DE-S{ R PT I O NDOUBLE GRID AND DOUBLE WELL SUBSTRATE PLATE SI";EWP Cﬁlm 4
DRAM CEL1* ‘ARRAY ,This invention relates to sem conductor nenory devi ces and

parti cu'l"ar |y to,high density dynamic random access nmenory cells and net hods

for their manuf&cture in sub-mnicron technol ogi es.- Designers of technol ogi es

for produci ng sem conductor devices have been continually pressured to

i ncrease effective device densities in order to remain cost and performance
conpetitive. As a result, VLSl and ULSI technol ogi es have entered the

sub-m cron real mof structural dinensions and now are designing

technol ogies in the deep subm cron.featlure size range. In the foreseeable
future absolute atomc physical |imts wll be reached in the conventi onal

t wo- di nensi onal design approaCthQ Ssgr‘ricpri,d&lchf Hdevi ce

DOUBLE GRID AND DOUBLE WELL SUBSTRATE PLATE TRENCH DRAM
CELL ARRAY

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

Designers of technologies for producing semicenductor

devices have been continualiy pressured to increase _ .
effective device densities in order to remain cost and
performance competitive. As & result, VLSI andé ULSI
technologies have entered the sub-micron realm of
structural dimensions and now are designing
technologies in the deep submicron feature size range.
In the foreseeable future absolute atomic physical
limits will be reached in the conventional
two-dimensional design approach to semiconductor device
design. Traditionally, Dynamic Random Access Memary
(DRAM) designers have met the severest of challenges in
advancing technologies by pushing the limits cf feature
size resolution with each generation of DRAM. "For
exaﬁple, designers of 64K bit DRAMs were perplexed to
learn that a practical physical limit to charge
capacity of storage capacitors in planar cell layouts
had already been reached due to the minimum charge
capacity required to zllow reliable data signzl sensing
k in the presence of naturally occurring atomic particle
3 radiation inherently present in fabrication materials
and the operating environment. Storage capacitors in
the range of avout 50 fF were consicdered to ke a
physiczl limit. From a practiczl view, this limitation
prevented a continuation of the sciling of DRiY
dimensions and voltages initiated i; the early 19280s. '
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desi gr. Fraditionally, Dynam c Random Access Menory (DRAM designers have
met thef severest of challenges in advancing technol ogi es by pushing the
limts of feéature size resolution with each generation of DRAM ' For

exanpl e, designers of 64K bit DRAMs were perplexed to learn that a
practical physical limt to charge capacity of storage capacitors in planar
cell layouts had already been reached due to the m ni num charge capacity
required to allow reliable data signal sensing in the presence of naturally
occurring atomc particle radiation i nhgr_ently present in f. abrication

materi al's and the operating environnent.” Storage capacitors in the range of
about 50 fF were considered to be a physical |limt. Froma practical view,
this limtation prevebi®d ia Contsunfiadd atedfoft Bemimalidetyy of DRAM di nensi ons

and vol tages i ”ité&ﬂé@?aéé‘ut&i%%éﬁaﬁby%ﬁ£9§£§h s@LEéé%lcQS£¥é¥%Z has
been severely restricted. Due to deceases in the
thickness of reliable capacitor dielectric materials,
existing 1 Megabit (1Mb) DRAM technologies continue to
enjoy the freedom of planar, two-dimensional device and
circuit design. Beginning with 4Mb DRAMs, the world of
three-dimensional design has been utilized to the
extent that the simple single device/capacitor memorvy
cell has been zltered to provide the capacitor in a
vertical dimension. In such designs, the capacitor has
been formed in a trench formed in the surface of the
semiconductor substrate. 1In vet denser designs, cther
forms of three-dimensional capacitors have Leen
proposed, such as stacking the plates of the capacitcr
above the transfer device. Such designs, however,
vresent difficulties in forming the interconnections to
the required word access and data bit lines to the DRAM
memory cell. Additional cesigns have been proposeé in
which the transfer device and its associated capacitor
are both formed within & trench of preferably minimum
feature size. Currently, insurmountable processing
difficulties make such cdesigns impractical for prcduct

manufacturing processes.

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

in. 16Mb Gesigns.
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REPLAGED -SHEETS SG -2- Reduction in the surface area of sem conductor
substrat e: ut|||zed by the DRAM st orage capacitor has been severely
restricted. Due to deceases in the thickness of reliable capacitor
dielectric materials, existing 1 Megabit (1Md) DRAM technol ogi es conti nue
to enjoy the freedom of planar, two-dinmensional device and circuit design
Begi nning with 4Mb DRAMs, the world of three-dinensional design has been
utilized to the extent that the sinple single devicel/capacitor nenory cel
has been altered to provide the capacitdr in a vertical dinmension. In such
designs, the capacitor has been fornmed in a trench forned in the surface of

the ' The following references describe various aspects of
prior art technigques used in DRAM and other

semiconductor technologies.

The article “Trench and Compact Structures for DRAMs"
by P. Chatterjee et al., International Electron Devices
Meeting 1986, Technical Digest paper 6.1, pp. 128-131,
describes variations in trench cell designs through
16Mb DRAM designs, including the Substrate Plate Trench
{SPT) cell described in more detail in U.S. Patent -
4,688,063 issued August 18, 1987 to Lu et al. and
assigned to the assignee of the instant invention. The
SPT cell uses a hlghly conductive substr=t° as the DRAM
cell plate. The storage node of each cell is formed in
& deep trench in the substrate. U.S. Patent 4,801,988
issued January 31, 1589 to Kenney describes an improved
SPT cell which includes a thick isolation region formed
within the trench to enable higher density packing of
DRAM cells. The article “"CMOS Semiconductor Memory
Structural Mcdification to Allow Increzsed Memory
Charge" anonvmous, IBM Technical Disclosure Bulletin,
vol. 31, No. 11, April 1989, pp.162-5, teaches &
method of isclating the substrate plate of an SPT cell
from support devices by providing a burieé region uncer
support devices in order to zllow the plate reference
voltége to e separately biasad at an cptimum VA&é/2

volts.

U.S. Patent 4,912,054 issued March 27, 1990 to
Tomassettl describes methods of isolating bipolar-CMOS
circuit.devicas through the use of various epitaxiz

avers as commonly found in bipolar device technoclogies.
The article "A 45-ns 16-Mbit DREAM with Triple-well

tructure" db¥ S. Fujii et &l., IEEE Journzl of .

n wn

0lic¢-State Circuits, Vol. 24, No. 35, Cciober
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sem cgnductor substrate. In yet denser designs, other forns of
t hr ee- di nensi onal capacitors have been proposed, such as stacking the
pl ates¥of the capacitcr above the transfer device. Such designs, however,
present difficulties in form ng the interconnections to the required word
access and data bit lines to the DRAM nenory cell. Additional designs have
been proposed in which the transfer device and its associ ated capacitor are
both formed within a trench of preferably mninum feature size. Currently,
i nsur nount abl e processing difficultié&s*nake such designs inpractical for
product manufacturing processes. A |large nunber of proposals for 16M and
gr eat ﬁr dﬂnSi tyhml/éM pﬁ.g|lh7&@ii7g?5dér%%¥§b@§/(€legﬁﬁq%f@9tidlui ngI de\éel oprment  of
trench cell technol.o ecause e _existence.o r eakage
mechani sns knomnlst%ag%ngprv 8§1e°?ﬁs gﬁf%errgﬁghéuélggé%fatlofle‘g%%ug Tes. As these

in which the entire array of trench DRAM cells is

_formed within a surface implanted P-well.

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

LU

I

trench DRAM.

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

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

SIsned

Hh

storage node of the cell and z shezth plate are
in & single trench. At the bottcm of the trench a
ciffusion of opposite type from the substrate is formed
such that the diffusions of adjzcent cells interconnsct
forming a grid-like structure. One or more trenches
not asscciated with &z DRAM cell is Iormed to act as &
raezch through to enatle the doped region t
: 1

gur
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+ 2 suitable reference voltsge. F
rly illustrates the grid-like aspec
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| eakage mechani sms have beconme known,

desi gns_have been used successfully in 16M desi gns.

extensions of trench DRAM cel |l s

BU 991 026/ 037 - 3-

The folromﬁnb ref erences describe various aspects of prior art techniques

used in DRAM and ot her sem conductor technol ogi es.
DRAMS" by P. Chatterjee et al.,

Conmpact Structures for
.El ectron Devices Meeting 1986, Techni cal

descri bes variations in trench cel

The article "Trench and
_ | nt ernat.i ona
Di gest paper 6.1, pp. 128-131,

desi gns through 16Mo DRAM desi gns,

i ncluding the Substrate Plate Trench Q?PT) cell desecribed in nore detail in

U S. Patent

region. European published application 0 283 964,
published September 28, 1988 describes a buried plate

SPT DRAM cell in which an out~diffused region from the

" DRAM trenches, similar to that in Kaga et al., in which

the diffused region forms the plate of
a grid-like region is formed and is

As in Kaga et al.

contacted by & non-cell trench.

the SPT cell.

U.S. Patent 4,873,560

issued October 10, 1989 to Sunami et al, describes yet
another buried plate SPT cell in which the access

transistor is formed in the cell trench.

FIG. 30,

- thereof, and its related text, describes the impertance
of maintaining the grid-like structure of the buried
region in order to enable proper operation of the

cell transfer device.

Sunami et al,

further cautions

that in the event that opening in the grid-like
buried region should be “"filled by the depletion
layer" .isolating the surface devices from the

substrate a'separate connection can e made to the

"jsolated" surface region in order to bias it to the

same potentizl as the substrate.
215 $13 A, published September 27, 1989

tion GB 2

UK Patent 2Zpplica-

describes yet another variation in the buried SPT

DRAM cell desicn in which the dopant for the buried
region is prcvided by ion implantation into the
sidewalls of the deep trench of the DRAM cell.

