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(57) ABSTRACT 

A semiconductor structure for a dynamic random access 
memory (DRAM) cell array that includes a plurality of 
vertical memory cells built on a semiconductor-on-insulator 
(SOI) Wafer and a body contact in the buried dielectric layer 
of the SOI Wafer. The body contact electrically couples a 
semiconductor body With a channel region of the access 
device of one vertical memory cell and a semiconductor 
substrate of the SOI Wafer. The body contact provides a 
current leakage path that reduces the impact of ?oating body 
effects upon the vertical memory cell. The body contact may 
be formed by an ion implantation process that modi?es the 
stoichiometry of a region of the buried dielectric layer so 
that the modi?ed region becomes electrically conductive 
With a relatively high resistance. 
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BODY-CONTACTED SEMICONDUCTOR 
STRUCTURES AND METHODS OF FABRICATING 
SUCH BODY-CONTACTED SEMICONDUCTOR 

STRUCTURES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to commonly-assigned 
Application Ser. No. , ?led on even date herewith, 
entitled “SEMICONDUCTOR STRUCTURES WITH 
BODY CONTACTS AND FABRICATION METHODS 
THEREOF” and bearing Attorney Docket No. 
ROC920050178US1, Which is hereby incorporated by ref 
erence herein in its entirety. 

FIELD OF THE INVENTION 

[0002] The invention relates generally to semiconductor 
structures and, in particular, to semiconductor structures 
With multiple vertical memory cells arranged to form a 
memory array and methods of forming such semiconductor 
structures. 

BACKGROUND OF THE INVENTION 

[0003] Dynamic random access memory (DRAM) devices 
are the most commonly used type of semiconductor memory 
and, thus, are found in many integrated circuit designs. 
DRAM devices are also frequently embedded into applica 
tion speci?c integrated circuits, such as processors and logic 
devices. A generic DRAM device includes a plurality of 
substantially identical semiconductor memory cell arrays, a 
plurality of bit lines, and a plurality of Word lines that 
intersect the bit lines. Each memory cell array includes a 
plurality of memory cells arranged in roWs and columns and 
each individual memory cell in the array is located at the 
intersection of a respective Word line and a respective bit 
line. 

[0004] Each individual memory cell includes a storage 
capacitor for storing data and an access device, such as a 
planar or vertical metal oxide semiconductor ?eld-effect 
transistor (MOSFET), for alloWing the transfer of data 
charges to and from the storage capacitor during reading and 
Writing operations. Either the source or drain of the access 
device is connected to a corresponding bit line and the gate 
of the access device is connected to a corresponding Word 
line. In certain DRAM device designs, memory cells are 
arranged in pairs to alloW sharing of a bit line contact, Which 
signi?cantly reduces the overall memory cell siZe. 

[0005] When the access device of one of the memory cells 
is activated by a signal on the Word line, a data signal is 
transferred from the storage capacitor of the memory cell to 
the bit line connected to the memory cell or from the bit line 
connected to the memory cell to the storage capacitor of the 
memory cell. Because DRAM devices are a type of volatile 
memory that leaks stored charge, the data charge on the 
storage capacitor (corresponding to a “l” or “0”) is periodi 
cally refreshed during a refresh operation. 

[0006] When data stored in one of the memory cells is read 
onto one of the bit lines, a potential difference is generated 
betWeen the bit line of the respective memory cell and the bit 
line of another memory cell, Which form a data line pair. A 
bit line sense ampli?er connected to the bit line pair senses 
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and ampli?es the potential difference and transfers the data 
from the selected memory cells to a data line pair. 

