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Buri%g-strap Formation in a DRAM %reﬁgﬁ 5apaciéof

Field of Invention

The field of the present invention relates generally
to dynamic random access memories (DRAMs), and more
specifically to a process for making an electrical
connection between a trench storage capacitor and an
access transistor in a 256Mb DRAM cell.

Background of the Invention

Dynamic random—-access memory (DRAM) cells are
composed of two main components, a storage capacitor .
(which stores charge) and an access transistor (which
transfers charge to and from the capaéitor). The-
capacitor may be either planar (on the surface) or trench
(etched into the semiconductor substrate). In the
semiconductor industry where there is an increased demand

for memory storage capacity coupled with an ever

decreasing chip size, the trench capacitor layout is
favored over the planar capacitor design because this
particular setup results in a dramatic reduction in the
space required for the capacitor without sacrificing
capacitance.

A very important and extremely delicate element in
the DRAM cell is the electrical connection made between
the storage trench and the access transistor. Such a
contact is often referred to in the art as a self-aligned
conductive strap. This strap (which may be on the
surface or may be buried) is formed at the intersection
of the storage trench and the junction of the array
device by dopants which, through a thermal processing
step, are outdiffused from the highly doped poly-silicon
£ill (located in the storage trench) into the substrate
(from which the trench was cut). One such method for

‘preparing a self-aligned burisd strap in a 256Mb DRAM
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for an additional mask, commonly practiced in the art, by

10 using a step of forming a shallow trench isolation (STI)
to define the strap.

Several other technologies for forming straps

between a trench storage capacitor and a DRAM array

_ device are described in U.S. Pat. No. 5,398,559 entitled

15 - "METHOD OF FORMING INTEGRATED INTERCONNECT FOR VERY HIGH
DENSITY DRAMS" issued to Hsieh et al. The techndlogies
described therein involve the deposition of a conductive
layer (doped polysilicon is preferred) which is later
formed into a strap. The complete process involves the

20 formation of a trench capacitor in a silicon substrate
{(as discussed above), followed by the deposition of a
layer of doped polysilicon or other conductive material
"over the substrate. The polysilicon layer is then
selectively removed from parts the substrate and a

25 second, more shallow, trench is then etched into the
substrate. This second trench is then filled with oxide,
and pass gates are made on the substrate according to
well known procedures familiar to those practicing the
art. To complete the processing, the pass transistors

30 are then strapped to the trench capacitors with the
remaining portions of the doped polysilicon layer.

A schematic drawing of a 256Mb trench DRAM cell

equipped with a conventional strap 10 is depicted in FIG.
1A. The structure consists of'a trench capacitor 20

35 which is etched into a single crystal P-doped silicon
substrate 26. The lower level of the trench 12 is
‘typically filled with an N-doped polysilicon material



step, are outdiffused fromthe highly doped poly-silicon 35 fil
(located in the storage trench) into the substrate - (from whi ch
the trench was cut). One such nethod for “preparing a self-aligned

buri ed strap in a 256Mo DRAM 96 P 7406 ,
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" SI:BL%-ITALI%S\%D BURI ED STRAP FOR TRENCH TYPE M DEVI CES" i ssued
'to Bronner et al. This nethod uses a sinple pol ysilicon strap

whi Ch CONNECt S 4iEcROLLALSBY 2kl rBndithe P-dopel shitftE¥REiylari 0 Lhe
pass transistor, of the cell, and formed froma blan et
deposition of stRsplakiegih PdﬁhpéﬁleCtrlc barriexr 2dpsedddSinpl &d from -

top surfaces bytherthéhch may be filled with a P-doped polysilicon
material, should P-doping be required. The storage node
5 14 of the capacitor in the trench is connected to the
pass transistor's source 29 by a self-aligned buried
strap 10. It has been found that this strap should be as
small as possible, and an ideally sized strap should be
one which protrudes less than 0.1lum laterally into the P-
10 doped well 26 and vertically no more than the thickhess |
of the shallow trench isolation (STI) 28 which isolates
this cell from adjacent cells. The capacitor's opposite
plate is formed by an N+ region outdiffused from the deep
trench sidewalls. The DRAM cell includes  a bit line 27
15 which runs horizontally connecting the cell's bit line
contact 25 to other cells' bit line céntacts. One of the
DRAM's word lines 23 forms the pass gate 29 to an
adjacent cell. A second array word line 15 runs
vertically, passing over the trench capacitor and
20 partlally over a shallow trench isolation (STI) region
28, forming pass gates for other adjacent cells.
Typically, the strap 10 (in FIG. 1A) that connects
the storage plate 14 to the pass gate 29 in a DRAM cell
is formed in a conventional thermal process which allows
25 the N(or P)-type dopants present in the trench 12 to
diffuse upwards through the storage plate 14 (which is
undoped and made of polysilicon) and into the P-doped
well 26 through a narrow opening 18. The dopants cannot
diffuse through the node dielectric 24 or oxide collar
30 16. The object of the process is to limit the size of
this outdiffused buried strap region by impeding the flow
of N-type dopants into the P-type well region.
There are two major problems associated with prior
art buried strap formation techniques. The first is that
35 after the buried strap has been formed, the thermal
budget of any further process is limited. This means,
quite simply, that once the strap has been formed, the
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processing, the A ll@NSiRiOf Peads to an excessive dopant outdiffusion
10 from the trench poly-4silicon fill underneath the
transfer gate and towards the neighboring memory cells.
This dopant outdiffusion results in unacceptable changes
in the transfer device characteristics of the cell as
well as possible electrical leakage between neighboring
15 cells. | |

An example of this is phenomenon-shown in FIG. 1B
which depicts the simulated buried strap outdiffusion
experisnced in a prior art 256Mb DR3M cell of FIG. 1A
after being subjected to a thermal hudget equal to 90 min

20 of further DRAM processing at 1050°C. As can be seen,
excessive dopant outdiffusion has occurred resulting in a
strap 30 having a size that may be detrimental to the
device. An ideal sized strap 32 and the strap made with
conventional processing 10 (shown with broken lines) have

25 been provided in the figure for comparison purposes.