Finally, U.S.

Patent 4,794,434 issued December 27, _

1988 to Pelley, describes a buried plate SPT DRAM

cell formed using bipolar device processing methods

in which the buried plate region is formeé fron

puried sub~collector

bipclar transistor.

structure normally part o
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While the above clied references illustrate the Giversse

and concentrated efforts made by DRAM designers in

3U 981 026/037
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4,688, €63 i ssued August 18, 1987 to Lu et al.

“of the j{nstant invention. The SPT cell uses a highly conductive substrate

as the

trench in the substrate.

i
M cel |

and assigned to the assignee

pl ate. The storage node of each cell is formed in a deep

U S. Patent 4,801,988 issued January 31, 1989 to
Kenney descri bes an inproved SPT cell which includes a thick isolation

region formed within the trench to enabl e higher density packing of DRAM
cells. The article "CMOS Sem conductor Menory Structural Mdification to

Al l ow I ncreased Menory Charge" anonynpus, |BM Technical Disclosure
31, No. 11, April 1989, pp.162-5, teaches a nethod of
from support devices by

Bul | eti n,

i sol ating the substrate plate of an SPT cel

Vol .

provi di ng a buri eantiyiipa imdedueq shoriizgevdndedneyeasedthe to al |l ow t he plate

ref erence vol tagae_hﬁdg;e seprAnt & M shi msedpadvide o icapabMddi2tyvol ts.

carry DRAM technology into the sub-0.5 um feature size
range, a feat which must be achieved in order to

continue the two decade “tradition" of providing ever
increasing density of DRAM technology. DRAM designers

have turned to the process-complicating use of “stacked

capacitor™ DRAM cells knowing that the addition of
processing steps decreases the manufacturability of a

specific desiagn.

Referring to FIG. 1, there is shown & schematic
cross-sectional view of the basic Substrate Plate

. Trench (SPT) DRAM cell described in U.S. Patent

4,688,063 to Lu et al. entitled “"Dynamic RAM Cell
with MOS Trench Capacitor in CMOS". A P+ type

~ semiconductor substrate 10 is providecd with =

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

diffused ncdée 20 to the pizte 24.

Manufacturing experience has shown that the SPT DRAM

serfcrmance limitations of P-array trensfer devices

BU 981 026/027



U. S. Patent 4,912,054 issued March 27, 1990 to Tomassetti describes nethods
of i1solating )bipolar-CMOS circuit devices through the use of various

epi taxial layers as comonly found in bipolar device technol ogies. The
article "A 45-ns 16-Mit DRAMwi th Triple-Well Structure” by S. Fujii et
al., [IEEE Journal of. Solid-State Grcuits, Vol..-..24, No. 5, Cctober BU 991

026/ 037 -4- 1989, pp. 1170-1175, describes techniques for isolating
various different functional device types'in which the entire array of
trench DRAM cells is formed within a_surface inplanted P-well. U S. Patent
4,829,017 issued May 9, 1989 to Ml hi

and the existence of a parasitic device formed by

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

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

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

- removed.

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

yield.

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

processing technologies.

The present 1nventlon relates tc methods for provi
2 cell design in which zll of the historically limj
parameters of DRAM cells are dealt with in z unifylng

'O-'f.'l.
n

mannef to provide & near optimum design in which charge
lezkage factors are minimized anéd device bias '
conditions are optimized. The invention includes &
substrate plate trench DRaM cell array in which &
buried region is used tc electrically ané rhysiczily
isolate regions in a semiconductor substrats such that
the cell transfer cdevice can be operated independently
from other support devices formed in the substrate.

Sheet Has Been R laced

T



describes a:nethod of forming a buried doped layer in a.substrate by

form ng,a shallow trench, protecting its sidewalls, further extending the
trench and finally doping the walls of the extended trench to form a

conti nuous doped region useful as the storage node of a trench DRAM The
article "New Wel|l Structure for Deep Sub-m cron CMOS/ Bi CMOS Using Thin

Epi taxy over Buried Layer and Trench Isolation" by Y. Okazaki et al.,.1990
Synposi um cn VLSI Technol ocy, Digest of Technical Papers, paper 6C- 4, pp.
83-4, describes the use of buried epitaxial l|ayers to isolate surface
devices fromthe substrate. The foll ow ng references relate specifically to
variations in SPT DRAM cells in which a buried region of oppesite .
conductivity typeub-balf mdcsebSertitee iss zes edeauspdecpdmeratffelivhe DRAM

storage capacit ohyithy prefiahsly Khodd Ge2BRidfesues iBbide 15.7511115%.%0 to Kaga et

al. buried isolation layer.

The invention also includes a substrate plate trench
DRAM cell array in which a double well structure is
formed as part of an electrically and physically
isolated region in a semiconductor substrate such
that the cell transfer device can be operated
independently from other support devices formed in
the substrate. The invention utilizes a double well
structure which isolates the N-array cdevices within
a2 separate P-well inside of an N-well without
addition of masks over those used to fabricate a

conventional SPT DRAM cell.

These ané other objects and feztures of the inventicn
will become more fully apparent from the severzl
draw1ngs and description of the preferred embodiments.

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

specific embodiments in which:

FIG, 1 is a2 simplified schematic sectional view of a
substrate plate trench (SPT) DRAM cell of the
prior art illustrating the kasic electriczal
connections of the cell.

FIig., 2 is a simplified schematic sectionzl view of

the double crid substrzte plates trench {S2T)
i 3 3

h&ﬁ}hsB&mRmi
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T, .

descrilbes a dburied-plate trench DRAM cell in which the storage node of the
cell and a sheath plate are fornmed in a single trench. At the bottom of
the trench a diffusion of opposite type fromthe substrate is formed such
that the diffusions of adjacent cells interconnect formng a grid-like -

structure. One or nore trenches not associated wwth a DRAM cell is forned
to act as a reach through to enable the doped region to be biased at a
suitable reference voltage. Figure 12, thereof, clearly illustrates the
grid-like aspect of the buried.BU 991 026/ 037 -5- region. European

publ i shed application 0 283 964, publish®d Septenber 28, 1988 describes a

buried plate .
FIGs. 3-10 are schematic sectional views of the array

of the double grid substrate plate trench (SPT)
DRAM cell illustrating the array at various
steps in a preferred manufacturing process.

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

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

Referring to FiGs. 2 &
elements of the double wel
cell of the invention. The cell is an improvement of
the prior art SPT DR2M cell as described by Lu et al.
in U.S. Patent 4,688,063 and as medified by Kesney in

U.S. Patent 4,801,988, both of which are incorzcrated
herein by reference. The cell includes the follcwing

nd 11, there are shcwn the kasic
1 Substrate Plate Trench DRAM

major features. A substrate 10 of P+ type semi~

conductor matgrial has an upper epitaxizl layer of P~
type materizl, as in the prior art. Referring tec Fig.
hnclocy,

= 0

r
bipolar sub-collector fabrication te
D cwed by

s itaxial layer 11 can ke forméd, i
the loczlizeé formation of an N-type buried
and an additional P-tvpe epitazxizl layer i3
diffused reach through recgions 34 connect to the
perimeter of the buried layer 12 such that the sub
strate region 12 in which the DRAM cells zre formed
becomes both paysically and electrically isolated £:
the semiconductor substrate 10. Referxring now
2 ané 11, & P-type isolated regiocn 12 or well 1iZ is

BU 881 026/037
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SPT DRAM celd in which an out-diffused region fromthe DRAM trenches,
simlar 40 that in Kaga et al., in which the diffused region forns the

plate of the SPT cell. As in Kaga et al. a grid-like region is forned and
is contacted by a non-cell trench. U S. Patent 4,873,560 issued October 10,

1989 to Sunam et al, describes yet another buried plate SPT cell in which
the access transistor is formed in the cell trench. FIG 30, thereof, and
its related text, describes the inportance of naintaining the grid-1like
structure of the buried region in order,to enable proper operation of the
cell transfer device. Sunam et al, fl]l‘% er cautions that in the event that
opening in the grid-like buried region should be "filled by the depletion
| ayer™ isol ati ng fohped wtf dte et cax fhcomritbevisidhsHraliaenel separ at e
connection can bergR&d GetNtes’ 15A Brmeill f ACRnES&N QRrd N oOrder to bias it
to the electrode 16 of device 14 is responsive to a word

access line of the DRAM array support circuits, not

shown, to couple data between data or bit line diffused

N~-type region 18 and diffused N-type storage node '

region 20 through the channel:regién'formed in region

12 or well 12. 3In a manner similar to the prior art, a

storage capacitor is formed in a deep trench 22

adjacent to the storage node 20 and includes a signal

storage node formed by conductive N-type polysilicon

electrode 24 isolated from substrate 10 by a thin

dielectric layer. Diffused surface storage node 20 and~ - . - &=

signal storage node 24 in the trench 22 are connected

by a conductive strap 26. At the top of .the storage

trench a thick insulating collar 28 is provided tc

increase the threshold voltage of the vertical

parasitic FET formed by the diffused storage node 20

and the substrate within the P-region 12. In order to

eliminate the trench gated~induced diode leakage

lmechanism, in FIG. 2 of the double grid SPT DRAM cell

the collar 28 must extend down the sidewall of trench

22 to a point kelow the lowermost ph junciion of

N-region 32. 1In FIG. 11 of the double well SPT Dram

cell- the collar 28 must extend beloﬁ the N-well 32.

Local surface isolation 30 is also provided, s is well

Xncwn in the prior art.

