dielectric layer multilayer or multilevel photoresist (MLR)
process,  32 may be formed simultaneously by first growing including a
non-erodable layer, from selected sag-  a layer of silicon dioxide and then
depositing a 5    



9                 EP 0 254 046 B1                    10 layer of silicon
nitride, followed by oxidation of the  means, the switching means and the
word line of nitrides to form 2-4 nanometers of silicon dioxide  the cell,
with the bit/sense line disposed on the on top of the nitride. The
conductive plate 18 is   surface of the semiconductor substrate and ar-
formed by depositing doped polysilicon into the     ranged orthogonal with
respect to the the direction enches 24 and planarizing the polysilicon at
the   5   of the word line or trench. surface of the substrate 26. After
the polysilicon is planarized, the polysilicon is removed from the
Claims upper portion of the trenches 24 by appropriate etching until the
upper surface thereof is located  1. Dynamic random access memory array
com- below the upper edge of the storage nodes 20 and   10  prising a
semiconductor substrate having a 20', as indicated in Fig. 2 of the
drawings. The        major surface and a trench disposed therein; exposed
surface of the polysilicon plate 18 is now     first and-second spaced
apart storage capaci- oxidized to form the layer of silicon dioxide 36,
tors comprising diffused regions disposed which may be, e. g., 100 nm (1000
angstroms)           along a first sidewall of said trench and a thick. The
gates 14 and 14' of the transistors 12   15  conductive plate disposed
within said trench and 12', respectively, may then be formed by
and Insulated from said diffused regions; first depositing another layer of
doped polysilicon over     and second spaced apart bit/sense diffusion the
structure and reactively ion etching the poly-      regions disposed at the
surface of said sub- silicon until the gates 14 and 14' take on the shape
strate; indicated in Fig. 2 of the drawings. If preferred, the   20  a
first word line disposed along said first polysilicon layer may be followed
by the deposition     sidewall between said first and second storage of a
layer of tungsten silicide or titanium suicide    capacitors and said first
and second bit/sense and then reactively ion etched to provide a dual
diffusion regions, respectively, and insulated layered gate structure which
is more conductive        from said first sidewall and said conductive than
a gate which is made of only doped poly-  25       plate; silicon. By using
reactive ion etching techniques,     the first and second bit/sense lines
(22, 22') the silicon dioxide and silicon nitride layers 30, 32   connected
to said first and second bit/sense can be removed from all horizontal
surfaces, par-       diffusion regions, respectively, and arranged
ticularly from the drain regions 28 and 28' at the      orthogonal to the
direction of said trench, surface of the semiconductor substrate 26. The
30     wherein said trench has a second sidewall N + drain regions 28 and
28 are formed by im-          opposing said first sidewall and further
includ- planting arsenic at 50 KEV and a dose of 1 E15 per      ing:
centimeter square into the exposed surface of the      third and forth
spaced apart storage capacitors sub strate 26. If desired, copper-doped
aluminum        comprising diffused regions disposed along may also be used
to make the gates 14 and 14,   35     said second sidewall and said
conductive plate but only after the N + drain regions 28 and 28'
disposed within said trench and insulated from have been formed. The
remaining portion of the         said diffused regions; third and fourth
spaced trenches 24 is filled with insulating material 38 such  apart
bit/sense diffusion regions disposed at as  polyimide or a  reflowable
glass, e. g.,          the surface of said substrate, and
borophosphosilicate glass, and planarized at the   40     a second word
line disposed along said sec- major surface of the semiconductor substrate
26.       ond sidewall between said third and fourth To form the bit/sense
lines 22 and 22', a layer of,     capacitors and said third and fourth
bit/sense preferably, copper-doped aluminum  is deposited        diffusion
regions, respectively, and insulated over the surface of the structure and
appropriately    from said second sidewall and said conductive etched into
parallel lines, as more clearly indicated   45  plate, in Fig.4 of the
drawings.                              said first and second bit/sense
lines being con- It should be understood that the gate dielectric    nected
to said third and fourth bit/sense diffu- layer 30 may differ from the
capacitor dielectric      sion regions, respectively; layer 32 as to
composition or thickness, by forming    and further including an insulating
medium dis- the gate dielec tric layer 30 after forming the con-  50  posed
between said first and second word ductive plate 18.