The reason for the excessive dopant outdiffusion is
related to a second problem that is associated with prior
art buried strap formation processes. This problem
involves the generation of extended crystal defects at

30 the interface of the poly-crystalline trench fill and the
silicon substréte. This interface is located next to the
area where the oxide collar 16 expands most during the
oxidation steps of the fabrication process, and is
therefore exposed to the highest stress field. During

35 the oxidation steps, the poly-silicon trench £fill 14
connected to the single-crystalline silicon substrate
starts to recrystallize in an uncontrolled manner over a



30 are then strapped to the trench capacitors with the

remai ni ng portions of the doped polysilicon |ayer. A
schematic drawi ng of a 256My trench DRAM cel | equi pped with a
conventional strap 10 is depicted in FIG 1A. The structure
coBgi pt 940k a trench capacitor 20 35 gwhich is etched into a single
crystal P-doped silicon substrate 26. The | ower |evel of the
trench 12 is typically filled with an N-doped polysilicon

mat eri al dist¥hd? Alich can be as far as the width o8 the collar
which is isolated fromthe P— ed, substrate I nsul ati ng
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defects in the polycrystalline grains (including twins,
stacking faults, etc.) act as seeds for defect formation
5 at the interface with the neighboring substrate. When
this occurs, the crystal defects ‘which are generated
there are pushed far into the substrate where they can be
detrimental to the device. :
The result of the oxidation process that follows
10 buried strap formation in accordance with prior art
techniques is depicted in FIG. 1C. During this process,
oxygen can diffuse from the substrate surface 36 into the
collar oxide 16 and oxidize the sidewalls of the poly-
silicon trench £ill 14 and the substrate 26. This collar
15 expansion 34 leads to a high stress level and to the .
generation of extended crystal defects in the substrate
such as dislocations and stacking faults around the most
expanded part of the oxide collar, which can thereby
cause electrical leakage across the junctions of the
20 associated transistor. If the stress built up during one
or several oxidation steps is below the critical level to
generate crystal defects, and if there is enough fhermal
budget to relieve this stress by thermal anneals after
the oxidation steps, then the formation of extended
25 crystal defects can be prevented. Therefore, a high
thermal budget which allows proper stress relief anneals
is essential for a successful fabrication of a DRAM with
the deep trench and buried strap concept.
It is, therefore, an object of the present invention
30 to provide an improved method'for connecting an access
transistor to a trench stofage capacitor of a 256Mb DRAM
cell which allows a much higher thermal budget for
further DRAM processing than prior art methods and
enables appropriate stress relief without excessive
35 dopant outdiffusion. -
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o be of a first conductivity, lining the well with a
semlcqnductlng material having a dopant which causes the
semiconducting material to be of a second conductivity,
and allowing the dopant which causes the second
conductivity to partially diffuse into the original
substrate. The partially diffused dopant of the second
conductivity completely surrounds the'trench, and the
well, which is filled with a semiconducting material
having a dopant which causes the semiconducting material
to'be_of one the first and second conductivities, is
isolated from the original substrate by a layer of
dielectric material. The trench is then recess etched
and an insulating.oxide collar 'is formed. The newly
formed trench, which is not as deep as the original
trench, is then filled with either doped or undoped
polysilicon. The trench is etched a third time to reveal

the trench sidewall from which a single crystalline
silicon layer is grown using epitaxy (epi). The epitaxy

may be selective or non-selective. The non-selective
epitaxy process is accompanied by a polishing step which
is not needed if selective epitaxy is chosen. The
process of forming the actual electrical connection
between the trench storage capacitor and the access
transistor is éompleted by forming the active area of the
access transistor which causes the dopants present in the
storage trench to selectively outdiifuse through the
polysilicon £ill region and the epitaxially grown single



25. the N(or P)-type ddpants present in the trench 12 to , di ffuse
upwar ds through the storage plate 14 (which is undoped and nade
of . polysilicon) and into the P-doped wel | 26 through a narrow

openi ng 18. The dopants cannot di ffuse through the node
di eP6écPri7é084 or oxide collar 30 16. 7The object of the process is
tolimt the size of this outdiffused buried strap regi on by
i npedi ng the flow . of N-type dopants into, the P—tyfe wel | region.
There are two naaraﬁtmldmwmcgl%uw#mwormto a sélegtedpppredon
strap formationdfeddhd @i8yindle Wdrst is that 35 after the buried
strap has been forned, the thermal . budget of any further process
is limted. This neans, quite sinply, that once the strap has
been formed, the - 96 Pridfbpescription of the Drawings 4
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In order to better understand the present invention,
‘reference should be made to the following detailed
description taken in conjunction with the accompanying
drawings wherein:

10 FIG. 1A depicts a cross-sectional side view through a
conventional 256Mb trench DRAM cell having a self-aligned
buried strap made in accordance with prior art buried strap

techniques;
FIG. 1B depicts the simulated Dburied strap
15 outdiffusion which occurs after a thermal budget equal to
90 min at 1050°C has been applied to the DRAM cell of FIG.
1A;

FIG. 1C depicts the expansion of the collar oxide

layer of the trench cell of FIG. 1A during the oxidation
20 process fbllowing the formation of the buried strap;

FIG. 2A depicts the deep trench of-a DRAM cell as it
appears in the initial stages of the inventive method;

FIG. 2B dépicts the deep trench of a DRAM cell as it
appears prior to the epitaxial growth technology of the

25 present invention;

FIGS. 2C~-G depict different stages of epitaxial growth
of a single crystalline silicon region which occurs
according to the process of the present invention;

FIG. 2H depicts a top view of FIG. 2F showing the

30 complete stages of epitaxial growth;

FIG. 3 depicts the -epitaxially grown single
crystalline silicon region as it appears in a 256Mb DRAM
cell constructed according to the present invention; and
the resulting simulated buried strap outdiffusion after a

