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there is disclosed a prior art semiconductor trench capacitor cell 40. The
semiconductor trench ca- The present invention relates to a semiconduc-
pacitor cell 40 is constructed of a trench having a tor trench capacitor
structure that provides for high  thin insulation layer 90 disposed upon
its walls, the pacitance storage and allows the capacitors to   5
remainder of the trench being filled with a layer of abut adjacent devices.
The invention also relates to  doped polysilicon 80. The polysilicon
material 80 is a dynamic memory cell employing the trench ca-     a
conductive material such that it serves as a pacitor structure, to an array
of such dynamic     conductive electrode which is insulated from the memory
cells, and to a method of producing the     semiconductor substrate 10 by
the thin insulation trench capacitor structure.                   io  layer
90. The trench capacitor cell 40 is able to Parallel with the recent
exponential growth in  store charge in the polysilicon material 80, and the
use of integrated circuits, has come the devel-  thus to function as a
capacitor. opment of numerous types of semiconductor mem-        To the
right of the semiconductor trench ca- ory devices. The memory device type
to which the   pacitor cell 40 in Fig. 1, there is also constructed present
invention pertains is a dynamic memory  is  an adjacent semiconductor
trench capacitor cell cell wherein a bit is represented by a charge stored
110. The adjacent semiconductor trench cell ca- in a capacitor structure.
More specifically, the   pacitor also has a thin insulation layer 130, and
is present invention relates to a semiconductor trench  filled with a
polysilicon material 120. These semi- -apacitor cell whose construction
facilitates greater  conductor trench capacitor cells 40 and 110 are
storage capacity, and the ability to construct more  20  necessarily placed
apart and are isolated from one densely packed memory arrays.
another by the Recessed Oxide (ROX) isolation Many different types of
semiconductor trench   layer 100. The need for separation and isolation of
and storage capacitor constructions have been pro-  the adjacent
semiconductor trench capacitor cells posed. Prior art of which Applicant is
aware, in-  40 and 110 is due to electrical device limitations. If cludes:
U.S. Patent 4,238,278 issued to Antipov 9   25  the semiconductor trench
capacitor cells 40 and December 1980; IBM Technical Disclosure Bulletin,
110 are not provided with the necessary isolation, Vol. 27, No. 11, April
1985 concerning a "Dynamic  there would be numerous incidences of interfer-
RAM cell with merged drain and storage"; and IBM   ence due to the
electrical interaction between adja- Technical Disclosure Bulletin, Vol.
28, No. 6, No-  cent semiconductor trench capacitor cells. vember 1985
concerning a "CMOS dynamic ran-  30        Although the above described
approach allows dom access memory cell". These prior art ap-       the
construction of trench capacitor cells which proaches will now be described
in greater detail.  avoid interference and breakdown problems, this In U.S.
Patent 4,238,278, there is described a  construction has been found to be
impracticable in method for making both shallow and deep re-        the
construction of densely packed memory arrays. cessed oxide isolation
trenches in semiconductor  35  As the number of dynamic memory cells to be
substrates. Antipov results in both shallow and    fabricated on a
semiconductor substrate increases deep recessed isolation trenches in which
a thick  above one million, there will be a limitation on the oxide
isolation layer is used along the entire wall  amount of substrate surface
area which can be surface of the trench.
devoted to each individual memory cell. IBM Technical Disclosure Bulletin,
Vol. 27, No.  40  As shown in Fig. 1, surface isolation regions 11, and IBM
Technical Disclosure Bulletin, Vol. 28,  such as ROX regions 99 and 100
consume an No. 6 disclosure trench capacitor cells, whereby a  appreciable
percentage of the total chip surface recessed oxide (ROX) isolation layer
is constructed  area. It would be beneficial to reduce the amount of
between adjacent trench capacitor cells. This type  chip surface area
consumed by these isolation of approach will be illustrated and described
with  45  regions, while at the same time preserving the reference to
Figure 1, wherein a composite semi-   integrity of the charge stored in
adjacent memory conductor substrate 10 is shown to have an N- well  cells.
portion 30 formed in a P + substrate 20. On the        Consequently, there
exists a need for an im- surface of the composite semiconductor substrate
proved approach in the construction of semicon- 10, there is constructed a
transistor consisting of a   so  ductor trench capacitor cells to
facilitate construc- P + source diffusion 50, a gate electrode 60, and a
tion of densely packed arrays. More specifically, P + drain diffusion 70,
the gate electrode 60 being  there exists a need for improvements which
allow separated from substrate 10 by a thin insulation   both the
construction of trench capacitor cells hav- layer 15. To the left of the
source 50, there is   ing greater storage capacity, making a more effi-
shown a partial section of a recessed oxide isola-  55  cient use of the
semiconductor substrate area. tion layer 99 which can be used to support
and         EP-A-0 167 764, entitled "Dynamic Ram cell", insulate
additional memory array circuitry (e.g. wor-  published January 15, 1968
relates to a trench cell dlines and bitlines, not shown). Below the drain
70  in which a polysilicon-filled trench extends through 2    



3                 EP 0 265 616 B1                    4 a well region formed
on an epitaxial region, into the  tion; forming a thin insulating layer on
said bottom underlying substrate.                              wall and
said lower side wall portion; forming a PATENT ABSTRACTS of JAPAN, vol. 8,
no.          thick insulating layer on at least a portion of said 103
(E-244)[1540], May 15, 1984 & JP-A- 59 019     upper side wall portion;
and, filling the remainder of 366, published January 31, 1984 relates to a
semi-   5   said trench with a conductive material. conductor trench
structure in which the trench is      One way of carrying out the invention
is de- filled with a conductive electrode and where upper  scribed in
detail below with reference to drawings portions of the side-wall isolation
of the trench are  which illustrate a specific embodiment and in thicker
than lower portions.                       which: It is an important object
of this invention to  10  Figure 1 is a diagram showing the construction
provide a semiconductor trench capacitor having       of a dynamic memory
cell with a prior art semi- increased size, and therefore increased charge
conductor trench capacitor cell. storage capacity.