It will be recognized that the cell features of Fig. il
just described, with the exception of the subsirate
type, are similar to the N-channel variant of the pricr
art SPT DRAM cell. However, & second well or buried

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

H

rovided to provide rhysical ané electriczl isclazicrn

e

a
o enazble the independent bizsing ci the reference

Tt

tr
('4
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sane pptentjal as the substrate. UK Patent Applica- tion GB 2 215 913 A
publ i shed Septenber 27, 1989 describes yet another variation in the buried
SPT DRAM cell design in which the dopant for the buried region is provided .
by ion inplantation into the sidewalls of the deep trench of the DRAM cell.
Finally, US. Patent 4,794,434 issued Decenber 27, 1988 to Pell ey,
describes a buried plate SPT DRAM cel |l formed using bipol ar device
processi ng nethods in which the buried plate region is forned froma buried
sub-col | ector structure normally part 3f -a bi polar transistor. Wile the
above cited references illustrate the diverse and concentrated efforts nade

by. DPAM desi gnher s..i.n _at t&em%to'&n&é Qrngnr %gggcitttag.i qn‘elriggtpxgggri ers in BU 991

026/ 037 vOlitage nho .
art substrate plate trench DRAM cells, the buried

region 32 of the invention forms an electrical and
physical isolation means between +be surface well 12 in
which the transfer devices are formed and the
semiconductor substrate 10 in which one or more DRAM
cell arrays and support circuits are formed. Thus,
buried region 32 and its two p-n junctions provide a
means to independently bias, by way of Vsub, not only
the plate reference voltage of the cells, but also the
local substrates of both N- and P-channel devices used
in support devices andé the transfer devices 14 of ;he .
DRAM cells. It will be recognized that the buried laver
voltage can be biased by Vbn to provide optimum
isolation between the buried reference electrocde and

the P~-well in which the active devices are to be

Tormed.

It is an important aspect of the invention to provide
arrays of cells as described in connection with FIGs. 2
and 11 in & simple easy to manufacture precessing
secuence. Because the basic SPT cell is effectively
placed inside & P-well which is contained in an N-well,
the additional processing steps nedessary to fabricate
the invention are minimized. To prevent gazted-éicde
leakaée Gue to the trench cutting throuch the wells iz
the doukle well SPT DR2M cell of Fig. 11, & dielectric
collar 28 is placed azrcund the top of the deep
trenches. Typically, the P-well 12 can be biased =zt
atout -1 volt, the P+ substrate 10 at z level
cround and Vdd ané the N-~well 32 at =z potentlal greater
t the substrate potentizl Vsub.

follewing k=v points describe Xey relationshirs
veilable to the Gouble grid SPT DR2M cell of FIG. Z ¢



-6- continuing to reduce the size,
none praqvide the capability to carry DRAM technol ogy into the sub-0.5 [err]
a feat which nust be achieved

feature size range,
two decade "tradition" of providing ever
technol ogy. DRAM desi gners have turned to the process-conplicating use of
DRAM cel I s know ng that the addition of processing

"stacked capacitor”
steps decreases the manufacturability of a specific design.
s shown a schematic cross-sectional
Substrate Plate - Trench (SPT) DRAM ceklidescribed in U S. Patent 4,688, 063

entitled "Dynanrc RAM Cel

the 1nvent10n due to the ability to independently bias
the several pn junction-isolated regions:

FIG 1, there

to Lu et aI

1.

=
.

ui
a
w0
\D

in order to continue the
I ncreasi ng density of DRAM

and increase the density,

of DRAM cel |l s,

Referring to

vi ew of the basic

By biasing regions 32/34 positively with respect
to region 12, the substrate region of the transfer
device 14, vertical sidewall trench parasitic FET
-.subthreshold leakage and other leakage mechanisms
along the trench sidewall will be collected on the
electrode Vbn of N-type regions 32/34, instead of
the storage node, region 20, of the transfer

device improving retention time over the PRIOR ART

cell (FIG.1);

By biasing regions 32/34 positively with respect
to region 12, minority carrier generztion in '

region 12 and injection from data line diffused

region 18 will be collected on the electrcde Vbn

of N-type regions 32/34,

instead of region 20,

improving retention time over the PRIOR ART

(FIG.1);

By biasing regions 32/34 prositively with respect
to semiconductor substrate region 10, in
where deep collar structure region Z8 is above or

below N+ region 34 lower edge, leakazge current

the case

along the trench dielectric sidewall cof trench

capacitor structure region 22 (gene

10) ané carrier generation in the Tulk

10 is collected on the elecircde Vion cf rsgion 2

instead of region 12, improving well vcltage drocs

over PRIOR ART ({FIG

By isolztion of region 12

substrate region 10 using

1l); and

ir
N-

independent tias conditions
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wth MOS Trench Capacitor in CMOS'. A P+ type sem conductor substrate 10 is
provided with a lightly doped epitaxial surface layer 11 in which is
prOV|ded N-type retrograde inplanted well 12 formed at its upper surface in
which the transfer device 14 is forned. A control gate electrode 16 is
respon- sive to signals fromword line circuitry to couple data signals
applied to the bit or data‘line diffused region 18 to the diffused storage
node region 20. A deep trench 22 is provided in which a storage capacitor
is formed. A polysilicon storage node plate 24 is fornmed in the trench-and

i solated fromthe substrate 10 by a thit Storage node dielectric, not
shown. A conductive strap 26 connects the diffused node 20 to the plate 24.

Manuf act uri ng experi epgs-Bass Toawrilcaat sdhensRL-PRMdi1cRbsrrdescri bed i s not
sui table for eXtenSlcﬁEv1cegr Egéion 12 and in peripheral surface

P-type region 13 improving design point

flexibility not possible in PRIOR ART (FIG. 1).

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

dielectric.

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

DRAM cell array.

Referring to FIG. 3, starting with
type semiconductor wafer 10, & lich éoped p-
epitaxizl laver 11 havipg'a thickness of about 0.25 un
is provided. Next, heavily doped N-tvoe regions 32,

ct
| St
<

preferably using arsenic as the dopant impurity, are
formed by z simultaneous ocut-diffusion and epitaxizl
growth step to form lightly dored lazver 13 having =
thickness of about 2.5 pum. On the u uprcer suriace

of epitaxial layer 13 an oxide/nitride lzyer 50 havinc

™

thickness of sbout 175nm is formed on substrate 19 ¢
ct
tep

)

es an etch/polish stop to be used in subseguent

n
n
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than 16 Moit applications due in part to the performance [imtations of
P-array, trangfer devices BU 991 026/ 027 REPLACEMENT SHEETS SG and the
exi stence of a parasitic device fornmed by the diffused storage node 20, the
polysilicon plate 24 and the substrate 10. Sinple conversion to N-type
transfer devices is not practical and reduction of electrical stress on the
capacitor dielectric by using Vdd/ 2 reference node biasing is not possible.
The subj ect invention addresses the unsolved problens of the prior art by

providing a solution to-barriers presgnted in extending the
manuf acturability of the sinple SPT cell to 64 Mo DRAM and beyond. SUMVARY

OF THE INVENTION It is an object of the present invention to aneliorate one
or nore di sadvaafegesngofo tHi€. priZor stantin@odshda fpavdlyepagd ¥ict of the :

present invent i9pPe td@iBohducRbPWaded B ,dNHAKGCa lightly doped p-
epitaxial layer 11 on its upper surface, an
oxide/nitride layer 50 having a thick-ness of about
175nm is formed on substrate 10 to act as an
etch/polish stop to be used in subsequent steps.

Referring now to FIGs. 3 and 12, a relatively thick,
about 500nm, layer 52 of oxide is deposited by a
conventional CVD TEOS téchnique to act as an etch mask
for trenches 22. A photolithographic mask is formed
using a high resolution photoresist and is used to
define the pattern of trenches 22 which are to be.
etched in substrzte 10. The mask pattern is
transferred to the thick oxide layer 52 and the
oxide/nitride layver 50 by a dry plasma etching process
using oxygen and carbon tetrafluoricde (CF4) as the
active agents. After stripping the photoresist,
trenches 22' are etched to a depth of about 5.0 um
using a anisotropic RIE process to provide the
structure shown in FIG. 3. It shoulé be noted that the
bottom of the etched trenches zre not shcewn as a matter
of convenience in describing the inventicn.
Next, as shown iﬁ FIGs. & ané 13, the trench caracitcr
structure is formed by thermally oxidizing the ncw
zxposed silicon sidewalls and bottcocm of the trenches to
& thickness of zpout 4nm. ‘Then, abouc 7am cof silicon
nitride is conformally deposited. The nitride layer is
then oxidized Yo form zbout 1.5nm silicon cdioxide to
omplete the ONO cell ncde dielectric. The trenches
are then filled Lv confcrmally
decped to a
centimeter

= 2 n . . s . -
surface of the substrate., 2 thermal annes
r .



randonsaccess nenory devi ce conprising: a sem conductor substrate having a
first region of a first conductivity type, at |east one array of dynamc
menory cells, each cell conprising an access transistor coupled to a
storage capacitor, the transistor of each nmenory cell being formed within a
second region of said first conductivity type of said sem conduct or
substrate, each access transistor having a control electrode, a data |line
contact region, a storage node region, and a channel region; a plurality of
signal storage capacitors formed in a pldbality of trenches in said
substrate, each capacitor including a signal storage node and a. reference

voltage node separglad P SheGLLIShRMhA! Sty Bhal&ATcA gt ion of the

ref erence voltage no e|n $a1'd substrate
and the signal stoﬁ%"@édnﬁﬁé BfPC@éféhlt"&ﬁaéﬁ’tté‘F ‘B%ﬁ%é’rrF‘?ﬁh?éd‘??n éne of said

trenches and connesilgdilican RIR iperepesulisabecttive age shdieon éjoxitieof one of
sai d access t"ans'éﬂa05§1ld8%aﬁﬁiﬂlaé BLRES Eetvle¥ §!¥1o§|€ﬁélbb§§éirﬁcb§(” ating

all of the channel r t hap sistor aid one array
fromsaid first 6@9 ria%f ﬁBs?tfec?‘ Susl,’esu % 6P gt%/@n%eﬁelaﬁcs conprising a

third region of o sP?JeYSééh%RIbtal"—vT-ft%/ tP?%é’It Bh%aﬁrﬁnﬁl?%tmréga‘edﬁl a first
portion of said thkiff dbswgilos aebelod ahseshrifaterdt kye heiseescessai d first and

second r egi ons, 861' qv 155 J Sop Qaarptouwlﬂcoﬁassi1Lhwedbeeganp%fl piersecting all of

sai d trenches, sai.d e rt second. subregi on
ext endi ng . subst anttlrﬁf‘? satr o@%d%rencun 3P1ar PLS ThOF Arma§ S nd
sidewalls of the exposed trench tops by conformally

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

areas, including the bottoms of the trenches, to leave

a collar 28 on the upper sidewalls of the ;ecessed

trenches in a manner similar to that in U.S. Patent

4,801,988. The resulting structure is shown in FIGs.