35 thermal budget equal to 90 min at 1050°C has been applied to
this 256Mb DRAM cell.
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33 which is formed by etching a deep trench down to a first
10 1level 65 into a P-type silicon substrate 37 which has been
doped  with boron at 2x10' cm™®. The formation of this
trench is conventional and well known to those skilled in
the art. The depth of the trench is not critical, and may
be chosen for convenience. A buried-plate 70 is then
15 formed in the P-type silicon substrate 37 by covering the
freshly excavated trench with a thin léyer of arsenic doped
tetraethyloxysilane (TEOS) and allowing the N-type dopants
to partially diffuse into the P-type substrate. This
‘creates a layer 35 of N-type dopants which surrounds the
20 trench isolating the P-well 33 from the P-substrate 37. A
thin node dielectric 38 is then formed on the trench
sidewalls and the trench is filled with polysilicon doped
with arsenic at 5x10! cm™. Alternatively, the trench may
be filled with a P-carrier if P-type doping is desired.
25 The N-(or P-)doped polysilicon is then recess etched to a
second level 50. A 50nm CVD oxide layer is then deposited
and an oxide collar 39 is formed by using a spacer etching
technique. The trench is then refilled with either doped
‘or undoped polysilicon 72. Up to this point, processing of
30 the 256Mb DRAM has been conventional.

' Refefring now to FIG. 23, the polysilicon layer 72 is
recess etched to a third level 74 which has a depth of,
tYpically, 100 to 200 nm. In this etch, the oxide collar
39, produced in the aforementioned steps, is also removed

35 along the silicon trench sidewall 41 down to the top 74 of
the polysilicon 72 that forms the storage plate.
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substrate
a in FIG. 2H. The single crystalline layer 60 will operate

to substantially prevent excessive outdiffusion of N-type
dopants present in.. the trench in subsequent DRAM
10 processing. In FIG. 2C, the epi layer 60 starts growing
with <111> facets 51 and (110) and (100) top planes 53 from
the trench sidewall 41. The epi layer 60 dgrows as
polysilicon 62 (ie. not crystalline) from the poly fill 72
- into a cone-shaped region 56 (seen in full in FIG. 2E). In
15  FIG. 2G, the polysilicon-epi interface 54 lies on a (111)
plane -(identical to those represented by 51), forming an
angle 52 of 54.7 degrees with the trench sidewall 41. At
the time indicated by the growth stage 44 (FIG. 2E), the
epi fronts growing from the trench sidewalls merge and form
20 a single crystalllne layer 58 on top of the polysilicon
cone 56. _

The selective epitaxial growth process is performed at
a temperature of between 800 and 1000 degrees Celsius with
- the reaction chamber pressure generally set between 1 and
25 80 torr. Hydrogen is pumped into the chamber at a flow
rate of between 1 and 200 ml/sec, and the HCl gas flow rate

is set between 100 and 1000 cmﬂ/sec in the reaction chamber.
The epitaxial process can also be performed non-selectively
by eliminating the HCl gas flow. In this case, an

30 additional polishing and recess etching step is required.
FIG. 3 illustrates the epitaxially grown single
crystalline silicon region 60 as it appears in a 256Mb DRAM
cell after further processing in accordance with the
present invention. As shown, a shallow trench isolation
35 region 84 has been fabricated along with an active area 82
accofding to the standard POR 256Mb process. Further DRAM
processing forms a buried strap 90 on one side of the
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be as far as the wdth of the collar _ oxi de. Due to the inherent
hi.gh stress field, crystal defects in the polycrystalline
grains (including tw ns, stacking faults, etc.) act as seeds
foro@lepeza0éor mati on 5 at the inteabace with the nei ghboring
substrate. \Wen this occurs, the crystal defects which are
gener at ed there are pushed far into the substrate where they can
be detenabntalpatcd tiolre tdencuegh controlled outdiffiesienubif o (e
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surface 36 int 0e1§i"€ax1ally growAOkh 1exe99sé§1a§§19ébell Z8giba %bdaw@lfle&sof
t he poly- i con trenc 14 and the substrate 26.
cottar 5 sErempahie SeTBRY Ry 15 LiGRR 050 HBe TeBA0R SndlR othRE the
' crystalllne layer is more capable of preventing excessive
dopant outdiffusion during the processing steps that form
the buried strap. This difference can be seen by comparing
the buried strap 90 (FIG. 3) made according to the present
10, invention to the buried strap 10 (FIG. 1A) made according
to prior art techniques. After the growth of the single
crystalline region 60, additional thermal budget, which is
not possible using prior art techniques, may then be used
for stress relief anneals in the surrounding area without
15 excessive outdiffusion from the N-doped polysilicon 70 into
the substrate region.

The formation_of the buried strap 90 (FIG. 3) was
based on a thermal budget which did not include any stress
anneals, plus an additional thermal budget for stress

20 relief of 90 minutes at 1050°C, making it identical to the
prior art process used in FIG. 1B that resulted in
excessive buried strap outdiffusion 30. As can be seen
from the simulated results in FIG. 3, the distance 78 of
the buried strap'outdiffusion laterally into the P-well 37

25 is less than 0.lum assuring that the short channel rolloff
of the transfer device is not degraded. Additionally, the
vertical depth 76 of the buried strap diffusion in FIG. 3
is less than the STI depth 80 assuring that there is no
strap to strap leakage. For comparison purposes, FIG. 1B

30 depicts an identical structure, simulated with the same
thermal budget as in FIG. 3, but without the use of the
epitaxial buried strap method. As can be seen in FIG. 1B,
the buried strap outdiffusion 30 is excessive (about 0.15um
laterally) and may be detrimental to the transfer device.