Figure 2 is a diagram showing the construction It is a second object of
this invention to provide  of a dynamic memory cell with a semiconductor a
method of constructing a semiconductor trench   is    trench capacitor cell
of the present invention. capacitor which has an isolation structure within
the  Figures 3A through 3H show the steps used in filled trench.
the fabrication of a semiconductor trench ca- It is another object of this
invention to provide  pacitor cell of the present invention. a
semiconductor trench capacitor structure which      Figure 4A is a
magnified top plan view of a facilities the construction of densely packed
arrays.  20  portion of a semiconductor substrate showing an It is still a
further object of the present inven-  example of the size of semiconductor
substrate tion to provide a semiconductor trench capacitor      area
devoted to a memory cell capacitor, when structure which can be closely
placed to adjacent    the prior art recessed oxide isolation approach is
semiconductor trench capacitor structures.           used to construct a
dynamic memory array. The present invention as claimed provides a   25
Figure 4B is a cross-sectional view taken along unique approach to satisfy
the aforementioned        lines A-A of Figure 4A. needs and objects. More
specifically, the present     Figure 5A is a magnified top plan view of a
invention uses an approach of merging the isolation   preferred  array
layout embodiment of the layer and node trench such that the isolation re-
present invention. gions are self aligned to the trench side walls.  30
Figure 5B is a cross-sectional view taken along Thus, trench capacitors of
higher capacity can be     lines B-B' of Figure 5A. constructed in a given
space. Moreover, these larg-   Figure 6 is a top plan view of a portion of
a er trench capacitors can be placed more closely to    semiconductor
substrate showing an alternate adjacent trench capacitor cells. As a
result, the     array layout embodiment of the present inven- overall area
of the semiconductor substrate is more  35    tion. efficiently utilized,
and trench capacitor cells of   Figure 7 is a top plan view of a portion of
a sufficient charge storage capacity to facilitate the  semiconductor
substrate showing another alter- construction of densely packed memory
arrays are      nate array layout embodiment of the present realized.
invention. Accordingly, the present invention relates to a   40  Turning
now to Figure 2, a dynamic memory semiconductor trench capacitor structure,
compris-  cell with a semiconductor trench capacitor cell ing: a
semiconductor substrate; a trench formed in  structure of the present
invention is shown. The said semiconductor substrate, said trench having a
dynamic memory cell is formed in a composite bottom wall, and a side wall
which has an upper    semiconductor substrate 210 in which an N- well side
wall portion and a lower side wall portion; a   45  230 is formed in a P +
substrate portion 220. On thin insulating layer formed on said bottom wall
the surface of the semiconductor substrate 210, a and said lower side wall
portion; a thick isolating  transistor is constructed of a P+ drain
diffusion layer formed on a portion of said upper side wall  250, a gate
electrode 260, and a P + source diffu- portion to provide isolation; and a
conductive elec-  sion 270. The insulation between the gate electrode trode
formed of a conductive material filling the   so  260 and the substrate as
well as the thin insulating remainder of said trench.
layer on top of the drain diffusion 250 and source The present invention
also relates to a method  diffusion 270 is shown schematically as a single
of producing a semiconductor trench capacitor      thin insulation layer
215. To the left of the drain structure having an isolation region formed
within  250, there is shown a partial section of a Recessed its trench,
said method comprising: forming a   as  Oxide layer 299 which can be used
to support and trench in a semiconductor substrate, said trench   insulate
additional memory array circuitry (e.g. wor- defined by a bottom wall and a
side wall having an  dlines and bitlines, not shown). Adjacent to the upper
side wall portion and a lower side wall por-  source diffusion 270 is a
semiconductor trench 3    



5                 EP 0 265 616 B1                     6 capacitor cell 240
of the present invention. The   has been formed on top of the thin
insulation layer semiconductor trench capacitor cell 240 is insu-   215,
and has been patterned to allow a trench 560 lated from the semiconductor
substrate 210 by a    to be formed down into the semiconductor sub- thin
insulation layer 290, and is isolated from adja-  strate 210. The trench
560 can be formed via ent semiconductor trench capacitor cells by side-   5
known  semiconductor methods, for example, wall defined, thick isolation
layers 340 and 350.   reactive-ion-etching (RIE) in a chlorine gas. The
Also shown for illustration is another semiconductor  trench 560 is defined
by a bottom wall 655, and a trench capacitor cell 310. The semiconductor
side wall 650 having an upper side wall portion 660 trench capacitor cell
310 is also insulated from the  and a lower side wall portion 670. These
side walls semiconductor substrate 210 by a thin insulation   10  are
defined by an etch to be described below. In a layer 330, and is isolated
from adjacent devices by  preferred embodiment, the upper side wall portion
thick isolation layers 380 and 390. Both semicon-  660 occupies
approximately the top 10% to 20% of ductor trench capacitor cells are
filled with a P +  the side walls 650, and the lower side wall portions
doped conductive polysilicon 280 and 320 respec-   670 occupies
approximately the lower 80% to 90% tively.