lines wherein  said  insulating  medium  is It can be readily seen in
accordance with the       polyimide or reflowable glass. teachings of this
invention that an improved mem- ory cell has been provided in a vertical
structure  2. Dynamic random access memory array as set within a
semiconductor substrate requiring a very  55   forth in claim 1,
characterized by small cell substrate surface area, i.e., only two       an
insulation layer disposed on said conductive lithography squares, not known
in the prior art, by     plate between said word lines and said con-
forming within a trench or groove the storage           ductive plate. 6



9             EP0254046B1                        10 layer of silicon
nitride, followed by Oxidation of the  means, the switching means and the
word line of nitrides to form 2-4 nanometers of silicon dioxide  the cell,
with the bit/sense line disposed on the on top of the nitride. The
conductive plate 18 is  surface of the semiconductor substrate and ar-
formed by depositing doped polysilicon into the    ranged orthogonal with
respect to the the direction benches 24 and planarizing the polysilicon at
the   5   of the word line or trench. surface of the substrate 26. After
the polysilicon is planarized, the polysilicon is removed from the
Claims upper portion of the trenches 24 by appropriate etching until the
upper surface thereof is located  1. Dynamic random access memory array
com- below the upper edge of the storage nodes 20 and   10  prising a
semiconductor substrate having a 20', as indicated in Fig. 2 of the
drawings. The       major surface and a trench disposed therein; exposed
surface of the polysilicon plate 18 is now     first and-second spaced
apart storage capaci- oxidized to form the layer of silicon dioxide 36,
tors comprising diffused regions disposed which may be, e. g., 100 nm (1000
angstroms)           along a first sidewall of said trench and a thick. The
gates 14 and 14' of the transistors 12  15  conductive plate disposed
within said trench and 12', respectively, may then be formed by
and insulated from said diffused regions; first depositing another layer of
doped polysilicon over     and second spaced apart bit/sense diffusion the
structure and reactively ion etching the poly-     regions disposed at the
surface of said sub- silicon until the gates 14 and 14' take on the shape
strate; indicated in Fig. 2 of the drawings. If preferred, the   20  a
first word line disposed along said first polysilicon layer may be followed
by the deposition    sidewall between said first and second storage of a
layer of tungsten silicide or titanium silicide    capacitors and said
first and second bit/sense and then reactively ion etched to provide a dual
diffusion regions, respectively, and insulated layered gate structure which
is more conductive        from said first sidewall and said conductive than
a gate which is made of only doped poly-  25      plate; silicon. By using
reactive ion etching techniques,     the first and second bit/sense lines
(22, 22') the silicon dioxide and silicon nitride layers 30, 32  connected
to said first and second bit/sense can be removed from all horizontal
surfaces, par-      diffusion regions, respectively, and arranged ticularly
from the drain regions 28 and 28' at the     orthogonal to the direction of
said trench, surface of the semiconductor substrate 26. The   30    wherein
said trench has a second sidewall N + drain regions 28 and 28 are formed by
im-          opposing said first sidewall and further includ- planting
arsenic at 50 KEV and a dose of 1 El 5 per   ing: centimeter square into
the exposed surface of the      third and forth spaced apart storage
capacitors sub strate 26. If desired, copper-doped aluminum
comprising diffused regions disposed along may also be used to make the
gates 14 and 14',  35     said second sidewall and said conductive plate
but only after the N + drain regions 28 and 28'        disposed within said
trench and insulated from have been formed. The remaining portion of the
said diffused regions; third and fourth spaced trenches 24 is filled with
insulating material 38 such  apart bit/sense diffusion regions disposed at
as polyimide  or a  reflowable glass, e. g.,           the surface of said
substrate, and Dorophosphosllicate glass, and planarized at the   40   a
second word line disposed along said sec- major surface of the
semiconductor substrate 26.       ond sidewall between said third and
fourth To form the bit/sense lines 22 and 22, a layer of,     capacitors
and said third and fourth bit/sense preferably, copper-doped aluminum is
deposited         diffusion regions, respectively, and insulated over the
surface of the structure and appropriately    from said second sidewall and
said conductive etched into parallel lines, as more clearly indicated   45
plate, in Fig.4 of the drawings.                              said first
and second bit/sense lines being con- It should be understood that the gate
dielectric    nected to said third and fourth bit/sense diffu- layer 30 may
differ from the capacitor dielectric      sion regions, respectively; layer
32 as to composition or thickness, by forming    and further including an
insulating medium dis- the gate dielec tric layer 30 after forming the con-
50  posed between said first and second word ductive plate 18.