[0007] One goal of memory device designers is to pack 
more memory cells more densely into a smaller integrated 
circuit. Vertical memory cells feature an architecture in 
Which the storage capacitor and access device are stacked 
vertically in a common trench. Vertical memory cells afford 
increased packing densities and other advantages in com 
parison to planar memory cells, in Which siZe reduction Was 
realiZed in the past primarily by reduction of the linear 
dimensions (i.e., the minimum lithographic feature siZe, F). 
For example, the packing density of vertical memory cells in 
a DRAM device is increased because the length of the 
vertical access device channel is decoupled from the mini 
mum lithographic feature siZe. Consequently, vertical 
memory cells lack the scaling problems With, for example, 
reducing the gate-oxide thickness and increasing the channel 
doping concentration encountered When scaling planar 
access devices to smaller siZes. The vertical memory cell 
architecture also alloWs longer channel lengths Without a 
proportional decrease in memory density, as is true in planar 
memory cells. Channel length may also be properly scaled 
in vertical memory cells relative to gate oxide thickness and 
relative to junction depth to reduce channel doping, mini 
miZe junction leakage, and increase data retention times. 

[0008] Constructing DRAM devices using semiconductor 
on-insulator (SOI) technology offers many advantages over 
counterpart devices built in bulk semiconductor substrates 
including, but not limited to, higher performance, absence of 
latch-up, higher packing density, and loW voltage applica 
tions. In SOI technology, a thin semiconductor layer, often 
referred to as an SOI layer, is electrically isolated from a 
thicker semiconductor substrate by an insulating or dielec 
tric material, e.g., a buried oxide or BOX layer. The access 
devices for the memory cells are built in a portion of the SOI 
layer termed the SOI body. 

[0009] Floating body effects occur in vertical memory 
cells built using SOI technology. SOI technology eliminates 
junction capacitance problems observed in comparable bulk 
devices by electrically isolating the SOI body of transistor 
type access devices from the underlying semiconductor 
material of the substrate. HoWever, the SOI body may ?oat 
at a potential that varies according to various conditions in 
Which the transistor-type access device is operated. 

[0010] Floating body effects are knoWn to signi?cantly 
degrade cell data retention time, Which is most evident in 
long data retention time memory cells. Floating body effects 
originate from the accumulation of charge carriers in the 
channel region of the access device de?ned in the SOI body. 
A resultant leakage current is established via a parasitic 
bipolar transistor structure arising from the accumulated 
charge carriers. If uncompensated, the leakage current 
gradually discharges the storage capacitor. Floating body 
effects also cause ?uctuations in the threshold voltage for the 
memory cell arising from the charge build up, Which is 
extremely detrimental to conventional operation of transis 
tor-type access devices. 

[0011] What is needed, therefore, is a semiconductor 
structure for an SOI DRAM cell array With improved cell 
data retention times and methods of fabricating such semi 
conductor structures that overcome the disadvantages of 
conventional semiconductor structures and conventional 
methods of manufacturing such semiconductor structures. 
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SUMMARY OF THE INVENTION 

[0012] The present invention is generally directed to a 
semiconductor-on-insulator (SOI) structure that incorpo 
rates a body contact extending through the buried dielectric 
layer and, thereby, coupling an SOI body With an underlying 
semiconductor substrate and methods of forming such body 
contacts, desirably, With an ion implantation process. The 
structure improves the cell data retention time for a vertical 
memory cell in an SOI dynamic random access memory 
(DRAM) device by reducing ?oating body effects that, if 
uncompensated, may affect the memory cell access device 
and result in charge loss from the associated storage capaci 
tor in the vertical memory cell. Speci?cally, charge carriers 
that Would otherWise accumulate in the channel region of the 
access device are drained or discharged through a high 
resistance leakage path de?ned by the body contact that 
extends to the underlying semiconductor substrate. 

[0013] In accordance With one aspect of the present inven 
tion, a semiconductor structure comprises a semiconductor 
Wafer including a semiconductor substrate, a semiconductor 
layer including a plurality of semiconductor bodies, a buried 
dielectric layer separating the semiconductor substrate from 
the semiconductor body, and a plurality of memory cells 
built in an array on the semiconductor Wafer. Each of the 
memory cells includes a storage capacitor and an access 
device. The access device has a vertical channel de?ned in 
one of the semiconductor bodies and a gate con?gured to 
sWitch current ?oW through the vertical channel to the 
storage capacitor. The structure further comprises a body 
contact in the buried dielectric layer. The body contact 
electrically couples one of the semiconductor bodies With 
the semiconductor substrate. 