4 and 13.

Referring now to FIGs. 5 ané 14, the trenches are cga-ﬁ~-
filled with arsenic doped polysilicon to a surface
thickness of zbout 600nm and znnealed, as sbhove. Then
all of the thus deposited polysilicon formed on the
back side of the substrate is removed preferably bv
planarizing process such as chenical—mechanical

[4}]

oolwsn1na in order to reduce anv uncéesirable sitress
causea bv this non-functional layer. The front, or
trench containing éide, of the substrate is then
olanarized tc remove the last fercsited 600nm cf
polysilicon from all planar surf
achieve surerior planarity, it is preferzble to use a
chemical-~mechanical polishing technique. Such
techniqgues azre described in greater detail in U.s.
nt 4,994,836 to Bever et gl. &and U.S. P

Pater ztent
4,789,648 to Chow et al. Next, polysilicon 53' in the
top of the irenches is recessed arout S0nm to 100nn

Ul
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said array and extendi ng between said reference voltage node region and the
surface, of 8 said substrate; neans for biasing said first, second and
third regions of said substrate to first, second and third different
vol t ages; and the signal storage capacitor includes an insulating |ayer- at
the top of each of said trenches having a thickness greater than the

t hi ckness at the bottom of said trenches. According to another aspect of
the present invention there is provided the nmethod of naking a dynam c

random access nenory device conprising the steps of: providing a
sem conductor substrate of a first conductivity type; formng a buried

regijon gftsefondfﬂawueaé %¥tﬁa§ﬁge?@@[ﬁﬁea%n least @ BtQé‘}é'nQn ?I the ar ?ﬁ OI
said substrate; form ng an array. renches in a.natrix pattern in the top
surface of said sﬂi????‘g?’btflyeﬁ%?a}ﬁeae%%ﬁﬁfsbgh% 3?7‘%&*?1? o“)%sc,J i d substrate and
substanti al | y i ntshoshing Ker kbel sigprbstoragarinade LIditBe ddePrR | ayer of a

predet erm ned t higdpaesecoran t e iresenigngusfacesrofissahaid iarEdms and filling
sai d trenches witf .gscppductive el ectrode material; ion inplanting and

a,

di ffusing around the perineter

Next the local isolation in the form of shallow trench
isolation (STI) is formed, shown in FIGs. 6 and 15. An
STI mask is applied to the substrate and defines all of
the regions where STI is desired. The exposed
oxide/nitride etch stop layer 50 is etched to expose
the silicon substrate surface and overlapped '
polysilicon filled trench tops. Preferably in the same
processing chamber, the exposed substrate, trench
collar and polysilicon are etched to a depth of ehout
350nm. A LPCVD TEOS oxide layer 56 of about 630nm is
then conformally deposited over the entire substrate as
shown in FIGs. 6 and 15.

w
o
}
n

Next, as shown in FIGs. 7 &and 16, STI oxide laver
planarized, preferably by a combination of RIE
etch-btack and chemical-mechanical polishing as
described in application 07/427,153 filed Octocker 25,
1989 entitled "Forming Wide Dielectric Filled Trenches
in Semiconductors" by Kerbaugh et al. Next, anvy )
reméining oxide/nitride laver 50 is removed kv hot
phosphoric acid and buffered EF. At this roint, =&

7
(4]
ct
bt
m
cl
(]

sacrificial oxide may ke grcwn on the exposed sl
surfaces, as these will become the active device =z
for N- and P-channel devices of the CMOS process into

are formed bv the conventional use of an N-we

BU $91 026/037 .



e

of said array of trenches a diffused region of said second conductivity
type having a depth so as to physically and electrically isolate a portion
of the substrate within the matrix pattern above said buried region; and
formng within the isolated portion of the matrix pattern a pl urallty of

sem conductor devices for coupling signals to and from said conductive
el'ectrode material within at |east sone of said trenches. DESCRI PTI ON OF

THE PREFERRED EMBODI MENT(S) These and ot her objects and features of the
i nvention will become nore fully apparent fromthe several draw ngs and

descr.iption of the preferred enbodi nentls. -Ways of carrying out the
invention are described in detail below wth reference to drawi ngs show ng

20t ohar v e PR BB Al seﬁ%ﬁsﬁa\z%s% SR SR o pri or art
illustrating theaf%.Sile§l€¢deCtF'Fdﬁ| 1chnreserpiredofhathaddidtiionakig. 2 is a
sinplified schenptddessend Isﬁllﬁb nayehe ofseiheo diaula| thegresbls whsdugat e pl at e
trench (SPT) DRA%égclglnl Pfast Besd et i QR rhbidist £ AtdeR9, dd1e basic electrical
connecti ons of e cel ' :

Referring to Fig. 16, next, N-wells for P-channel

devices and for providihg the buried N-type well region

32 are formed by the conventional use of an N-well mask

which covers all of the substrate except where N-wells

are desired. After formation of the N-well mask, the

substrate is exposed-t® a plurality of ion implantatien

steps to form retrograde N-wells 34 and 32, Phosrhorus

ions are implanted at about 900 KEV with z dose of

about 5-1015 atoms/cm2 {5E13 atoms per square centi-

- meter) to form the higher concentration deepest rorticn

of the well, at about 500 KEV with & dose of abou:

2,3-1012 atoms/cm2 {2.3E13 atoms per square centimeter)

to form the bulk of the well, and at about 150 KEV with

2 dose of about 1,9'1012 atoms/cm2 {1.9E12 stoms rer

square centimeter) to control punch through. I

th

desireé an additiocnal N-well.mask can be used at ihis
point to selectively implant arsenic at about 80 X&V
with & dose of about 1,3-1012 atoms/cm2 (1.3E12 atcms
rer square centimeter) to conitrol the threshold veltage
the P-channel FETs formed in selective N-wells.

ti

o !

&=
o
Acéditionel .implant mesks and implants may a2lso ke ussd

1
to further tzilor specific device thresholéd voltages.

Follewing the formation cf the N-wells, & convenilional

P-well mask is formed in z similar menner in oréder tc
mask the substrate against boron ions used to form the

P-wells 58, zlso shown in FIGs. ané 16. To form the
-wells, borcn ions are implzanted at about 200 X=7 with

. - 1 . -

& dose ci zbout 8-10‘2 ztcms/cm® (8E12 atems ferx scuesrs



-9- FI&. 310 are schematic sectional views of the array of the double
grid substraje plate trench (SPT) DRAMcell illustrating the array at
various steps in a preferred manufacturing process. FIG 11 is a sinplified
schematic sectional view of the double well substrate plate trench (SPT)

DRAM cel | of t.he invention illustrating the basic electrical connections of
the cell. FIGs. 12-19 are schematic sectional views of the array of the
doubl e well substrate plate trench (SPT) DRAM cell illustrating the array

at- various steps in a preferred manufacturing process. Referring to FIGs. 2
and 11, there are shown the basic el estegts of the double well Substrate
Plate Trench DRAM cell of the invention. The cell is an inprovenent of

centimeter) to form the bulk of the well, at about 80

KEV with a dose of about 1,6°1012 atoms/cm2 (1.6E12

atoms per square centimeter) to control punch through

region and at about 7.3 KEV with a dose of about

3,7-1012 atoms/cm2 (3.7E12 atoms per sguare centimeter)

to control the threshold voltage of the N-channel FETs

used in the array and support circuitry of the DRAM.