lines wherein  said  insulating  medium  is It can be readily seen in
accordance with the       polyimide or reflowable glass. teachings of this
invention that an improved mem- ory cell has been provided in a vertical
structure  2. Dynamic random access memory array as set within a
semiconductor substrate requiring a very  55  forth in claim 1,
characterized by small cell substrate surface area, i.e., only two      an
insulation layer disposed on said conductive lithography squares, not known
in the prior art, by    plate between said word lines and said con- forming
within a trench or groove the storage          ductive plate. 6    



11                EP 0 254 046 B1                    12 3. Dynamic random
access memory array as set          cherkondensatoren mit entlang der
zweiten forth in claims 1 or 2 wherein said conductive     Seitenwand
angeordneten Diffusionsbereichen plate is made of doped polysilicon and
said        und einer im Graben und von den Diffusions- word lines are made
of a silicide.                 bereichen isoliert angeordneten leitenden
Plat- 5      te; 4. Dynamic random access memory array as set
dritte und vierte an der Oberflache des Sub- forth in claim 1 wherein said
conductive plate     strats  getrennt  voneinander  angebrachte is made of
doped polysilicon, said word lines      BiVLesediffusionsbereiche; are made
of doped polysilicon and said             eine zweite entlang der zweiten
Seitenwand bit/sense lines are made of copper-doped alu-  io  zwischen den
dritten und vierten Kondensato- minum.
ren   und   den   dritten   und   vierten BitiLesediffusionsbereichen und
von der zwei- 5. Dynamic random access memory array as set          ten
Seitenwand und der leitenden Platte isoliert forth in claim 1,
characterized by                 angeordnete Wortlietung, wobei die ersten
a thick layer of insulation disposed on said first  15  bzw. zweiten
Bit/Leseleitungen mit den dritten sidewall between said first and second
storage     bzw. vierten Bit/Lesediffusionsbersichen ver- capacitors and
between said first and second       bunden sind; und weiterhin bit/sense
diffusion regions.                       ein zwischen den ersten und
zweiten Wortlel- tungen angebrachtes isolierendes Medium, wo- 6. Memory as
set forth in claim 1 wherein the   20    bei das isolierende Medium ein
Polyimid oder diffusion regions of said first and second ca-     ein
aufschmelzbares Glas ist. pacitors and the diffusion regions of said third
and fourth capacitors are separated by first   2. Matrix von dynamischen
Schreiblesespeichem and second layers of insulation, respectively.     nach
Anspruch 1, dadurch gekennzeichnet, 25      daB 7. Memory as set forth in
claim 1 wherein said        eine Isolationsschicht auf der leitenden Platte
first and second bit/sense lines include alu-      zwischen den
Wortleitungen und der leitenden minum.
Platte angebracht ist. PatentansprUche                               30   .
Matrix von dynamischen Schreiblesespeichern nach Ansprlchen 1 oder 2, bei
der die leitende 1. Matrix von dynamischen Schreiblesespeichem,
Platte aus dotfertem Polysilicium und die Wort- die folgendes umfaBt:
leitungen aus ainem Silicid bestehen. ein Halbleitersubstrat mit einer
Hauptoberfld- che und einem darin angebrachten Graben;  35  4. Matrix von
dynamischen Schreiblesespeichern erste und zweite getrennt voneinander
ange-        nach Anspruch 1, bei der die leitende Platte ordnete
Speicherkondensatoren mit entlang ei-      aus dotiertem Polysilicium, die
Wortleitungen ner ersten Seitenwand des Grabens angeord-         aus
dotiertem   Polysilicium   und   die neten Diffuslonsbereichen und einer im
Graben      BiVLeseleitungen aus kupferdotiertem Alumini- und von den
Diffusionsbereichen isoliert ange-  40  um bestehen. ordneten leitanden
Platte; erste und zweite an der Oberfliche des Sub-    5. Matrix von
dynamischen Schreiblesespeichem strats  getrennt  voneinander  angebrachte
nach Anspruch 1, dadurch gekennzeichnet, Bit/Lesediffusionsbereiche;
daB eine erste entlang der ersten Seitenwand zwi-  45  eine dicke
Isolationsschicht auf der ersten Sei- schen den ersten und zweiten
Speicherkon-         tenwand zwischen den ersten und zweiten densatoren
und  den  ersten  und zweiten          Speicherkondensatoren und zwischen
den er- BiVLesediffusionsbereichen und von der ersten      sten und zweiten
Bit/Lesediffusionsbereichen Seitenwand und der leitenden Platte isoliert
angebracht ist. angeordnete Wortleitung;                  60 erste und
zweite mit den ersten bzw. zweiten   6. Speicher nach Anspruch 1, be! dem
die Diffu- BitVLesediffusionsbereichen  verbundene und        sionsbereiche
der ersten und zweiten Konden- orthogonal zur Richtung des Grabens angeord-
satoren und die Diffusionsbereiche der dritten nete BiVLeseleitungen (22,
22');                   und vierten Kondensatoren durch erste bzw. wobel
der Graben gegentber der ersten eine   55    zweite Isolationsschichten
getrennt werden. zwelte Seitenwand aufweist; und die weiterhin folgendes
umfa8t:            7. Speicher nach Anspruch 1, bei dem die ersten dritte
und vierte voneinander getrennte Spei-      und zweiten Bit/Leseleitungen
Aluminium ent- 7    13                EP 0 254 046 B1                    14



halten.                                            ou verre fondu.