15  of the side walls 650. However, it should be noted As can be seen by a
comparison of the          that these percentages are only exemplary of the
present invention in Figure 2 with the prior art   preferred embodiment,
the present invention also device in Figure 1, the Recessed Oxide isolation
being useful with other upper and lower side wall layer 100 between
adjacent semiconductor trench    arrangements. capacitor cells 40 and 110
in Figure 1, has been   20  It should also be noted that the vertical cross
supplemented by an alternative structure. Instead  sections of the trench
constructions in the present of relying solely upon a Recessed Oxide
isolation  application have been illustrated as rectangular to layer
disposed on the surface of the substrate to  simplify the description. The
scope of the present isolate adjacent semiconductor trench capacitor
invention is by no means meant to be limited to cells, the isolation
structure of the present invention   25  trench constructions of this
geometric shape. In is formed within the trench. By forming an isolation
fact, in using practical semiconductor methods, the structure that is
self-aligned to the trench side  formation of a perfectly rectangular
trench is prob- walls, extra chip space that was devoted to isolat-  ably
impracticable; the trench is much more likely ing the trench from the
channel of the adjacent    to have a vertical side wall which merges to
form a transistor device is no longer needed. In effect,  30  round cupped
bottom rather than a perpendicular since the isolation is defined by the
trench side  flat bottom. wall itself, the trench can now abut the channel
of   In the next step of construction shown in Figure an adjacent
transistor. This greatly increases the  3C, a thin insulating layer 290 is
formed along the size of the trench capacitor, enhancing its charge  trench
side walls 650. This thin insulating layer 290 storage capacity.
35   may be formed by known semiconductor methods, A comparison of Figs. 1
and 2 does not imme-    for example, oxidation growth or chemical-vapor-
diately reflect the advantages of the invention. That  depositing. This
insulating layer may be comprised is, as shown in the particular
cross-section of Fig.  of silicon oxide, silicon nitride, or a composite of
2, (i.e. from top-to-bottom of the overhead view of  both materials. Next
in Figure 3D the trench 560 is the invention as shown in Fig. 5), the cell
area of  40  filled with a polysilicon fill 580. The polysilicon fill the
invention appears to be equivalent to that re-  580 is doped with boron to
form a P + conductive alized by the prior art cell as shown in Fig. 1.
material which will facilitate the storage of charge However, as will be
described in relation to Figs. 4  in the final semiconductor trench
capacitor struc- and 5, the capacitor-to-adjacent transistor device  ture.
Note that the polysilicon fill 580 is insulated spacing is greatly
decreased by utilization of the   45  from the semiconductor substrate 210
by the thin present invention.                                 insulating
layer 290. Turning now to Figure 3A, an illustration is       After the
trench 560 has been filled with the shown of the beginning step in
constructing a      polysilicon fill 580, a portion of the polysilicon 580
semiconductor trench capacitor cell of the present  is removed from the
trench 560, exposing the invention. A semiconductor substrate 210 is shown
so  upper portion of the trench side walls. The point at with an N- well
230 formed in the P + substrate    which the removal is terminated will
define the top 220. A thin insulation layer 215 is then formed    of the
trench lower side wall portions 670. This is along the surface of the
semiconductor substrate   shown in Figure 3E, and in the preferred embodi-
210 via known semiconductor methods, for exam-     ment the polysilicon
fill 580 would be left in the ple, via oxidation growth or
chemical-vapor-deposi-  55  lower 80% of the trench 560. After the
polysilicon tion.                                              fill 580 has
been removed to this level, thick isolat- Turning now to Figure 3B, the
next step of      ing layers 340 and 360 are formed along the trench
construction is shown. A masking oxide layer 550   upper side wall portions
660. These thick isolating 4    



7                 EP 0 265 616 B1                        8 layers 340 and
360 are formed by chemical-vapor-   of the semiconductor substrate 210.
Thus, there is deposition of a conformal isotropic isolating layer,  formed
a trench capacitor cell having an isolating such as silicon oxide, followed
by an anisotropic  structure 340, 350 and 360 within its trench. etch (e.g.
RIE) that removes the horizontal portions   The formation of the transistor
shown in Figure of the oxide without removing the vertical portions   5   2
is not herein described, its formation being well coated on the side walls
of the trench. In a pre-  known in the art. It should be noted that during
the ferred embodiment, the thick isolating layers 340  anneal cycle that
drives in the P + dopants to and 360 would be formed along the trench upper
define the drain diffusion, dopant ions will diffuse side wall portions
with a thickness of about 150   from the refill polysilicon 800 into the
adjacent nm. Note that these thick isolating layers 340 and   10  substrate
portion to define the source diffusion 270. 360 effectively correspond to
the recessed oxide   The "buried contact" is now defined by the por-
isolating layer 100 in Figure 1, yet the thick isolat-  tions of source
diffusion 270 and polysilicon refill ing layers 340 and 360 represent an
isolation struc-  800 that are in contact with one another. ture formed
within the trench.                         As an illustration of the
increased capacitor After the thick isolating layers 340 and 360 are  15
size and the more efficient use of semiconductor formed as shown in Figure
3E, a layer of photores-  substrate area, two additional figures are shown.
ist 700 is formed along the top of the semiconduc-  Figure 4A shows a
magnified top plan view of a tor substrate 210, including the trench 560.
The   portion of a dynamic memory array constructed on resist 700 is
exposed and developed to expose a    a semiconductor substrate 400 using
the prior art portion of the thick isolating layer 360 and the thin  20
Recessed Oxide isolation approach. In looking insulating layer 290. As
shown in Figure 3F, the   downward toward the top surface of the semicon-
exposed oxide layers are then removed. This re-    ductor substrate 400,
there is shown the outline of moval can be conducted via known
semiconductor     the side walls of two memory cell capacitors in- methods,
for example, reactive ion etching (RIE) in  dicated by the thin dashed
lines 405 and 410. a gas. After the portion of the thick isolating layer
25  Shown running from left to right are wordlines 415 360 and the thin
insulating layer 290 has been     and 420. It should be noted that the
wordlines are removed, the resist 700 is then removed. The step  formed of
a polysilicon material that defines the shown in Figure 3F is used to
define a "buried     gate electrode 60 of the device shown in Figure 1.
contact" that couples the source diffusion region  The wordlines 415 and
420 are separated from the 270 to the polysilicon inside the trench. As
shown   30  top surface of the semiconductor substrate by an in the
aforementioned EP-A-0 167 764, this mask    oxide layer. Next, shown
running from top to bot- step could be eliminated by providing a separate
tom are bitlines 425 and 430. These bitlines are conductor layer on top of
the substrate to form a  normally of a metal material, and are separated
"bridge contact" that couples the source diffusion  from the wordlines and
semiconductor substrate by to the poly-filled trench. In the present
invention,  35  another oxide layer. The wordline 415 and the both the
"buried contact" and the "bridge contact"  bitline 425 are associated with
the memory cell are contemplated. The depicted buried contact em-
capacitor 410, while the wordline 420 and bitline bodiment is preferred.