35 Using the technique described herein, the strap 90 formed
in FIG. 3 clearly approaches the size of an ideal strap 32

(in FIG. 1B).



generation of extended crystal defects in the substrate such as
di'sl ocations and stacking faults around the nost expanded part
of- t he oxide collar, which can thereby cause el ectrical |eakage
acr t junctions of the 20 associgted transistor. |If the stress
bui#?sﬁﬁﬁg%éing one or several o#idation steps is below the
critical level to - generate crystal defects, and if there is

enough t her mal : e i |.§ st S ls
after e VSl b8, | EBakaht sy IS Fieef capugiRaR
- 25 crystal defsubstanhibdlpr emencanes Thenyf o, thehipoblems associpgedal
budget which al], S d S ' tial
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buri ed strap copR¥picular, the present: jimvephipef@ldowf 8BFed® OFepher
present inventi®mMermal Blldgke PR deaMtidaived det hoslsler prAMECtelgsan
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“processi ng t harhglportarpreeehvddepddt formation €habhessappeopr sabstgatess

relief without oxc€S?' Y% uncont2o19287 e 8tiiY8:8Rion of the buriea
' strap. _ :

10 It should be understood that the embodiments described
herein are merely exemplary and that a person skilled in
the art may make reasonable variations and modifications to
these embodiments utilizing functionally equivalent
elements to those described herein. Any and all such

15 variations or modifications as well as others which may
become apparent to those skilled in the art, are intended
to be included with the scope and spirit of the invention
as defined by the appended claims.
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Sunmary of the ‘Invention :

el ectrical connection between a trench storage capacitor and an
5 DRAM cell jp which the connection is

accggspt haggi stor in a |
f or med tzrough'the use of an epitdxially greﬂﬁ-s+ngLe__________
crystalline silicon | ayer. The trench storage
formed by etching a-well into gguhsfrate of H’ mI"

se

mat eri al havi ng a dopant whi ch~Causes the
mat eri al 10 to be of a first conductivity, lining the well mnth

sen conducti ng wRheriial Navmad ggdopant whi ch causes the
sem conducting material to be of a second conductivity,

A net hod for making an

5 1. A DRAM cell of a type including a trench
storage capacitor having a trench formed in a substrate
of semiconducting material having a dopant which causes
said semiconducting material to be of a first
conductivity, said trench being lined with a semi-

10 conducting material having a dopant which causes said
semiconducting material to be of a second conductivity,
said dopant of said second conductivity also being
partially diffused into said substrate, and said trench
being lined with'a layer of dielectric material and

15 filled with semiconducting material having a dopant which
causes said semiconducting material to be of one of said
first and second conductivities, said trench being
partially etched, lined with an oxide collar, and filled
with a semiconducting material which may be either doped

20 or undoped; an access transistor formed on said sub- '
strate; and an electrically conductive region in said
substrate, which connects said trench storage capacitor
to said access transistor; the improvement therewith
comprising:

25 " a layer of single crystalline semiconducting
material disposed in said trench wherein said single
crystalline semiconducting material selectively controls
the size of said conducting region by limiting the
outdiffusion of said dopant through said single

30 crystalline semiconducting material during the formation

of said access transistor.

2. A DRAM cell according to claim 1, wherein said

conductive region is of a predetermined size selected to

35 prevent electrical breakdown with an adjacently located
DRAM cell.



and al fowi ng the dopant which causes the second . conductivity to

partially diffuse into the original" 15 substrate '

di ffused dopant of the second conduct|V|ty Cmt elﬁ “

t he gler n~neand the wel |, which | filled

- mat gtrsi g,rclqoe)a havi ng a dopant which causes t he s “‘3\!
mat eri al to be of one the first and second conduct|V|t|es

20 isolated fromthe Orﬁﬁ'gﬁgﬁﬁﬂforéﬁébfﬁl |@Me%1§im 1, wherein ﬁald

“dielectric material. The tr t hen reces
i nsul ating oxi déidglarcrystakkine semi¢endycting matermbrhedqrpsncﬁrom

which is -not asdegpiamiNGPdfid®rench by epitdfPClepif.then filled with

ei t her doped or undoped 25 polysilicon.™ The trenc is etched a
third tine to reveal the trench sidewall from which a single
~crystallines 4 Si |'J?r£t£)rDIUa§/e:fe]iJS AEENA Lisd Nigo ePLa Bx Y3 [ epheéreIfesaid
epi t axy e V&R -sel ective. The non-sel ective
‘epi t axy process S acé}jﬁps;néle yﬁ'ae pecﬁ]]lqgﬁggg step which 30 is not
‘needed if selective epitaxy is chosen. The '~ process of formng
the actual electricals CORRCIGRAM cell accoREiNE b tdEaim eNCuRéPEPRCsaid
capacitor and the access transistor is conpleted by formng the

active area of grdtaxy is nongsedective, SR¥HX¥mich causes the dopant s
present in ige

6. A method of fabricating an electrical connection
between a trench storage capacitor and an access.
transistor in a DRAM cell, said trench storage capacitor
including a trench formed in a substrate having a dopant
15 which causes said semiconducting material to be of a

first conductivity, said trench being lined with a

semiconducting material having a dopant which causes said

semiconducting material to be of a second conductivity,
said dopant of said second conductivity also being
20 partially diffused into said substrate, and said trench
" also beihg lined with a layer of dielectric material and
filled with a semiconducting material having a dopant
which causes said semiconducting material to be one of
said first and second conductivities, said trench being
25 partially etched, lined with an oxide collar, and filled
with a semiconducting material which may be either doped
or undoped, said method comprising the steps of:
etching portions of said layer of said oxide collar
and said layer-of'semiconducting material to re-open a
30 portion of said trench;
filling said portion of sa1d trench with a single
crystalline semiconducting material; and
forming an active area of said access transistor on
said substrate, said forming causing a selectively con-
35 trolled outdiffusion of said dopant along a'path that
extends through both said single crystalline semi-
conducting material and a selected portion of said



35. storage trench to selectively outdiffuse through—the

: ponS|I|con fill region and the epitaxially grown S|n 7406
7 crystalline sem conducti ng | ayer, | nt (o] lmm"’mlummﬂ’ﬁll
of .t he ori %I nal well. Bescr 'W0N sO

Dr awiengs 5 In order b better under st and the
. present. invention, ~ reference shoul d be nade.to the follow ng
detailed subsPEREL ) PLALE SRR L nGO0L 40EEL O 14! BohBEREGRTRARY N

operating to electrically connect said trench storage
‘capacitor with said access transistor.

5 7. The method according to claim 6, wherein said
step of filling of said portion of said trench with said
single crystalline semiconducting material includes the
step of growing said material by epitaxy (epi).