Revendloatlons                                     2. R6seau de mdmoire
dynamique h accbs alea- toire solon la revendication 1 caracterise en co A.
Reseau de memoire dynamique a accbs alWa-   6       qu'il comporte une
couche isolanto disposeo * "~-'toire, comprenaht un substrat
semi-conducteur      sur la plaque conductrice entre les lignes de ayant
une surface principale comportant une        mots at ladite plaque
conductrice. tranchde; - un premier et un second condensateurs      &
R6seau de mdmoire dynamique a accbs alWa- de stockage sdpares l'un de
l'autre, corn-  10  toire selon lune des revendication 1 ou 2 dans prenant
des regions diffusdes disposeos       loquel ladite plaque conductrice est
faite de le long d'une premiere paroi de ladite        polysilicium dopg,
et lesdites lignes de mots tranchee ot une plaque conductrice si-
faites d'une combinaison silicide. tueo dans ladite tranchee et isoleo
desdi- tes regions diffusoes ; une premibre et  16  4. Reseau de memoire
dynamique a acebs alea- une seconde regions de diffusion de           toire
selon la revendication 1 dans loquel ladite contr8le de bits separees l'une
de l'au-      plaque conductrice est faite de polysilicium tre, disposdes a
la surface dudit substrat    dop6, lesdites lignes de mots sont en
polysili- ; une promibre ligne de mots disposee le      cium dopg et
lesdites lignes de contr81e de long de ladite premiere paroi entre les-  20
bits on aluminium dope cuivre, ledit rdseau dits premier et second
condensateurs et       comprenant en outre un milieu isolant entre lesdites
premiere et seconde diffusions       lesdites premiere et seconde lignes de
mots, de contr8le de bits respectivement, et        ledit milieu isolant
6tant en polyimide ou en isolde de ladits premihre paroi et de ladi-
verre fondu. to plaque conductrice; les premibre et  25 soconde lignes de
contr8le de bits (22,    5. Rdseau de mdmoire dynamique A acces alda- 22')
etant connecteos auxdites promibre       toire selon la revendication 1
caracterise en ce ot seconde rdgions de diffusion respecti-     qu'il
comporte une couche dpaisse d'isolation vement et disposdes
porpendiculaire-          placee sur ladite premibre paroi entre lesdits
ment & la direction de ladite trancheo,  3o   premier et second
condensateurs de stockage laquelle tranchde a une seconde paroi         et
entre lesdites premiere et seconde regions opposee a ladite premibre paroi
et corn-      de diffusion de contr8le de bits. prenant: - un troisieme et
un quatribme condensa-     8. Memoire selon la revendication 1 dans
laquelle tours de stockage sdpards, compronant  35      les rdgions de
diffusion desdits premier et des regions de diffusion, disposes le
second condensateurs et les regions de diffu- long de ladite seconde parol
et ladite        sion desdits troisibme et quatribme condensa- plaque
conductrice etant disposae dans        tours sont separees par lesdites
premibre et ladite tranchee et isolee desdites rtgions    seconde couches
d'isolation, respectivement. Y>         diffusees ; une troisibme et une
quatrib-  4o me regions de diffusion de contr8le de     7. Memoire selon la
revendication 1 dans laquelle bits sdpardes ot placees a la surface
lesdites premibre et seconde lignes de contr8- dudit substrat et,
le de mots comprennent de l'aluminium. - une seconde ligne de mots disposoe
le long de ladite seconde paroi entre lesdits  4e troisibme et quatribme
condensateurs et lesdites troisieme et quatribme regions de diffusion de
contr8le de bits, et isolde de ladite seconde paroi et de ladite pla- que
conductrice,                      50 - lesdites premieres et secondes
lignes de contr8le de bits etant connectdes auxdi- tes troisibme et
quatribme rdgions de diffusion de contr8le de bits respective- ment;
55 et compronant on outre un milieu isolant dispo- se entre lesdites
premibre et seconde lignes de mots, le moyen isolant etant du polyimide 8