After the resist 700 has    430 are associated with the memory cell
capacitor been removed, the upper portion of the trench 560  405. Thus,
adjacent memory cells are coupled in a is refilled with a polysilicon
refill 800. This is shown   40  staggered relationship with respect to both
the wor- in Figure 3G.                                      dlines and the
bitlines. The operation of the word- Once the upper portion of the trench
560 has   lines and bitlines are not of importance with a been refilled and
the masking oxide layer 550 has  description of the present invention, so
their opera- been removed, the top surface of the polysilicon   tion will
not be described. However, the bitline and refill 800 is removed (or
planarized) to a level  45   wordline illustrations are of importance in
noting the slightly below the level which coincides with the  device
spacings which are required when the prior top level of the silicon
substrate 210. See Figure  art Recessed Oxide approach is used as shown in
3H. Once the polysilicon refill 800 has been slightly  Figure 4A. In
particular, with the Recessed Oxide removed, a thick isolating layer 350 is
formed     approach, there is a minimum distance [err] which along the top
of the trench 560. In a preferred   so   must be maintained between the
memory cell ca- embodiment, the thick isolating layer 350 is formed
pacitor 410 and the gate electrode of the adjacent to a thickness of
approximately 150 nm. If the     memory cell as defined by wordline 420.
This "bridge contact" embodiment is used, the conduc-   minimum distance
must be maintained to avoid tive material would be deposited and patterned
to  electrical interferences (i.e. leakage from the chan- form the bridge
contact, and isolation layer 350  55  nel region of the adjacent memory
cell). These would be deposited on top of the bridge contact.   minimum
distance requirement leads to much The top surface of the thick isolation
layer 350 can  wasted semiconductor substrate area as can be then be
planarized to coincide with the top surface  seen in the top plan view of
Figure 4A. 5    



9                 EP 0 265 616 B1                    10 The present
invention realizes great improve-   510 is much wider (i.e. longer in the
left-to-right ment in the increased efficient usage of semicon-  dimension)
than is capacitor 410 as shown in Fig- ductor substrate area. In Figure 5A,
there is shown  ure 4B. In practice, in the array shown in Figure a
magnified top plan view of a portion of a dynamic  5A, both of the short
sides of the rectangular- memory array constructed on a semiconductor   5
shaped capacitor 410 will abut the channel regions substrate 500 using the
trench isolation approach   of adjacent memory cell transistors.
Furthermore, of the present invention. In a layout manner similar  note
from Fig. 5A that the buried contact between to that shown and described
for Figure 4A, there is  the poly filled trench and the source diffusion of
the shown memory cell capacitors 505 and 510, word-    associated FET (i.e.
the portion of the trench side lines 515 and 520, and bitlines 525 and 530.
In  io   walls in which the side wall defined isolation layers Figure 5A,
wordline 515 and bitline 525 are asso-  are partially removed) is located
at approximately ciated with the memory cell capacitor 510, while   the
midpoint of the long side of the trench, far wordline 520 and bitline 530
are associated with   removed from the channel regions of the adjacent
memory cell capacitor 505. Again, the memory       transistors. cells are
connected in a staggered relationship with  15  As a result of the
hereinbefore mentioned em- respect to both the wordlines and the bitlines.
In  bodiments of the present invention, a semiconduc- Figure 5A, the memory
cell capacitors 505 and 510  tor trench capacitor cell is furnished having
its have been constructed using the trench isolation   isolation structure
formed within and self-aligned to approach of the present invention.
Several advan-  the trench side walls. With the isolation structure tages
are realized as can be easily seen in the top   20  formed within the
trench, capacitor cell size can be plan view of Figure 5A. First, the
memory cell     increased, thus facilitating the construction of mem-
capacitor size is shown to have been increased by  ory arrays which can be
more density packed. a factor of approximately 3 in the lateral (i.e.,
left-  Utilizing the trench capacitor structure of the to-right) direction.
The capacitor has assumed an  present invention, other array layout
embodiments elongated, rectangular shape as opposed to the   25  can be
constructed that maximize cell area while square shape in the prior art as
shown in Figure   minimizing chip space. In the layout embodiment 4A. As
the size of the memory cell capacitor has   of the invention as shown in
Fig. 5A, ROX regions been increased, so has its charge storage capacity.
are still formed between adjacent trench capacitors. This is due to the
elimination of a ROX region in  In the layouts shown in Figures 6 and 7,
these this direction, as described below.           30   ROX regions are
eliminated. In Fig. 6, the capaci- Next, as can be seen in Figure 5A, the
mini-   tors 505, 510 are reconfigured so that they are mum distance d2
required between the memory        perpendicular to the wordlines 515, 520.
That is, cell capacitor 510 and the gate electrode of the   the
trench-to-trench spacing is now a function of adjacent memory cell as
defined by wordline 520    defining a space for the source diffusion,
rather is effectively equal to zero. That is, since the   35  than defining
a ROX region as in Fig. 5A. In an- isolation is self-aligned with respect
to the inside  other layout embodiment of the present invention edges of
the capacitor, the capacitor can now abut  as shown in Fig. 7, the metal
bitlines 525, 530 of the channel region of the adjacent device without
Fig. 5A are replaced by diffused bitlines and a leakage concerns. In fact,
the memory cell capaci-  metal wordline 515B runs through the central por-
tor 510 and adjacent memory cells' bit line (530)  40  tion of the layout.