10 8. The method according to claim 7, wherein said
step of growing said single crystalline material by
epitaxy (epi) includes the steps of:

simultaneously growing a single crystalline layer in
said trench from the sidewall of said trench and a

15 polysilicon layer from said doped or undoped

semiconducting material present in said trench; and
forming a single crystalline layer on top of said

doped or undoped semiconducting material where said

single crystalline layers growing from said trench

20 sidewall merge.

9. The method according to claim 6, wherein .said
single crystalline semiconducting material is silicon.

25 10. The method according to claim 6, wherein said
single crystalline material becomes doped during out-

diffusion.

11. The method according to claim 6, wherein said
30 step of etching portions of said layer of dielectric
material and said semiconducting material to re-open a
portion of said trench includes the step of recess

- etching.

35 12. The method according to claim 6, wherein said
first conductivity is.P—type and said second conductivity

ig N-type.



dr.aw rigs wher ei n: _ 10 - FIG 1A depicts a cr@ss_sacl_LQLm de

view t hrough a conventional 256Mo tr havi n

sel f-al i gned buried strap nade in accordanCel "‘u "Hm ”Jmnm
buried_stra t echni ques; t he
si n%@a?e'él‘mguri ed strap: 15 outdiffdsion which occurs after *

t hermal budget equal to 90 m n at 1050[err]C has been applled to

the DRAM cel |l of FI - .F j ct e
expansi on of the coFﬁgr o%?ﬁbmethd& acconding ta qladn réH%% éﬁﬁ;$'%?e
1A during the opatihtiiocludes N2Gyper dcemxﬁsnlwmmglame dqulidiief fugedfxomn
buried strap; g5id4 trench. FIG 2A depicts the deep trench of a DRAM

cell as it appears in the initial stages of the inventive
~net hod, FIG 2B depicts the deep trench of a DRAM cel | as
it 5 appearg4pri ar mTthbﬂeonlfta@ﬁlﬁﬂatgr teq@uuhw of the

25 present invention 455 2C- G de qifferﬁgt st ages
of epitaxial grE@RRRection betwegn a2 Liren GG A% AHn whi ch
occurs : accéseot@hng ik@olrhdnp a0 ORAM @‘eltlh@anp&ﬁ@ﬁng I‘blféltstups of:

"FIG 2H depicts a top,vjew of F.show n G St ages
of epitaxial gromﬂh;gt hlng Erenc% into a %u% %rate ofgsemlc n&%é% g?
material, said semiconducting material having a dopant

' 10 which causes said semiconducting material to be of a
first conductivity;
lining said trench with a semiconducting material
having a dopant which causes said semiconducting material
to be of a second conductivity;
15 partially diffusing said dopant which causes said
' second conductivity into said substrate;
lining said trench with a layer of dielectric
material;
filling said trench with a semiconducting material
20 having a dopant which causes said semiconducting material
to be one of said first and second conductivities;
etching portions of said layer of dielectric.
material and said semiconducting material to partially
re-open said trench;
25 refilling said partially re-opened portion of said
trench with an oxide;
selectively etching said oxide to form a dielectric
collar;
_ | refilling said second trench with doped or undoped
30 polysilicon;
| etching portions of said doped or undoped
‘polysilicon layer and said dielectric oxide collar to
partlally re-open said trench;
growing a single crystalllne layer from a sidewall
35 of said trench; and
| forming an active area of said access transistor on
said substrate, said forming causing a selectively



FIG. 3 depicts the epitaxially grown single crystalline
silicon region as it appears in a 256Vb DRAM \ construct ed
according to the present invention; and t he Uﬂ“‘ﬂj l”;u Uwed
bur-pgdpstyal outdi ffusion after a 35 f#rarnal bu c n mn
at 1050[err]C has been applied to - this 256Mb DRAM cel |

96 P 7406 8 Det ai | ed

Desc_ridption of '&:B@xt'dr@&qréd gﬁ.}ctdiffusion of said _Ei@pam@saeml rgéf‘ae}??i;ﬂnthat
provi des an i nproye t.hod faqr . formng an electrically
conduct i ng straﬁ’%&\ﬂ%ﬁﬁ%%@t&@h said single crystaliine semi
conducting material and a selected portion of said
substrate, said path being electrically conductive and
5 operating to electrically connect said trench storage

capacitor with said access transistor.

15. . The method aécording to claim 14, wherein said
first conductivity is P-type.
10
16. The method according to claim 14, wherein said
second conductivity is N-type.

_ 17. The method according to claim 14, wherein said
15 step of growing said single crystalline layer from said
trench sidewall comprises epitaxy (epi).

18. The method according to claim 17, wherein said
epitaxy is selective. '

20
"19. The method according to claim 17, wherein said

epitaxy is non-selective.

20. The method according to claim 14, wherein said
25 step of growing said single crystalline epi layer -
includes the steps of:
growing a single crystalline silicon layer with
<111> facets and (110) and (100) top planes from the
trench sidewall;
30 * growing polysilicon from the doped or undoped
polysilicon £fill region;
forming an interface between said polysilicon fill
region and said single crystalline region which lies on a
(111) plane and forms an angle of 54.7 degrees with said

35 trench sidewall; and



S .transistor and a storage capacitor in a DRAMcell. A 256M

DRAM cel |l 40 constructed in accordance with the preseﬁr‘*

invention is depicted in FIGS.  2A-2H and 3. Referrlng'ro
170 evel g!/'ﬂ

?ﬁ %’A’%Oge DRAM 40 consists of a P-well Ml,wm by

eep trench down to a-first
SI licon substrate 37 which has been doped with boron" ats  *

e L nal Moo ) o fonhihd O Bindle Crdftal1ine 1ayer ShOBEP OF the

depth of the tpaigsilkicon cone iwhere arhie neingle crystalbénehbagersor

conveni ence. g%o‘g};,{d'oeﬂ.ﬂag @’ﬁﬁc}{ hffdewalls]}?erégrmd in the P-type

silicon substr y covering y ‘excavated trench
with a thin |layer of arsenic doped t et raet.hyl oxysi | ane ( TEQS)

and all owi ngy the N—tzyipe @92 MHethod accordind E@réié‘iﬂl)@é" fvf:Hé?ebi?t Qalfe
P-type substrate. ..Creates a %%E° gﬁe dopants
whi ohsurt oundg ihgde’ crYSt?OUJt“reer&er%‘%ﬂ e&%gr% . m?d%% ®m t he
P-substrate 37uncéntrolled £1dwidT gLl eddént 38n i saidebréncneines the

trench | and he trench is filled with polysilicon doped
W th arsenic aFa%?l&F‘ ra rﬁérl'e Alternatlvely the trench may
be filled V\nthaP-carrler i f P—type dopi ng i s desired. 25 The N-(or