Thus, the structures in FIGs. 7 and 16 result. It will

be clear from the above description, that the N-well

regions 32 make physical contact with the substrate

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

physically and electrically isolate the P-region 58 and

11, including P+ substrate 10. Unlike the prior‘art,

there is no need to ensure that the substrate regions

of the transfer devices can be electrically coupled tc

the semiconductor substrate 10. -

Next, the gate stack structure comprising the gate
insulator, a conductive gate and a silicon nitride cap
is formed as shown in FIGs. 8 and 17. After stripping
the sacrificizl oxide referred to above, a gate
insulator layer 60 is formed by growing about 10nm of
silicon dioxide cn the exposed silicon surfaces of the
substrate. 2 polysilicon laver 62 of about 200nm is
deposited and deped by ion implanting vhosphorus
about 25 KEV with & dosa. of about 6-1015 stoms/cm
(BE15 atcms per scuare centimeter). This is follcwed

nN:
m
-
m
]
4
m
LK

by deposition cZ zbout 100nm of titaznium silicids lay

[
worélines. The gate stack is compl i
layer 66 of siliccn dioxide and z lzver 63 of silicon

da
nitride of about 80nm resulting in the structurs shown

in FIGs. 8 ané 1i7.



the priror art SPT DRAM cell as described by Lu et al. in U S. Patent
4,688,063 angd as nodified by Kenney in U 'S. Patent 4,801,988, both of which
are |ncorporated herein by reference. The cell includes the follow ng major
features. A substrate 10 of P+ type sem - conductor material has an upper .
epitaxial |layer of P- type material, as in the prior art. Referring to Fic.
2, using bipolar sub-collector fabrication technology, a first epitaxial

| ayer 11 can be formed, followed by the localized formation of an N-type
buried | ayer 32 and an additional P-type epitaxial |ayer. 13. Surface

di ffused reach through regions 34 connact to the perinmeter of the buried

| ayer 12 such that the sub- strate region 12 in which the DRAM cel |.s are

formed becones both physicall caI sol at ed fron1the
seni conduct or sﬁﬁsﬁ“{g‘t‘“ 1’1CFIGF?ef gr PT"?ewgles “!LQF/ yefe Mr®1, a P-type
i sol at ed regi onstaxkriswe¢lectdvelysetched to defme the first level

of interconnect and the gate electrodes for the CMOS
FET devices to be formed on the planarized substrate.
The expoéed polysilicon is oxidized slightly at about
1050 °C. Next, a blocking magk is used to protect all
of the device regions except where N-channel FETs are
to be formed. A lighﬁly doped N-type region 70 is then
~formed by implanting phosphorus at about 30 KEV with a
dose of about -1014 atoms/cm2 (1E14 atoms per square
centimeter). Aiter removal of the blocking mask, &
sidewall spacer 72 is formed by depositing about 45nm
of CVD silicon nitride followed by an anisotropic RIE
of nitride present on planar surfaces. Next, the doped
regions are silicided in a conventional manner by
evaporating about 20nm of cobalt, annealing at akcut
750 °C. and removing unreacted cobalt in dilute nitric

acid.

The devices and DR2M structure are completed with the
following steps illustrated with reference to FIGs. 10
and 19. A silicon nitride sidewall 74 is formed by
ositing a layver of silicen nitride of akbcut 15nm

|_J 'U

|

owed by an &nisotropic RIE step. The N+-type

u51ons 76 for NFET devices are formed, after

cing & blocking mask to protect PFET regioams, by

mplanting arseu1c &t ebout 50 KEV with & dose of zktcuc ' .
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iffusions for PFET devices are
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BU 991+026/ 637 - 10 - forned at its upper surface into which N-channel
transfer, devices 14 are forned. A control gate electrode 16 of device 14 is
responsive to a word access line of the DRAM array support circuits, not
shown, to couple data between data or bit line diffused N-type region 18
and diffused N-type storage node region 20 through the channel .region
formed in region 12 or well 12. In a manner simlar to the prior art, a
storage capacitor is formed in a deep trench 22 adjacent to the storage
node 20 and includes a signal storage node fornmed by conductive N-type

pol ysilicon el ectrode 24 isol ated frqnagqpstrate 10 by a thin

node region 20 to the polysilicon 55' at the tops of
the deep trenches is formed by the use of a blocking
mask exposing the storage node regions, selectively
etching the oxide at the trench top, depositing N-type
polysilicon and planarizing by a chemical-mechanical
polishing process to leave polysilicon straps 26.
Interconnects 78 of titanium nitride and tungsten are
formed as borderless contacts and an interlevel
passivating layer 80 of phosphorus-doped glass is
deposited and planarized, again by chemical-mechanical
polishing techniques. The DRAM is completed by
providing a number of additional planarized
interconnect levels, as required by the ccmplexity o
the circuits to be interconnected.

While the invention has been described in terms oZ
preferred embodiments, those skilled in the art will
recognize that many of the steps described above can e
altered and that dopant species and types as well &s
other material substitutions can be freely made without
ceperting from the spirit and scope of the inventicn.
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dielectric Fayer. Diffused surface storage node 20 and signal storage node
24 in the trench 22 are connected by a conductive strap 26. At the top of
the storage trench a thick insulating collar 28 is provided tc increase-the

threshol d voltage of the vertical parasitic FET forned—bythe diffused

storage node 20 and the substrate within the P—reglon 12 In order to

elimnate the trench gated-induced di ode | eakage nmecha® Hﬁmx l2ceof
the double arid SPT DRAM cell the collar 28 nust extend wall
. In

of trench 22 to a point below the |owernost pn junction

FIG 11 of the double well SPT Dram,cgll-. the collar 28 nust exten below
the Nwell 32. Local surface isolation 30 is also provi ded, as is well
kncwn in the prior-art: It will be recognized that the cell features of

Fig. 11 just described, with'the &aeptM 6n of the substrate

i. A dynamic random access memory device comprising:

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

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

a channel region;

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

one of szié access transistors;

means (34) for physiczlly ané electrically
isolating 21l of the channel regicns cf said
access transistors within said one axray from szid
first region (12) of szidé substrate (10}, said
mezns comprising z third region (34) of opposits

conductivity tyre to saié first regicrn (12), said
thiré region (34) formed between said first end
second regions, szid third regicn (34)
intersecting zll of said trenches (22) ané

[
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type, dre si'milar to the N-channel variant of the prior art SPT DRAM ceII
However,.- a second well or buried region 32 of N-type |rrpur|ty type is
addi ti onal | y provided to provide physi cal and el ectri cat—sotatiomrto

enabl e the i ndependent biasing of the reference BU 991 f2 .ﬁjﬁameﬂyﬁg

node for the trench capacitor. Unlike prior art substrat
cells, the buried region 32 of the invention forns an el uﬂuﬂm L
fer
nor e

physi cal isolation nmeans between the surface well 12 in
buried region 32

devices are fornmed and the sem condyc}zor_ substrate 10 in which one or
DRAM cel | arrays and support circuits are fornmed. Thus, [

and its two p-n junctions provide a
means for biasing said first (12), second and

third (34) regions of said substrate (10} to
first, second and third different reference

voltages.

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

3. " The dynamic rancdom access memory cell of claim 2
wherein the thicker portion of the insulating
layer (28) in said trenches (22) extends down to
at least the level of the bottoem of ssid thir
region (34) or to at least the level of top of
said third region (34). '

2]

[}

The dynamic random access memorv device of claim 1

1=

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

S. The dynamic random access memory device of
) the claims 1 to 4 wherein the thiré regicn

-

[V ]

A v
0
h

an impurity doping level which varies with
cdepth frcm the surfzce of the substrate (10).

6. The dynamic rznéom access memory device ¢ anv cf

wherein the impurity type c¢F

fu
[}
&
n
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r
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1 5
seid first region (12) is P-tvre.
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means f'o i ndependently bias, by way of Vsub, not only the plate reference
vol tage:of the cells, but also the |local substrates of both N- and

P- channel devices used in support devices and the transfer devices 14 of
the DRAM cells. It will be recognized that the buried | ayer voltage can be
bi ased by Vbn to provide optimmisolation between the bunthmkeheBam@elmxd
el ectrode and the P-well in which the active devices are to

is an inportant aspect of the invention to prOV|de arrays o]

described in connection wth FIGs. 2 and 11 in a sinple easy o nanu acture:

processi ng sequence. Because the basig,ySPT cell is effectlvely pl aced
inside a P-well which is contained in an N-well, the additional processing

steps necessary to fabricate the invention are mnimzed. To prevent
gat ed- di cde | eakage THeed¥namie & anden drceas tengry Heydgh athenved s in
the claims 1 to 6 wherein the dopant impurity of

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

8. The dynamic random access memory device of any of
the claims 1 to 7_wherein the access transistors__

are N-channel FET devices.
9. A dynamic random access memory cevice comprising:

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

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

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

& buried region (32
»
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I

the doubl e well SPT DRAM cel | of Fig. 11, a dielectric collar 28 is pl aced
around the top of the deep trenches. Typically, the P-well 12 can be biased
at about -1 volt, the P+ substrate 10 at a | evel between ground and Vvdd and

the N-well 32 at a potential greater than or equal to the substrate

potential Vsub. The follow ng key points describe key rel at1 {xt Has Been Replaced
avail able to the double arid SPT DRAM cell of FIG 2 ¢ BU 99 _
12 - the invention due to the ability to independently bias I -
junction-isolated regions: 1. By biasing regions 32/34 positively wt

respect to region 12, the substrate regébm of the transfer

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

11. The dynamic random access memory device of claim
9 or 10 wherein the impurity in the buried

diffused region (32) is arsenic.

2. 2 method of making & dynamic random access memory

oY

device comprising the steps of:

rroviding a semiconductor substrate (10) of &

first conductivity tyre;
forming an array of deep trenches (22) in &z
S

pattern in the top surface cf said

forming z dielectric laver on the inside of szic
¢eep trenches {22) apé £illing szidé trenches (22)

with 2 conductive electrode material;

= 3

£fusin
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m

ion implanting <
z

aroungd ithe
)

2

t

T
cf saié errayv of trenches | & Giffused regicn
a

£ szid seconé conrcuctivity tvoe having

[o]

£ to physically ané eleciriczlly isolate =z

11}

Us]

crtion of the substrate (10) within Lhe matrix
ceX

attern akove said difiused region; andé.

g

j-

he

[

forming within
vattern & plurslity cf semiconductor devices fo-
coupling signals toc ané ircm said conductive

electrode materizl within &t lezst some of szif feer

trenches {22).
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device 14, vertical sidewall trench parasitic FET subthreshold | eakage and
ot her | eakage. nechani sns along the trench sidewall wll be collected on the

el ectrode Vbn of N-type regions 32/34, instead of thestorage mode,TEegion
20, of the transfer device inproving retention tine Ov?ﬁisgﬂﬁﬁm@&m@”

(FIG1); 2. By biasing regions 32/ 34 positively wth rieags 3 on
12, mnority carrier generation in region 12 and inj ectviJmH l [] Li ne
diffused region 18 will be collected on the el ectrode L gi ons
32/ 34, instead of region 20, inproving retention time over the PRIOR ART
(FIG1); 3. By biasing regions 32/32 positively with respect to
sem conduct or substrate region 10, in the case where deep collar structure
region 28 is ngvebﬁg method of making a dynamic random access

memory device of claim 12 further comprising the

step of forming a buried region (32} over at least

a portion of the area of said substrate (10) and

the step of ion implanting and diffusing around

the perimeter of said array of trenches (22) a

diffused region of said second conductivity type

having a depth is made so as to physically and

electrically isolate a -portion of the substrate

{10) within the matrix pzttern above sazid buried

region.