Again, there is no ROX region are able to be slightly overlapped. Thus, It
can be  between adjacent capacitors. seen that the trench isolation
approach of the present invention results in a more efficient use of
Claims the semiconductor surface area. The advantages of the present
invention are  45  1. A semiconductor trench capacitor structure most
clearly shown by a comparison of Figure 4B       (240), comprising: and
Figure 5B. Figure 4B is a cross-sectional view     a semiconductor
substrate (210); taken along lines A-A in Figure 4A. The space [err]
a trench (560) formed in said semiconductor in Figure 4A is shown as a ROX
region in Figure        substrate (210), said trench (560) having a 4B that
separates the channel region of the gate  so   bottom wall (655), a side
wall (650) having an electrode from the capacitor 410. Figure 5B is a
upper side wall portion (660) and a lower side cross-sectional view taken
along lines B-B' in Fig-    wall portion (670); ure 5A. Note that there is
no ROX region cor-          a thin insulating layer (290) formed on said
responding to the ROX region in Figure 4B such         bottom wall (655)
and said lower side wall that the capacitor 510 abuts the channel region
55   portion (670); beneath the gate electrode of the transistor of the
a thick isolating layer (340, 360), providing for adjacent memory cell.
Also, because there is no        Isolation to neighboring structures,
formed ROX region to consume chip area, the capacitor         on at least
part of said upper side wall portion 6    
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invention realizes great improve-   510 is much wider (i.e. longer in the
left-to-right ment in the increased efficient usage of semicon-  dimension)
than is capacitor 410 as shown in Fig- ductor substrate area. In Figure 5A,
there is shown  ure 4B. In practice, in the array shown in Figure a
magnified top plan view of a portion of a dynamic  5A, both of the short
sides of the rectangular- memory array constructed on a semiconductor   5
shaped capacitor 410 will abut the channel regions substrate 500 using the
trench isolation approach  of adjacent memory cell transistors.
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midpoint of the long side of the trench, far wordline 520 and bitline 530
are associated with   removed from the channel regions of the adjacent
memory cell capacitor 505. Again, the memory       transistors. cells are
connected in a staggered relationship with  15  As a result of the
hereinbefore mentioned em- respect to both the wordlines and the bitlines.
In  bodiments of the present invention, a semiconduc- Figure 5A, the memory
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formed within and self-aligned to approach of the present invention.
Several advan-  the trench side walls. With the isolation structure tages
are realized as can be easily seen in the top   20  formed within the
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more density packed. a factor of approximately 3 in the lateral (i.e.,
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The capacitor has assumed an   present invention, other array layout
embodiments elongated, rectangular shape as opposed to the   25  can be
constructed that maximize cell area while square shape in the prior art as
shown in Figure   minimizing chip space. In the layout embodiment 4A. As
the size of the memory cell capacitor has   of the invention as shown in
Fig. 5A, ROX regions been increased, so has its charge storage capacity.
are still formed between adjacent trench capacitors. This is due to the
elimination of a ROX region in  In the layouts shown in Figures 6 and 7,
these this direction, as described below.            30   ROX regions are
eliminated. In Fig. 6, the capaci- Next, as can be seen in Figure 5A, the
mini-   tors 505, 510 are reconfigured so that they are mum distance d2
required between the memory        perpendicular to the wordlines 515, 520.
That is, cell capacitor 510 and the gate electrode of the   the
trench-to-trench spacing is now a function of adjacent memory cell as
defined by wordline 520    defining a space for the source diffusion,
rather is effectively equal to zero. That is, since the   35  than defining
a ROX region as in Fig. 5A. In an- isolation is self-aligned with respect
to the inside  other layout embodiment of the present invention edges of
the capacitor, the capacitor can now abut  as shown in Fig. 7, the metal
bitlines 525, 530 of the channel region of the adjacent device without
Fig. 5A are replaced by diffused bitlines and a leakage concerns. In fact,
the memory cell capaci-  metal wordline 515B runs through the central por-
tor 510 and adjacent memory cells' bit line (530)  40  tion of the layout.
Again, there is no ROX region are able to be slightly overlapped. Thus, it
can be  between adjacent capacitors. seen that the trench isolation
approach of the present invention results in a more efficient use of
Claims the semiconductor surface area. The advantages of the present
invention are  45  1. A semiconductor trench capacitor structure most
clearly shown by a comparison of Figure 4B        (240), comprising: and
Figure 5B. Figure 4B is a cross-sectional view     a semiconductor
substrate (210); taken along lines A-A' in Figure 4A. The space [err]
a trench (560) formed in said semiconductor in Figure 4A is shown as a ROX
region in Figure        substrate (210), said trench (560) having a 4B that
separates the channel region of the gate  50   bottom wall (655), a side
wall (650) having an electrode from the capacitor 410. Figure 5B is a
upper side wall portion (660) and a lower side cross-sectional view taken
along lines B-B' in Fig-    wall portion (670); ure 5A. Note that there is
no ROX region cor-          a thin insulating layer (290) formed on said
responding to the ROX region in Figure 4B such         bottom wall (655)
and said lower side wall that the capacitor 510 abuts the channel region
55    portion (670); beneath the gate electrode of the transistor of the
a thick isolating layer (340, 360), providing for adjacent memory cell.
Also, because there is no        isolation to neighboring structures,
formed ROX region to consume chip area, the capacitor         on at least
part of said upper side wall portion 6    



11                EP 0 265 616 B1                        12 (660) such that
It extends Into said trench        first direction and having source, gate,
drain (560), the outer part of said thick isolating      electrodes, and a
channel region below the layer (340, 360) being aligned to the side
gate, and a trench storage capacitor (505, wall (650) of the trench (560);
and                510) formed in a semiconductor substrate, a conductive
electrode formed of a conductive   5  said capacitor (505, 510) being
coupled to one material (580, 800) filling said trench (560).      of the
source and drain electrodes of the tran- sistor, said array comprising: 2.