P-) doped ysilicog,is | | 50.
A 50nm C\/?S(Hom de | ager | tsﬂ'ﬁ mre% epogﬁ&ggﬁ&é) b clain 20, V&L EXE
epitaxial growth process is performed at a temperature of

between 800 and 1000 degrees Celsius in a reaction
chamber where the chamber pressure is set between 1 and
80 torr, hydrogen is pumped into the chamber at a flow

15 rate of between 1 and 200 ml/sec, and the HCl gas flow
rate is set between 100 and 1000 cm’/s'e.c..

23. The method according to claim 20, wherein said

electrically conductive path that forms said electrical

20 connection between said trench storage capacitor and said

access transistor protrudes not more than 0.lum laterally
into said substrate.



~

and an oxide collar 39 is fornmed by using a spacer etching

technique. The trench is then refilled with either doped or
undoped polysilicon 72. Up to this point, processing of 30 the 256M
DR pagsggen conventional . 1Bﬁferring_nowto FIG 2B, the
polysilicon layer 72 is recess etched to a third level 74 which
has a depth of, typically, 100 to 200 nm In this etch, the oxide
col | ar 39, produced in the af gy @%@gepned steps, is also renoved
35 along the silicon.trench sidewall 4 the top 74 of

the polysilicon 72 that forns the storage plate. 96 P 7406

Ihl G3. méxRéadepbst ety oMY edfectSidil e il ide

between a trench storage capacitor and an access transistor

5 in a DRAM cell, the electrical connection is formed through

the selectively contrpolled outdiffusion of either N-type or

P-type dopants present in the trench through a single

crystalline semiconducting material which is grown by

epitaxy (epi) from the trench sidewall. This epitaxially

10 grown single crystalline layer acts as a barrier to

' excessive dopanﬁ outdiffusion which can occur in the
processing of conventional DRAMs.

_\
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silicon layer®®Rs®06from the trench sidewall 41, using

sel ective epitaxy (epi). The different stages of growth of t he
single crystalline silicon epi layer 60 which starts : 5 fromthe
trench sidewall 41 are nunbered 42 to 46. A cross-secti onal
view of all of these growth stages appears in FIG 2H The
single crystalline layer 60 will operate to substantially
prevent excessive outdiffusion of N-type FI dopants present in
the trench in subsequent DRAM 10 Gbroc@gy In FIG 2C, the
‘epi layer 60 starts grow ng wth <111> facets 51 and (110) and
(100) top planes 53 from - the trench sidewall ﬁlfl‘ 7 The epi

| ayer 60 grows as polysilicon 62 (ie. not crydtalline) from
the poly fill 72 into a cone-shaped region 56 (s en inffull in
FIG 2E). In 13H~KIG2G T porystrtcon-epr Mm@ race 54 1ies on a
(11D pl ane ([denti cal seqfepres 51), form ng an
angl e 52 of 54.7 degrees{witl] the trendf sidewal | |41. A - the
time indicated by the grpw hifstage—44—Fl G 2E), (ke epi fronts
growing fromthe trench sideMal | s nerggfand form 0 asingle
crystalline |ayer 58 on tep-ldi—the—pelsteon €oR :

The sel ective epitaxial growh d[ggess I'S gcar'r r mgd ' ' 8
tenperature of between 800 and 1069 degree ifls with 66

18 T™~1

b

7B
24\%/12
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t he reacti orP6dh#Bber pressure generally set between 1 and 25 80

torr. Hydrogen is punped into the chanmber at a flow rate of
between 1 and 200 nl/sec, and the HCl1 gas flow rate - is set
bet ween 100 and 1000 cnierr]/sec in the reaction chanber. The
epi taxi al process can al so be perforned non-sel ectively by
elimnating the HO gas flow In this case, an - 30 additional
pol i shing and recess etching step is required. FIG 3
i-llustrates the epitaxially grown single crystalline silicon
region 60 as it appears in a 256Mb DRAM - ~cell "after further
processing in accordance with the present invention. As shown, a
shal l ow trench isolation reglﬁgrzﬁ hziébeen fabricated along with
an active area 82 accordlng ndard POR 256Mo process.
Furt her DRAM processing forns a buried strap 90 on one side of
t he '

/ AN

L
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96 P 7406 96 P 7406 - 10 trench capacitor

t ht ough. control |l ed outdiffusion of N (or P-)type dopants present
_in the trench. _ Conparison of FIGS. 3 and 1A shows that the
epitaxially -grown single crystal silicon region 60 differs 5 from
the normal poly-silicon grain region 66 in that the crystalline

| ayer is nore capable of preventing excessive - dopant
out di f fusi on duringizﬁf essing steps4fhat form t he buried
strap. This differ ‘cafr’be seen hy cofparin the buried strap

90 (FIG 3) made according to th present 10 invention to the buried
“strap 10 (FIG 1A) nade accordin tq prior t techni ques.
After the growth of the single crystjal I i ne rjegi on 60, additional
t hermal budget, which is gossi blle] usi ng{prior art
techni ques, may then be used. flor strieps relief anneals in the

t

g

not -

- surroundi ng area w t hout 15 exceg$di ve ol dlff%?lon fromthe N-doped

- polysilicon 70 into t he substriate rg _/w’ The
- formation of the buried strap 90 (FI 3) was based on a therma