The method of making a dynamic randcm access

14,
memory device of claim 12 or 13 wherein the step
of forming a dielectric laver {28) on the inside
of said deep trenches (22) includes the step of
forming a thick dielectric collar (28) at the top
of said deep trenches (22).

15. The method of making a dynamic randcm access
memory device of claim 13 or 14 wherein the source
of -dopant materizl used to form the ¢iffused or
buried regicn (32) is N-tvype.
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bel ow N+ region 34 | ower edge, |eakage current along the trench dielectric
si dewal | "of trench capacitor structure region 22 (generated in region 10)
and carrier generation in the bulk of regon 10 is coll:ected on the

el ectrcde Vbn of region 34, instead of region 12, inproving well voltage
drops-over PRIOR ART (FIG 1); and 4. By isolation of region 12 from

sem conduct or substrate region 10 using N-type regions 32/ 34, independent
bias conditions allow for different BU 9911 026/ 037 - 13 - back-bias
conditions for the n-channel NCSFET_ngLpes in region 12 and in peripheral

surface

ABSTRACT

A high density substrate plate trench DRAM cell

memory device and process are described in which a
buried region (32) is formed adjacent to deep trench
capacitors such that the substrate region of DRAM
transfer FETs can be electrically isolated from

other FETs on a semiconductor substrate (10). The:
buried region (32) is partially formed by ion
implantation and diffusion to intersect the walls of
the deep trenches (22). The buried region {(32) is
contacted along its perimeter by a reach through region
to complete the isolation. The combined regions reduce
charge loss due to ‘better contrel of device parasitics.
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P-type region 13 inproving design point flexibility not possible in PRI OR
ART (FIG._ . 1)..1f one chooses to fabricate N-channel support FETs directly
in the suttaté of the epitaxial layer 13, then a Vsub of 0 volts is

advant ageous. Additional advantages over the prior SPT cells which m ght

not be readily apparent include the use of N-channel transfer devices
providing faster 1/0O operations-of the DRAM cell, providing isolation of

all of-the array transfer devices by the double pn junctions hetween
regions 12 and 32 and 32 and 11 and enabling the substrate to be biased to
reduce the stress across the stora ode dielectric. Reference is now nade
to FIGs. 3-10 and 12-19 whi ch. dé§2?I e the preferred process sequence used
to fabricate the double grid substrate plate trench DRAM cell array, and

t he double well substrate plate trench
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DRAM €eli array. Referring to FIG 3, starting with a heavily doped type
sem condyctor.wafer 10, a lightly doped p- epitaxi al layer 11 having a

t hi ckness of &bout 0.25 [err] is provided. Next, heavily doped N-type
regions 32, preferably using arsenic as the dopant impurity are formed by
a sinul taneous out-diffusion and epitaxial growh step to formlightly
doped |l ayer 13 having a thickness of about 2.5 [err]. On the upper surface
of epitaxial layer 13 an oxide/nitride Iayer 50 having a thickness of about
175nmis forned on substrate 10 to act as an etch/polish stop to be used in
subsequent steps. BU 991. 026/ 037 2/4&
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- 14.- Referring to FIG 12, starting with a heavily doped P+ type
sen1conductor wafer 10, having a lightly doped p- epitaxial layer 11 on its
upper sUrface an oxide/nitride layer 50 having a thick-ness of about 175nm
is formed on substraté 10 to act as an etch/polish stop to be used in
subsequent steps. Referring nowto FIGs. 3 and 12, a relatively thick,

about 500nm [|ayer 52 of oxide is deposited by a conventional CVD TEGCS
technique to act-as an etch nmask for trenches 22. A photolithographic mask
is formed using a high resolution photoresist and is used to define the
pattern of trenches 22 which are to be %éphgu i n-substrate 10. The nask
pattern is transferred to the thick oxi | ayer 52 and the- oxi de/nitride

| ayer 50 by a dry plasna etching process usi ng oxygen and carbon
tetrafluoride (CF4) as the <5
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active adents. After stripping the photoresist, trenches 22' are etched to
a depth of about 5.0 [err] using a anisotropic R E process to provide the
structure shown in FIG 3. It should be noted that the bottom of the etched
trenches are not shown as a matter of conveni ence in describing the

I nvention. Next, as shown in FIGs. 4 and 13, the trench capacitor structure
is formed by thermally oxidizing the now exposed silicon sidewalls and
bottom of the trenches to a thickness of about 4nm Then, about 7.-m of
silicon nitride is conformally deposited. The nitride layer is then
oxi di zed to ‘formabout 1.5nmsilicop /gjexide to conplete the ONO cell node.
dielectric. The trenches are then filled by conformally depositing

pol ysilicon doped'to at least [err] atonms/cnferr] (1E19 atons/cubic
centineter) to a thickness of about 900nm above the surface of the
substrate. A thernal anneal step at
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about 1000 [‘err]C. in nitrogen heals any inadvertent seans fornmed in the
polysilicon in'the deep trenches 22. A polysilicon RIE process selective to
silicon dioxide and silicon nitride then renoves all of the polysilicon on
the planar areas of the substrate and etches into the polysilicon at the
tops of the trenches to a | evel of about 1.5 [err] below the surface of the
substrate | eaving doped polysilicon 55 in the bottomof the trenches. The
trench collar 28 is then fornmed on the sidewalls of the exposed trench tops
by confornmally depositing a |ayer of abo m of CVD silicon dioxide and
t hen ani sotropically etching the oxide from planar areas, including the
bottons of the trenches, to leave a collar 28 on the upper sidewalls of the
recessed '
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trenches iin a manner simlar to that in U S. Patent 4,801, 988. The
resulting structure is shown in FIGs. 4 and 13. Referrlng now to FIGs. 5
and 14, ‘the trenches are again filled with arsenic doped polysilicon to a
surface thi ckness of about 600nm and anneal ed, as above.. Then all of the
t hus deposited polysilicon formed on the back side of the substrate is
renoved preferably by a planarizing process such as chem cal - nechani cal
polishing in order to reduce any undesirable stress caused by this
non-functional layer. The front, or trench containing side; of the
Substrate is then ol anarized to rennvgl}h | ast deposited 600nm of
polysilicon fromall planar surfaces. rder to achi eve superior
planarity, it is preferable to use a cheni cal -mechani cal polishing

techni que. Such techniques are described in greater detail in US.

54 I6 So

p

¥ L 1 2¢
TP TV,
“f‘k’ “’ cr mp/

N\._

S

=

't

This Sheet Has Been Replaced

AR




Patent 4; 994,836 to Beyer et al. and U S. Patent 4,789,648 to Chow et al.
Next , polyS|I|con [err] in the top of the trenches is recessed about SOnm
to | 00nm'BU 991 026/ 037 - 16 - below the substrate surface in order to
prevent subsequently applied polysilicon word I[ines fromshorting to the
signal storage node of the trench capacitors. The resulting structure is
shown in FIGs. 5 and 14. Next the local isolation in the formof shall ow
trench isolation (STlI) is formed, shown in FIGs. 6 and 15. An STl nmask is
applied to the substrate and defines all of the regions where STI is
desired. The exposed 10
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oxi de/*ni‘t’ri‘de etch stop layer 50 is etched to expose the silicon substrate
surface and overl apped polysilicon filled trench tops. Preferably in the
same processing chanber, the exposed substrate, trench collar and
polysilicon are etched to a depth of about 350nm A LPCVD TECS oxi de | ayer -
56 of about 630nmis then conformallv deposited over the entire substrate
as shown in FIGs. 6 and 15. Next, as shown in FIGs. 7 and 16, STl oxide

| ayer 56 is planarized, preferably by a conbination of RIE etch-back and
chem cal - mechani cal polishing as described in application 07/427,153 filed
Oct ober 25, 1989 entitled "Form ng x&§?4q5electric Filled Trenches in

Sem conductors” by Kerbaugh et al. , any ‘remai ni ng- oxide/nitride | ayer
50 is renoved by hot phosphoric acid and buffered HF. At this point, a
sacrificial oxide may be grown on the exposed substrate
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surfaces,” as these wll beconme the active device areas for N- and P-channel
devices of the CMOS process into which the array of the invention is
integrated. Referring to FIG 7, next, N-wells for P-channel devices and
for providing the buried N-type region 34 are formed by the conventional™
use of an N-well mask BU 991 026/ 037 whi ch covers all of the substrate
except where N-wells are desired. It will be recognized that additional
processi ng steps may be used co formthe reach through region 34 as a
separate operation, if desired. Referring to Fig. 16, next, N-wells for

P- channel devices and for providing ﬁfpfl{@”i ed N-type well region 32 are
formed by the conventional use of an wel | mask :
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whi clp .eovers al

formati on of the N-well mask,

of the substrate éxcept where N-wells are desired: After
the substrate is exposed-to a plurality of

i on i nmplant &t on steps to forn1retrograde N-wel ls 34 and 32. Phosphorus
ions are inplanted at about 900 KEV with a dose of about 5.10 5 atons/cn?