A semiconductor trench capacitor (240) struc-       a plurality of
wordlines (515, 520) disposed in ture as claimed in claim 1, further
comprising:    a second direction orthogonal to said first di- a second
thick isolating layer (350) formed on   10  rection, said wordlines
interconnecting the gate the top of said conductive electrode.
electrodes of the transistors of the cells in a staggered relationship; and
3. A semiconductor trench capacitor structure          a plurality of
bitlines (525, 530) disposed in (240) as claimed in claim 1, further
comprising:   said first direction, said bitlines (525, 530) in- a buried
contact for coupling said conductive   15  terconnecting one of the source
and drain electrode to a diffusion region (270) formed in    electrodes of
the transistors of the cells in a said  semiconductor substrate  (210),
said         staggered relationship; buried contact being formed by a part
of said      each of the storage capacitors (505, 510) com- upper side wall
portion (660) of said trench       prising side wall (650) that does not
have said thick   20   - a trench formed In said semiconduc- isolating
layer (340, 360) formed thereon.              tor substrate, said trench
having a bottom wall, a side wall having an 4. A semiconductor trench
capacitor structure as            upper side wall portion and a lower
claimed in claim 1, wherein said thick isolating        side wall portion;
layer (340, 360) is at least 75 nano-meters In  25    - a thin Insulating
layer formed on said thickness.
bottom wall and said lower side wall portion; 5. A dynamic memory cell,
comprising a transis-          - a thick Isolating layer formed on at tor
having source (270), gate (260) and drain           least part of said
upper side wall por- (250) electrodes and an associated trench ca-  30
tion such that It extends Into said pacitor (240) formed in a semiconductor
sub-            trench, the outer part of said thick strate (210), said
capacitor comprising:                Isolating layer being aligned to the a
trench (560) formed in the substrate (210),           side wall of the
trench; and said trench (560) having a bottom wall (655)          - a
conductive electrode formed of a and a side wall (650);
35           conductive  material  fillIng  said a dielectric layer (290)
formed on said bottom          trench; wall (655) and on lower portions
(670) of said     said thick Isolation layer being situated side wall
(650);                                   such that It provides for an
isolation to the a thick Isolating layer (340, 360), providing      abutted
channel region of an adjacent for Isolation to  neighboring structures   40
memory cell. (100, 310), formed on at least an upper portion (660) of said
side wall (650) such that it      7. An array of dynamic memory cells as
claimed extends Into said trench (560), the outer          in claim 6,
wherein each of the storage capaci- part of said thick Isolating layer
(340, 360)      tors (505, 510) has an elongated rectangular being aligned
to the side wall (650) of the   45   shape. trench (560); at least one
layer (580, 800) of doped poly-    8.  An array of dynamic memory cells as
claimed silicon filling said trench (560); and             in claim 6,
wherein each of the storage capaci- a buried contact for coupling a portion
of said    tors (505, 510) has two long sides and two doped polysilicon
layer (800) abutting a part of  50  short sides, each of said short sides
of each of said upper portions (660) of said side wall        the storage
capacitors abutting the channel (650) that does not have said side
wall-defined    region of the transistors of respective adjacent isolation
layer (340, 360) formed thereon to an    ones of the memory cells. adjacent
one (270) of the source and drain electrodes of the transistor.
55  9. An array of dynamic memory cells as claimed in claim 8, wherein each
of the storage capaci- 6. An array of dynamic memory cells, each of
tors is coupled to one of the source and drain said cells comprising a
transistor disposed in a   electrodes through a selected portion of its 7
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not have said thick isolation  halt: layer disposed thereon, said selected
portion      Einen Graben (560), der im Substrat (210) aus- being located
at approximately a midpoint of       gebildet ist, wobei dieser Graben
(560) eine one of said long side of said storage capacitor    Bodenfl~che
(655) und eine Seitenwand (650) walls.
5       aufweist; eine dielektrische Schicht (290), die auf dieser
PatentansprUche                                        Bodenfiache (655)
und an unteren Teilen (670) der Seitenwand (650) ausgebildet ist; 1. Eine
Halbleitergrabenkondensatorstruktur       eine dicke Isolierschicht (340,
360), die die (240), enthaltend:                         10      Isolierung
gogen benachbarte Strukturen (100, Ein Halbleitersubstrat (210);
310) besorgt und die mindestens an oberen einen in diesem
Halbleitersubstrat (210) ausge-    Teilen (660) der Seitenwand (650)
ausgebildet bildeten Graben (560), wobel der Graben (560)      ist, so daB
sie sich in den Graben (560) er- eine Bodenflache (655), eine Seitenwand
(650)      streckt, wobei der auBere Teil dieser dicken mit einem oberen
Seitenwandteil (660) und ei-  15  Isolierschicht (340, 360) nach der
Seitenwand nem unteren Seitenwandteil (670) aufweist;         (650) des
Grabens (560) ausgerichtet ist; eine donne Isolierschicht (290), die auf
dieser    mindestens eine Schicht (580, 800) dotierten Bodenflache (655)
und dem unteren Wandteil         Polysiliziums, die diesen Graben (560)
f1tilt; (670) ausgebildet ist;                             und eine dicke
Isolierschicht (340, 360), die die  20  ein vergrabener Kontakt zum
Ankoppeln eines Isolierung gegen die benachbarten Strukturen       Teils
dieser dotierten Polysiliziumschicht (800), besorgt und die auf wenigstens
einem Teil          die an einem Teil der oberen Teile (660) der dieses
oberen Seitenwandteils (660) ausgebil-      Seitenwand (650) anliegt, auf
der keine seiten- det ist, so daB sie sich in den Graben (560),
wanddefinierte Isolierschicht (340, 360) zu ei- den auBeren Teil der dicken
Isolierschicht  25     ner benachbarten (270) Source- oder Drain- (340,
360) erstreckt und gemaB der Seiten-         Elektrode des Transistors
ausgebildet ist. wand (650) des Grabens (560) ausgerichtet ist; und
6. Eine Anordnung dynamischer Speicherzellen, eine leitende Elektrode, die
aus leitendem Ma-     wobei jede Zelle eine Transistor enthalt, der in
terial (580, 800) besteht, das den Graben (560)  30  einer ersten Richtung
angeordnet ist und ausfUlilt.