- budget which did not include any stréssS\
-1

37

FIG. 28 0
/ 41
N

.72‘\\‘~ 74

. RS

3 50

This Sheet Has Been Replaced
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'anneals plusg%ﬁ7ﬁﬁﬁlt|onal t her mal budget for stress 20 relief of

90 minutes at 1050[err]C, nmaking it identical to the prior art’
process used in FIG 1B that resulted in excessive buried strap
outdi ffusion 30. As can be seen fromthe sinmulated results in
FIG 3, the distance 78 of the buried strap outdiffusion
|aterally into the P-well 37 ' is less than 0.1[err]massuring that

the short channel roll off of E)E‘Jé fer device is not degraded.
Addi tional ly, the vertical . Cihe buried st rap diffusion
in FIG 3 is less than the STI depth 80 assuring that there is no

strap to strap | eakage. For ur poses 30 depicts
an identical structure, lated with ffhe sang

as in FIG 3, but wthout t e use of the 60

nmet hod. As can be seen in FI/G_1B hé

t her mal budget
epi taxi al\buried strap
I out di f fusi on

t
30 i s excessive (about 0. 15[lerr]m ), at aralh ) and y be
detrimental to the transfer MYevice.3d~ 3 yt/né he techni que descri bed
herein, the strap 90 forned in G _cl\early approaches the size
of an ideal strap 32 (in Fgg/ 41
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be "apparent, the present invention
. of the problens associ ated

256M0 DRAM cells. In
for a greater 5
cells-

parti cul ar,
budget i
followng the buried strap formation.

t her nal

11

As shoul d now

substantially overcones many

wi tth conventi onal
t he present

for fabricati

buried straps in

i nvention all ows
on of 256Mb DRAM
The process al so

hel ps to prevent defect formation in the silicon substrate
caused by uncontrolled recrystallization of the buried

10

herein are nerely exenplary and that a person skilled in
may nake reasonabl e variations and modi fiddyi o

enbodi nent s utilizing
t hose descri bed herein.

functionally
Any and al |

to
equi val ent
such

strap.

It should be understood that the enbodi nents- descri bed

- the art
t hese -
el enents to

-
FIG. 2G
5
— 4b
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15 vari ati-en% B74%fbdi fi cations as wel | as others which may

become apparent to those skilled in the art, are intended ' to be
i ncluded with the scope and spirit of the i nvent i on as defined
by the appended clains. 96 P 7406 12
d ai s What is clained is: 5 1. A DRAM cel |
of a type including a trench st orage capacitor having a trench
formed in a substrate of sem ?-_(-Tguctgpp mat eri al havi ng a dopant

whi*ch causes
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[ REPLACEMENT SUEETS  SG
said sem conducting material to be of a first [ Describ@MiUGdN 4 o Sakd =
trench being lined with a semi - 10 conductiing @EW al . E},}ggn-g B pag e,{-—
dopant whi ch causes said sem conducting geserla _{c)t opiiedoﬁzig ,ged\zjtz
second conductivity, _ sai d dopant of sai d?ﬁ%ﬁ?ﬁ@ “_; (o w baged .=
al so being partially diffused into sai B §al evm

trench being lined with a | ay digltectric materlal
15 filled with senmiconducting materi al M—ﬁf opaiE §i &ECEIFF?-%H-!E'-CH

causes said seni condautriiegl—mt:%_g" &b riva thenofirore DRAMs dirénch Capacitfdxr st
and second conductivities, sard trenc el ng partially etched,
lined with an oxide collar, and filled with a sem conducti ng

mat eri al which may bme&tlh@thd@pﬁdr makingOanoeleotppedl eonnectison between
transi stor farne aid s

. and an el ectricall
conductive régi%n-¥ %torage capa%’aB%Fr%’Pa a%?ﬁﬁeﬁﬁnﬁﬁf,‘?§l§§ %{Peﬁch

SL orage ﬁapacn tMAM cell, _thé%b‘éd:ﬂrﬂ@&ﬁséoﬁﬁé@ﬁiﬁhois tbgmeaptnyeugnt the
t herew t

crystal line serﬁ%%ﬁﬁi%??% C°gtr°llednﬁ’t‘Eﬁiigfuﬁigﬁoégde?‘ﬁh§5pg t(E'VBﬁcHr B~

wherein said sitgdé® dopants prés¥stalhi ﬂBeS‘éﬁéﬁ@Hdtlﬁi:bﬁghrfat Qrihgtle
sel ectively controls the size of said, conduct]ng. i on Eé
|l e

linmiting the Ccrystallipg d??‘f"d‘g?%ﬂuﬁ?:l%ﬁl BaEsphat VRi6hg sg ave;
10 epitaxy (epi) fromn the trench sidewall. This epitaxially

grown single crystalline layer acts as a barrier to
excessive dopant outdiffusion which can occur in the

processing of conventional DRAMs.

ngeBtéawmpmypbhanﬂn.
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30 crystalline sem conducting material during the formation of
sai d access transistor. 2. A DRAM cell according to claim
1, wherein said conductive region is of a predeterm ned size
selected to 35 prevent electri cal br ei dovvn with an adj acently

| ecat ed DRAM cel I .

13 - . 3. A DRAM cel | accordlngto claim1l, V\/nereln sai d
single crystalline sem conducting material is grown from . a
sidewal | of said trench by epltaxy (epi).

FIG. 1A

29N\

\ |
L \ L — 28
29 10 B N

18
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5 4. The DRAM tell according to claim3, wherein said

epitaxy is selective epitaxy. 5. The DRAM cel | according
to claim3, wherein said epitaxy is non-sel ective epitaxy.