(5E13 atons per square centi -
deepest portion of the well,

neter) to formthe higher concentration
at about 500 REV with a dose of .about 2,3-1012

atoms/cnferr] (2.3El 3 atons per square celf?| Wﬁ?er) te formthe bulk of the

wel |,

punch through

and at about- 150 KEV-with a dose of about 1,9 [err] atons/cnferr]
(1.9E12 atons rer sauare centinmeter) to contro

| f desired

an additional N-well mask can be used at this pghnt Iectlvely I mpl ant
arsenic at about 80 KEV with a dosé/2f about 1 [err ns/cn{err]
(1.3E12 atons per square centineter) o control t e t &l d vol t age of
t he P-channel FiFsi f drreid |n—sQIe®%+ye T ——i
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~Additional inplant masks and inplants nmay al so be used to further tailor
speci fic device threshold voltaces. Follcwing the formation of the N-wells,
.a ccnventional P-well nmask is formed in a simlar nanner in order to nmask ,

" the substrate against boron ions used to formthe P-wells-58, also shown in
FFHGs. 7 and 16. To formthe ?-wells, boron ions are inplant.ed at. about 200
KEV with a dose of about [err] atcns/cnierr] (8E12 atons per square BU 991
026/ 037 - 18 - centineter) to formthe bulk of the well, at about 80 KEV
with a dose of - about 1,6.[err] atons/cnferr] (1.6E12 atons per square
centinmeter) to control punch through region and at about 7.3 KEV with a
dose of about : 4/Aw0
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3,7.[err] atons/cn2 (3.7E12 atons per square centineter) to control the
threshol d voltage of the N-channel FETs used in the array and support
circuitry of the DRAM Thus, the structures in FIGs. 7 and 16 result. It

w | - be clear fromthe above description, that the N-well regions 32 nake
physical contact with the substrate epitaxial |ayer 11 and the P-wells 58
in order to physically and electrically isolate the P-region 58 and 11,

i ncluding P+ substrate 10. Unlike the pri-or art, there is no need to ensure
that the substrate regions of the transfer devices can be electrically
coupled to - the sem conductor substrat %2. Next, the gate stack structure
conprising the gate insulator, a condﬁoff_ gate and a silicon nitride cap
is formed as shown in FIGs. 8 and 17. After stripping the sacrificial oxide
referred to above, a gate insulator |ayer 60 is forned by grow ng about
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silicon di.oxide on the exposed silicon surfaces of the substrate. A -

pol ysi I'i con | ayer 62 of about 200nmis deposited and doped by ion

i npl anting phosphorus at about 25 KEV with a dose of about 6.[err]
atons/cn2 (6E15 atons per square centineter). This is fol lowed_by
deposition of about 10Onm of titaniumsilicide layer 64 by sputterlng to
reduce the resistivity of the wordlines. The gate stack is conpl éted by
depositing a |ayer 66 of silicon dioxide and a |ayer 68 of silicon nitride
of about 80nmresulting in the structure showmn in FIGs. 8 and 17. BU 991
026/ 037 - 19 - As shown in FIGs. 9 and 18, }I}g{aultilayered gate
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stack is.selectively etched to define the first | evel of interconnect and
the gate electrodes for the CMOS FET devices to be fornmed on the planarized
substrate. The exposed polysilicon is oxidized slightly at about 1050
[er]J C. Next, a blocking mask is used to protect all of the_device regions
except where N.channel FETs are to be formed. A lightly doped N-type region
70 is then forned by I npl anting phosphorus at about 30 KEV with a dose of
about 1014 atons/cn? (1E14 atons per square centimeter). After renoval of

t he bl ocking mask, a sidewall spacer 72 is forned by depositing about 45nm
of CVD silicon nitride followed by an anjsotropic RIE of nitride present on -
pl anar surfaces. Next, the doped region§L df@silicided in a conventional

manner by evaporating about 20nm of cobalt, annealing at about 750 [err]C.
and renovi ng unreacted cobalt in dilute nitric acid.
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The devices and DRAM structure are conpleted with the foll ow ng steps
illustrated with reference to FIGs. 10 and 19. A silicon nitride sidewall
74 is_forned by depositing a |ayer of silicon nitride of about 15nm

foll owed by an anisotropic RIE step. The N+-type diffusions 76 for NFET
devices are fornmed, after placing a blocking nmask to protect PFET-regions,.
by inplanting arsenic at about 50 KEV with a dose of about 5.[err]
atons/cnferr] (5E15 atons per scuare centinmeter) followed by a crive-in
step in nitrogen at about 900 [err]C. - The P+-type diffusions for PFET
devices are fornmed, after placing a bl ocking gzk{ 0 protect NFET regions,
by inplanting boron at about 10 REVw th a d of about [err]
atons/cnierr] (SEI5 atons per scuare centinmeter). A polysilicon surface
strap 26 is fornmed tc connect the N-type diffusions fog;gﬁ n&gtne storage BU

991 026/ 037 T 2y 64
. / 1 Lo
= A H = --
N\ >N ] NSV \\\\_}—.\\\\\
P
. T 8- — —Jo -

P+
L / N
£ 8 (8
Z
s W/\
/ P . u//'. :'// 7
Z:47
L NSNS\ T SN
N
_* AN
| 32 e

This is the replaoe”menf SM- |

DU~ 2 AUG 1995



- 20 - node region 20 to the polysilicon 55 at the tops of the deep
trenches is fornmed by the use of a bl ocking nask exposing the storage node
regions, selectively etching the oxide at the trench top, depositing Ntype
polysilicon and planarizing by a chem cal -nnechani cal polishi-ng_process_t®

| eave polysilicon straps 26. Interconnects 78 of titaniumnitride and
tungsten are forned as borderl ess contacts and an interlevel  passivating

| ayer 80 of phosphorus-doped glass is deposited and pl anari zed, again by
chem cal - mechani cal polishing techniques. The DRAMis conpl eted by

provi ding a nunber of additional planarized interconnect |evels, as

requi red by the conplexity of 5/40 :
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the circuits to be interconnected. Wile the invention has been described
in terns of preferred enbodi nents, those skilled in the art will recognize
that many of the steps described above can he altered and that dopant
speecies and types as well as other material substitutions can_be freely
made w t hout departing fromthe spirit and scope of the inventi-on. BU 991
025/ 037 21 CLAIMS 1. A dynanm ¢ random access nenory devi ce conpri sing:
a sem conductor substrate having a first region of a first conductivity
type, at least one array of dynam c nmenory cells, each cell conprising an
access transistor coupled to a storage capacitor, the transistor of each
menory cell being forned ¥/40
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A d

Wi thin a-second region of said first conductivity type of said .

sem conductor substrate, each access transistor having a control electrode,
a data line contact region, a storage node region, and a channel region; a
plurality of signal storage capacitors formed in a plurality of trenches in
said substrate, each capacitor including a signal storage node and a --
reference vol tage node separated by a dielectric insulator, “least a
portion of the reference voltage node being forned in said first regi on of
said substrate and the signal storage node of each capacitor being forned
in one of said trenches and connected to a correspondi ng storage node
regi on of one of said access transistors; gnz for physically and
electrically isolating all of the channel glon of said access transistors
within said one array fromwsaid first region of said substrate, said

i solating means conprising a third.-region of opposite conductivity type to
said first region, a first portion of said third region being forned

| aterally between said first and secggy‘feglons said first portion of sai d
third region intersecting aII of trenches, said third region further

conprising a se ndi ng substantially around said array and
?7%k?Tﬁﬁﬁ??%?Tﬁﬂ'HﬂU‘?he-surﬁaee7of

ext endi ng bet
— a5 So

n p ref erence
sai d substrat e;
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means foQr biasing said first, second and third regions of said substrate to
first, second and third different voltages; and the signal storage
capacitor includes an insulating |ayer at the top of each of said trenches
haviing a thickness greater than the thickness at the bottom_of said —

trenches. 2. The dynami ¢ random access nenory device of claim 1 wherein
the third region has a inpurity doping | evel which varies with depth from
the surface of the substrate. | C L 1S =+ 22 3. The dynamc

random access nenory device of claim1l wherein the inpurity type of said
first region is P-type. 4. The dynququandon1access menory cell of claim
1 wherein the thicker portion of the'ifnsulating |ayer in said trenches
extends down to at least the level of the top of said third region. 5. The
dynam ¢ random access nenory cell of claim4 wherein the thicker portion of
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the insulating layer in said trenches extends down to at |east the {evel of
the bottomof said third region. 6. The dynam ¢ random access nenory
device of claim4 wherein the dopant inpurity of said first region is boron
and the dopant inpurity in the third region is N type. 7.---The dynam ¢
random access nenory device of claim5 wherein the access transistors are
N-channel FET devices. 8. The nethod of nakin a dynani ¢ random access-
menory devi ce conprising the steps of: pr@ﬁﬁd¥ g a sesi conduct or substrate
of a first conductivity type; formng a buried region of second
conductivity type over at |east a portion of the area of said substrate,;
formng an array of trenches in a matrix pattern,j geéMpp surface of said
substrate, each trench penetratlng'Vﬂ 0 said su rat ng substantially
into said burie egi on; _ a-diéelectric |ayar of Redet er i ned

t hi ckness on thehsi fie—3 0 ~a| .**ﬂnﬁhﬂm 7|/l ingsajid trenches

wi th a conducti r Lnplantli nd and” di f fusi round
t he perineter op \rm§a‘\ SNONSNONYYIEANCNCY
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di ffused region of said second conductivity type having a depth so as to
physically and electrically isolate a portion of the substrate wthin the
matri x pattern above said buried region; and 23 formng within the

i solated portion of the matrix pattern a plurality of sem conductor devices
for coupling signals to and from said conductive el ectrode material within
at |l east sone of said trenches. 9. The nethod of naking a dynam c random
access nmenory device of claim 8 wherein the step of formng a dielectric
| ayer on the inside surfaces of said tregches includes a step of formng a
second dielectric layer thicker than said first dielectric layer to forma
collar at the top of said trenches. 10. The nethod of making a dynam c
random access nmenory device of claim@8 wherein the source of dopant
material used to formthe buried region is Ntype.