Source-, Gate- und Drain-Elektroden sowie ei- nen Kanalbereich unter dem
Gate, und ferner 2. Eine Halbleitergrabenkondensatorstruktur (240)
einen Grabenspeicherkondensator (505, 510), gemrnB Anspruch 1, ferner
enthaltend:              der in einem Halbleitersubstrat ausgebildet ist,
eine zweite dicke Isolierschicht (350), die auf  35  aufweist, wobei dieser
Kondensator (505, 510) der leitenden Elektrode ausgebildet ist.
an eine der Source- oder Drain-Elektroden des Transistors gekoppelt ist,
wobei diese Anord- 3. Eine Halbleitergrabenkondensatorstruktur (240)
nung enthalt: gemaB Anspruch 1, femer enthaltend:                Eine
Vlelzahl von Wortleitungen (515, 520), die einen vergrabenen Kontakt zum
Ankoppein der  40    in einer zweiten Richtung senkrecht zu dieser
leitenden Elektrode an einen im Halbleitersub-     ersten Richtung
angeordnet sind und die Wort- strat (210) ausgebildeten diffundierten
Bereich    leitungen die Gate-Elektroden der Transistoren (270), wobei
dieser vergrabene Kontalkt durch      der Zellen In gegenseitig versetzter
Staffelung einen Tell des oberen Seltenwandteils (660)        verbindet;
und der Grabenseitenwand (650) gebildet wird, auf  45  eine Vielzahl von
Bitleitungen (525, 530) in dem keine dicke Isolierschicht (340, 360) aus-
dieser ersten Richtung angeordnet sind, wobei gebildet ist.
diese Bitleitungen (525, 530) eine der Source- und Drain-Elektroden der
Transistoren der Zel- 4. Eine Halbleitergrabenkondensatorstruktur (240)
len in versetzter Staffelung verbinden; gemrB Anspruch 1, in der diese
dicke Isolier-  50  wobei jeder der Speicherkondensatoren (505, schicht
(340, 360) mindestens 75 nm dick ist.      510) umfast: - einen Graben, der
im Halbleitersubstrat 5. Eine dynamische Speicherzelle, enthaltend ei-
ausgebildet ist und dieser Graben eine nen Transistor mit einer Source-
(270), einer           Bodenfl~che, eine Seitenwand mit einem Gate- (260)
und einer Drain-Elektrode (250)  55         oberen Seitenwandteil und einem
unter- und einem  zugeordneten Grabenkondensator               en
Seitenwandteil aufweist; (240), der in einem  Halbleitersubstrat (210)
- eine dlnne Isolierschicht auf dieser Bo- ausgebildet ist, wobei dieser
Kondensator ent-          denfifche und auf dem unteren Seiten- 8
U!IIIIj1W  IID nIIj n3fu    
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ausgebildet ist;                     ladlte tranch6e (560), la partle
externe de - eine dicke Isolierschicht auf wenigstens       ladite couche
Isolante 6palsse (340, 360) einem  Tell dieses oberen Seitenwand-
dtant allgnde avec Ia parol latirale (650) teils ausgebildet ist, so daB
sie sich in     de la trandh6e (560) ; et den Graben erstreckt, wobei der
auBere   5    une electrode conductrice composee d'un ma- Tell der dicken
Isolierschicht nach der       tdriau conducteur (580, 800) remplissant
ladite Seitenwand des Grabens ausgerichtet ist;      tranchde (560). und -
eine leitende Elektrode aus einem leiten-  2. Structure semi-conductrice
(240) de condensa- den Material ausgebildet ist, das diesen   io  teur a
tranchde selon la revendication 1, corn- Graben fOilt;
portant en outre: wobei die dicke lsolierschicht so angeordnet       une
seconde couche isolante 6paisse (350) ist, daB sie die Isolierung gegen den
anliegen-    am~nag~e sur le dessus de ladite 6lectrode den Kanalbereich
einer benachbarten Spei-          conductrice. cherzelle liefert.
t5 3. Structure semi-conductrice (240) de condensa- 7. Eine Anordnung
dynamischer Speicherzellon           tour a tranchee solon la revendication
1, corn- gernmB Anspruch 6, in der jeder Speicherkon-       prenant en
outre: densator (505, 510) elne langliche, rechteckige    un contact
enterr6 pour le couplage de ladite Form aufweist.
20       6lectrode conductrice a une r6gion de diffusion (270) am~nag6e
dans ledit substrat semi- 8. Eine Anordnung dynamischer Speicherzollen
conducteur (210), ledit contact enterr4 etant gemaB Anspruch 6, in der
jeder Speicherkon-        form6 par une portion de ladite partie de parol
densator (505, 510) zwei lange und zwei kurze      laterale sup~rieure
(660) de ladite paroi laterale Seiten aufweist, wobel jede kurze Seite
jodes   25  de tranchee (650) d~nu~e de couche isolante
Spoicherkondensators an den Kanalbereich           6paisse (340, 360). des
Transistors der jeweils benachbarten Tran- sistoren der Speicherzellen
anstoBt.           4. Structure semi-conductrice (240) de condensa- tour a
tranchde solon la revendication 1, dans 9. Eine Anordnung dynamischer
Spoicherzellen   30      laquelle ladite couche Isolante 6paisse (340,
gemaB Anspruch 8, in der jeder Speicherkon-        360) possbde une
6paisseur d'au moins 75 densator an oine der Source- bzw. Drain-Elek-
nano-mbtres. troden Ober eonen ausgewghlten Tell der Sei- tenwand gekoppelt
ist, auf der keine dicke      5. Une cellule de mdmoire dynarnique compor-
lsolierschicht abgelagert ist, wobel dieser aus-  35  tant un transistor
pourvu d'electrodes de sour- gewghfte Teil etwa in der Mitte elner der lan-
ce (270), de grille (260) et de drain (250) et un gen Seiten der
Speicherkondensatorwande go-        condensateur a tranch~e (240) associe
am6na- K>     legen ist.                                          g6 sur un
substrat semi-conductour (210), ledit condensatour comprenant:
Revendlcatlons                                40       une tranch6e (560)
realisee dans le substrat (210), ladite tranch~e (560) ayant une paroi 1.