10 6. A met hod of fabricaty an electrical connection

bet ween a trench storage capacitor and an_AEgess transistor in a
DRAM cel |, said trench storage capacitor i ncluding a trench
formed in a substrate having a dopant 15 which causes said

semi conducting material to be of a first conductivity, said
trench being lined with a . sem conducting material having a dopant
whi ch causes sai d ' sem conducting material to be of a second
conductivity, sai d dopant of said second conductivity al so being
20 partially diffused into said substrate, and said trench al so
being lined with a |layer of dielectric material and filled wth a

sem conducting material having a dopantFIG 13 whi ch causes sai d
sem conducting material to be one of *

10 l__:

k\
Y \

G

32"T—f:_
30

' 15/ ™
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said first and second conductivities, said trench being 25 partially
etched, lined with an oxide collar, and filled wWth a

sem conducting material which may be either doped or undoped,
said nmethod conprising the steps of: ' etching portions of
said | ayer of said oxide collar i’a!g.d said |l ayer of sem conducting
material to re-open a 30 portion of said trench;

filling said portion of said trench with a single crystalline
sém conducting material; and ° formng an active area of said
access transi stor on _ . said substrate, said form ng causing a

sel ectively con- 35 trolled outdiffusion of said dopant along a path
t hat extends through both s f single crystalline sem -
conducting nmaterial and a sel ected po?r. 6n OECsai d

R
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96 P 7406 14 | substrate,'said

pat h. being el ectrically conductive and operating to
electrically connect said trench storage capacitor with said
access transistor. 5~ 7. ? met hod according to cl ai m6,
wherein said - step of filling id portion of said trench with
sai d single crystalline sem conducting material includes the
step of growing said material by epitaxy (epi). 10 8. The
met hod according to claim7, wherein said step of growi ng said
single crystalline material by epitaxy (epi) includes the steps
of : : simul taneously growing a single crystalline |ayer in
said trench fromthe sidewall of said trench and a 15 polysilicon
| ayer from said doped or undoped sem conducting material present
in said trench; and ‘formng a single crystalline [ayer on
top of said ' FIG. 2A

40

12
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doped or undoped seni conduct | ng material where said . single

crystalline layers growng fromsaid trench 20 sidewal | nerge.

9. The nethod according to claim®6, wherein said single
crystalline sem conducting material is silgfﬁp. : 25 10. The
met hod according to claim®6, wherein said=lzf single crystalline

mat eri al becones doped during. out- di ffusi on.

11. The method according to claim6, wherein said - 30 step of etching
portions of said |layer of dielectric material and said

sem conducting material to re-open a portion of said trench

i ncludes the step of recess etching. . 35 12. The

met hod according to claim6, wherein sfBG. 2B

40
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first conductivity is P-type and said second conductivity ' IS

N-type. 96 P 7406 15

13. The method according to claim®6, wherein said pat h i ncl udes
N-type dopants which were outdiffused frorrﬁélg: said trench.

5 - 14. A nethod of fabricating an el i cal connecti on
between a trench storage capacitor and an access transistor in a
DRAM cel | conprising the steps of: _ etching a trench into a

substrate of semni conducti ng

FIG. 2C

/\.,\/\/
~
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mat eri al, said-sem conducting material having a dopant 10 which

causes said sem conducting material to be of a first
conductivity; ' lining said trench with a sem conducti ng
mat eri al havi ng a dopant mhichdzggies sai d sem conducti ng
mat eri al to be of a second con Vity; 15 .
partially diffusing said dopant which causes said second
conductivity into said substrate; lining said trench with a
| ayer of dielectric mat eri al ; filling said
trench wwth a sem conducting materi al 20 having a dopant which
causes said sem conducting materi al to be one of said first and
second conductivities; - etching portions of said | ayer of
dielectric. material and said sem conducting material to
partially : re-open said trench; 25 refilling said
partially re-opened portion of said trench wth an oxi de;
selectively etching said oxide to forma dielectric col | ar
refilling said second trench with doped or undoped RERIACEMENP 'SHEED

03 JUN 1997
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etching portions of said doped or undoped polysiiicon | ayer and

said dielectric oxide collar to : partially re-open said trench
growing a single crystalline layer froma sidewal | 35 of said
trench; and form ng an acth area of said access transistor
on said substrate, said forning_zﬁbsing a selectively 96
P 7406 _ 16 . control |l ed outdiffusion
of said dopant al ong a path that extends through both said
single crystalline sem - conducting material and a sel ected
portion of said substrate, said path being electrically

conducti ve and
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5 operating to electrically connect said trench st orage

capacitor with said access transistor. 15. The net hod
according to claim 14, wherein said first conductivity is
P-type. 10 16. The d according to claim 14,
wherei n said second conductivityli:§ N-type.

17. The method according to claim14, wherein said - 15 step of
growi ng said single crystalline |ayer from said trench si dewal
conprises epitaxy (epi). . 18. The method according to
claim17, wherein said epitaxy is selective. 20

19. The nmethod according to claim 17, wherein said epitaxy is

non-sel ecti ve.
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20. The nethod according to clai m 14, wherein said 25 step of

growi ng said single crystalline epi |ayer i ncl udes the steps of:
growing a single crystalline silicon layer with <111> facets and
(110) and (100) top planes fromthe trench sidewal | ; 30
gr-ow ng polysilicon from.the doped or und polysilicon fil
regi on; formng-an interface between said polysilicon fil
regi on and said single crystalline region which lies on. a (111
pl ane and fornms an angle of 54.7 degrees with said 35 trench

sidewal | ; and 96 P 7406 17
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-formng a single crystalline |ayer on top of the o pol ysi licon

cone where the single crystalline | ayers growi ng fromthe
trench sidewal | s nerge. 5 21. The nethod according to
claim 20, whereby said singli!gzystalline silicon epi region

i npedes the . uncontrol | ed fl dopants present in said trench
<into sai d substrate region. . 10 22. The net hod
according to claim 20, wherein the ' epitaxial growth process is
performed at a tenperature of bet ween 800 and 1000 degrees
Celsius in a reaction chanber where the chanber pressure is set
between 1 and 80 torr, hydrogen is punped into the chanber at a
fl ow 15 rate of between 1 and 200 nl/sec, and the HO gas flow

rate is set between 100 and 1000 cnferr]/sec.

FIG. 2H
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electrically

23. The nethod according to claim 20, wherein said
20 connection between

conductive path that forns said electrica
access transistor
into said substrate.

said trench storage capacitor and said
protrudes not nore than C).l[err]mlaterallﬁ_{l12
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