DOUBLE GRID AND DOUBLE WELL SUBSTRATE PLATE TRENCH DRAM
CELL ARRAY

ABSTRACT

A high density substrate plate trench DRAM cell memory device and process
are described in which a buried region (32) is formed adjacent to deep trench
capacitors such that the substrate region of DRAM transfer FETs can be electrically
isolated from other FETs on a semiconductor substrate (10). The buried region (32)
is partially formed by ion implantation and diffusion to intersect the walls of the
deep trenches (22). The buried region (32) is contacted along its perimeter by a
reach through region to complete the isolation. The combined regions reduce

charge loss due to better control of device parasitics.
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is not practical and reduction of electrical stress on the capacitor dielectric by using
Vdd/2 reference node biasing is not possible. The subject invention addresses the
unsolved problems of the prior art by providing a solution to barriers presented in
extending the manufacturability of the simple SPT cell to 64 Mb DRAM and beyond.

| SUMMARY OF THE INVENTION

It is an object of the present inventiqn to ameliorate one or more disadvantages of
the prior art. )

According to one aspect of the present invention there is provided a dynamic
random access memory device comprising: a semiconductor substrate having a first
region of a first conductivity type, at least one array of dynamic memory cells, each cell
comprising an access transistor coupled to a storage capacitor, the transistor of each
memory cell being formed within a second region of sa{d first conductivity type of said
semiconductor substrate, each access fransistor having a control electrode, a data line
contact fegion, a storage node region, and a channel region; a plurality of signal storage
capacitors formed in a plurality of trenches in said substrate, each capacitor including a
signal storage node and a reference voltage node sepai'ated by a dielectric insulator, at
least a portion of the reference voltage node being formed in said first region of said
substrate and the signal storage node of each capacitor bemg formed in one of said
trenches and connected to a corresponding storage node region of one of said access
transistors; means for physically and electrically isolating all of the channel region of
said access transistors within said one array from said first region of said substrate, said
isolating means comprising a third region of opposite conductivity type to said first
region, a first portion of said.third region being formed laterally between said first and
second regions, said first portion of said third region intersecting all of said trenches,
said third region further comprising a-second subregion extending substantially around

said array and extending between said reference voltage node region and the surface of
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f orm ng a dlelectrlc | ayer on the inside of said deep trernches (22) and
~filling said trenches (22) with a conductive electrode material; ion

i npl anting and di ffusing around the perineter of said array of trenches
(22) a diffused region of said second conductivitv type having a depth so
as to physically and electrically isolat®& a portion of the substrate (10)
within the matrix pattern above said diffused region; and formng within
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Wi thin at h?s%s sec%?l(rire 8f mﬁﬁ' (ﬂftd eap voftaegréghgt?d @hzzglgnﬁustgr%%e %2;%:%017 includes an
insulating layer at the top of each of said trenches having a thickness greater than the
thickness at the bottom of said trenches.

According to another aspect of the present invention there is provided the method
of making a dynamic random access memory'device comprising the steps of: providing
a semiconductor substrate of a first conductiﬁity type; forming a buried region of second
conductivity type over at least a portion of the area of said substrate; forming.an array of
trenches in a matrix pattern in the top sﬁrface' of said substrate, each trench penetrating
into said substrate and substantially into said buried region; forming a dielectric layer of
a predetermined thickness on the inside surfaces of said trenches and filling said trenches
with a conductive electrode materia:l; ion implanting and diffusing around the perimeter
of said array of trenches a diffused region of said second conductivity type having a
depth so as to physically and elecitrically isolate a portion of the substrate within the
matrix pattern above said buried region; and forming within the isolated pﬁrtion of the
matrix pattern a plurality of semiconductor devices for coupling signals to and from said
conductive electrode material within at least some of said trenches.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

These and other objects and features of the invention will become more fully
apparent frofn the several drawings and description of the preferred embodiments.

Ways of carrying out the invention are déscribed in detail below with reference to
drawings showing only specific embodiments in which:

Fig. 1 is a simpﬁfied schematic sectional view of a substrate plate trench (SPT)
DRAM cell of the prior art illustrating the basic electrical connections of the cell.

Fig. 2 is a simplified schematic sectional view of the double grid substrate plate
trench (SPT) DRAM cell of the invention illustrating the basic electrical connections of
the cell.
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This Sheet Has BnRe laced - - 25 - 13. The nmethod of making a dynam c
random access nenory device. of claim 12 further conprising the step of
formng a buried region (32) over at |east a portion of the area of said
substrate (10) and the step of ion inplanting and diffusing around the
perimeter of said array of trenches (22) 24 diffused region of said second
conductivity type having a depth is nmade so as to physically and

electrically isolate a portion of the &b trate (10) within the matrix
pattern above said buried region. %@”@t hod of maki ng a dynam c

random acc SS deV| e of cl m 12 3 wherein the step of formng a
dielectric 25 g?g%ylcgﬁn QI aceess @gmory dev1ce Comprising: .

a semiconductor substrate having a first region of a first conductivity type,

at least one array of dynamic memory cells, each cell comprising an access
transistor coupled to a storage capacitor, the transistor of each memory cell being formed
within a second region of said first conductivity type of said semiconductor substrate,
each access transistor having a confrol electrode, a data line contact region, a storage
node region, and a channel region;

a plurality of signal storage capacitors formed in a plurality of trenches in said
substrate, each capacitor including a signal storage node and a reference voltage node
separated by a dielec&ic insulator, at least a portion of the reference voltage node being
formed in said first region of said substrate and the signal storage node of each capacitor
being formed in one of said trenches and connected to a corresponding storage node
region of one of isaid access trénsistors;

means for physically and electrically isolating all of the channel region of said
access transistors within said one array from said first region of said substrate, said

* isolating means comprising a third region of opposite conductivity type to said first

region, a first portion of said third region being formed laterally between said first and
second regions, said first portion of said third region intersecting all of said trenches,
said third region further comprising a second subregion extending substantially around
said array and extending between said reference volﬁge node region and the surface of
said substrate;

means for biasing said first, second and third regions of said substrate to first,
second and third different voltages; and

the signal storage capacitor includes an insulating layer at the top of each of said
irenches having a thickness greater than the thickness at the bottom of said trenches.
2. The dynamic random access memory device of claim 1 \;vherein the third region

has a impurity doping level which varies with depth from the surface of the substrate.
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of said deep trenches (22) includes the step of forming a thick dielectric
collar (28) at the top of said deep trenches (22). 15. The nethod of making
a dynam ¢ random access nenory device of claim 13 or 14 wherein the source
of dopant material used to formthe diffused or buried region (32) is

N-t ype. 22

3.  The dynamic random access memory device of claim 1 wherein the impurity type
of said first region is P-type. -
4. The dynamic random access memory cell of claim 1 wherein the thicker portion of
the insulating layer in said trenches extends down to at least the level of the top of said
third region.
5.  The dynamic random access memory cell of claim 4 wherein the thicker portion of
the insulating layer in said trenches extends down to at least the level of the bottom of
said third region.
6. The dynamic random access memory device of claim 4 wherein the dopant
impurity of said first region is boron and the dopant impurity in the third region is N-
type.
7. The dynamic random access memory device of claim 5 wherein the access
transistors are N-channe] FET devices.
8. The method of making a dynamic random access memory device comprising the
steps of:

providing a semiconductor substrate of a first conductivity type;

forming a buried region of second conductivity type over at least a portion of the
area of said substrate; ‘

forming an array of trenches in a matrix pattern in the top surface of said substrate,
each trench penetrating into said substrate and substantially into said bﬁried region;

forming a dielectric layer of a predetermined thickness on the inside surfaces of
said trenches and filling said trenches with a conductive electrode mziterial;

ion implanting and diffusing around the perimeter of said array of trenches a
diffused region of said second conductivity type having a depth so as to physically and
electrically isolate a portion of the substrate within the matrix pattern above said buried

region; and
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forming within the isolated portion of the matrix .pattern a plurality of
semiconductor devices for coupling signals to and from said conductive electrode
material within at least some of said trenches.
9. The method of making a dynamic random access memory device of claim 8
wherein the step of forming a dielectric layer on the inside surfaces of said trenches
includes a step of forming a second dielectric layer thicker than said first dielectric layer
to form a collar at the top of said trenches.
10. The method of making a dynamic random access memory device of claim 8

wherein the source of dopant material used to form the buried region is N—Eype.
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DOUBLE GRID AND DOUBLE WELL SUBSTRATE PLATE TRENCH DRAM
CELL ARRAY

ABSTRACT

A high density substrate plate trench DRAM éell memory device and process
are described in which a buried region (32) is formed adjacent to deep trench
capacitors such that the substrate region of DRAM transfer FETs can be electrically
isolated from other FETs on a semiconductor substrate (10). The buried region (32)
is partially formed by ion imp-lantation and diffusion to intersect the walis of the
deep Hemﬁes (22). The buried region (32) is contacted along its perimeter by a
reach through region to complete the isolation. The combined regions reduce

charge loss due to better control of device parasitics.
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