Structure semi-conductrice (240) de condensa-       inf6rieure (655) et une
parol laterale (650); tour a tranchde, comprenant:
une couche di~lectrique (290) amenag6e sur un substrat semi-conducteur
(210);                 ladlIte parol Inf6rleure (655) et sur les parties
une tranchee (560) am~nag~e dans ledit subs-  45   inferieures (670) de
ladite parol laterale (650); trat semi-conducteur (210), ladite tranchde
une couche Isolante 6palsse (340, 360) (560) ayant une parol inferieure
(655), une pa-    formant Isolant par rapport aux structures roi lat~rale
(650) prdsentant une partle de paroi  volsines (100, 310), rdalis6e sur au
moins lat~rale supdrieure (660) et une partie de paroi   une partie
supdrieure (660) de ladite parol lat6- lat6rale inf6rieure (670);
50       rale (650) de sorte & s'tendre & Ii'nt6rleur une fine couche
isolante (290) r~alisde sur        de ladite tranch6e (560), la partle
externe ladite parol inf~rieure (655) et ladite partie do  de ladite couche
6palsse Isolante (340, parol lat6rale basso (670);
360) 6tant allgn6e par rapport & la parol une couche isolante 6paisse (340,
380), for-       latfrale (650) de la tranchee (560); mant Isolant par
rapport aux structures   ss       au moins une couche (580, 800) de
polysili- volsines, amdnagie sur au moins une partie         cium dop4
remplissant ladite tranchee (560) de ladite partie de paroi lat~rale
sup6rieure      et (660) de fagon A s'tendre Jusque dans              un
contact enterr6 pour le couplage d'une por- 9                   1
1:11111111111111111 11111111 1 1    
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couche de polysilicium dope     7. Un reseau de cellules de memoire
dynamique (800) aboutant une partie desdites parties su-    selon la
revendication 6, dans loquel chacun perieures (660) de ladite paroi
lat~rale (650)    des condensateurs de stockage (505, 510) qui ne comporte
pas ladite couche d'isolation     possbde une forme rectangulaire allongee.
(340, 360) definie par la paroi laterale jusqu'A   s une couche adjacente
(270) des electrodes de  8. Un reseau de cellules de mdmoire dynamique
source et do drain du transistor.                 selon la revendication 6,
dans loquel chacun des condensateurs de stockage (505, 510) 6. Un reseau de
cellules de m4moire dynamique,       possbde deux c8tes longs et deux cot6s
chacune desdites cellules comprenant un tran-  tO  courts, chacun desdits
cotes courts de chacun sistor disposd solon une premibre direction et
des condensateurs de stockage aboutant la pourvu d'4lectrodes de source, de
grille, et de   region canal des transistors des cellules m6- drain, et une
r~gion canal sous la grille, ainsi  moire adjacentes respectives. qu'un
condensateur de stockage (505, 510) a tranchde r6alis6 sur un substrat
semi-  15  9. Un rvseau de cellules de m6moire dynamique conducteur, ledit
condensateur (505, 510)         selon la revendication 8, dans lequel
chacun 6tant coupl6 A Iune des 6lectrodes de source      des condensateurs
de stockage est coupl6 & ou de drain du transistor, ledit rdseau compre-
l'une des lectrodes de drain ou de source a nant:
travers une partie d~terminde de sa paroi lat6- une pluralite de lignes de
mots (515, 520)  20    rale qui ne comporta pas ladite couche isolan-
dispos~es dans une seconde direction ortho-      to 6paisse, ladite partie
determin6e 6tant si- gonale a ladite premiere direction, lesdites li-  tuee
approximativement a mi-chemin de l'un gnes de mots interconnectant les
electrodes       desdits c8tds longs desdites parois de de grille des
transistors des cellules selon un   condensateur de stockage. motif decale
; et                         25 une pluralite de lignes d'elements binaires
(525, 530) disposdes selon ladite premibre di- rection, lesdites lignes
d'elements binaires (525, 530) interconnectant l'une des electrodes de
source et de drain des transistors des cellu-  30 les selon un motif
decale; chacun des condensateurs de stockage (505, 510) comprenant - une
tranch~e am6nag6e dans ledit substrat semi-conducteur, ladite tran-  35
ch6e comportant une parol Inf6rieu- re, une parol lat6rale pourvue d'une
partle sup6rleure et d'une partle tnfd- rleure; - une fine couche Isolante
amenag6e   40 sur ladite parol Int6rleure et sur ladl- to partle Inf6rleure
de parol lat6rale; - une couche Isolante 6palsse am6na- gde sur au molns
une portion de la- dite partle supdrteure de parol latera-  46 le de fagon
& s'6tendre dans ladits tranch6e, la parte externe de ladite couche
Isolante 6palsse etant all- gn6e avec la parol laterale de la tran- ch6e;
et                             50 - une 6lectrode conductrice r6alls6e dans
un mat~rau conducteur rem- plissant ladite tranch6e ; ladite cou- che
d'isolatlon epalsse 6tant sltu6e de sorte & former un Isolant par rap-  55
port A la r6glon de canal volsine d'une cellule mdmolre adjacente.
10~~~~I11111111111| 11|    