[0014] In accordance With another aspect of the invention, 
a method for forming a semiconductor structure in a semi 
conductor Wafer includes forming a plurality of trenches in 
a semiconductor Wafer including a semiconductor substrate, 
a semiconductor layer With a plurality of semiconductor 
bodies, and a buried dielectric layer separating the semicon 
ductor substrate from the semiconductor layer, and then 
building a memory cell in each of the trenches. The method 
further includes forming a body contact that extends sub 
stantially through the buried dielectric layer and electrically 
couples one of the semiconductor bodies With the semicon 
ductor substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate 
embodiments of the invention and, together With a general 
description of the invention given above and the detailed 
description of the embodiments given beloW, serve to 
explain the principles of the invention. 

[0016] FIG. 1 is a top plan vieW of an array of vertical 
memory cells built on a portion of a semiconductor-on 
insulator substrate in accordance With an embodiment of a 
processing method of the invention and in Which the bit lines 
are omitted for purposes of clarity in describing the inven 
tion. 

[0017] FIG. 2 is a diagrammatic cross-sectional vieW of 
the substrate portion of FIG. 1 taken generally along lines 
2-2. 
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[0018] FIGS. 3-7 are diagrammatic cross-sectional vieWs 
similar to FIG. 2 of the substrate portion at various subse 
quent fabrication stages in accordance With the embodiment 
of the processing method of the invention. 

[0019] FIG. 8 is a schematic vieW of an implant pro?le 
simulation shoWing a predicted depth pro?le for implanted 
silicon ions having a concentration pro?le predominately 
located in a buried dielectric layer of the semiconductor-on 
insulator substrate of FIG. 7. 

[0020] FIGS. 9 and 10 are diagrammatic cross-sectional 
vieWs similar to FIG. 7 of the substrate portion at various 
subsequent fabrication stages of the embodiment of the 
processing method of the invention. 

DETAILED DESCRIPTION 

[0021] The present invention provides a semiconductor 
structure including an array of vertical memory cells built 
using semiconductor-on-insulator (SOI) technology, as Well 
as methods of making such semiconductor structures. Spe 
ci?cally, the access device for at least one vertical memory 
cell and, typically, every vertical memory cell in the memory 
cell array has an associated relatively high-resistance body 
contact established through the buried insulating or dielec 
tric layer separating the ?oating SOI body of an SOI Wafer, 
in Which the access device is built, from the underlying 
semiconductor substrate. The present invention may be 
particularly applicable and bene?cial for merged isolation 
and node trench (MINT) memory cells, although the inven 
tion is not so limited. The requisite high resistance for the 
body contact may be achieved by creating a localiZed silicon 
rich oxide (SRO) region of relatively high resistance in the 
buried dielectric layer. The present invention Will noW be 
described in greater detail by referring to the draWings that 
accompany the present application. 

[0022] With reference to FIGS. 1 and 2, a portion of a 
semiconductor Wafer 10 is shoWn that includes multiple 
substantially identical vertical memory cells, generally indi 
cated by reference numeral 12, that are arranged in electri 
cally-isolated pairs of a considerably larger DRAM device 
built on semiconductor Wafer 10. The larger DRAM device 
may constitute, but is not limited to, a plurality of substan 
tially identical memory cells 12 each having a knoWn eight 
square feature or 8E2 DRAM cell, as depicted in FIG. 1, and 
a plurality of substantially identical 8E2 DRAM cells 
arranged in a larger array across the semiconductor Wafer 
10. Abit of data can be stored as a data charge in each of the 
SP2 DRAM cell arrays. 

[0023] Before building the vertical memory cells 12, SOI 
semiconductor Wafer 10 comprises a semiconductor sub 
strate 14, Which is typically a single crystal or monocrys 
talline bulk silicon substrate and may be doped With a p-type 
dopant, a buried insulating or dielectric layer, Which may be 
a buried oxide (BOX) layer 18, and an SOI body 16 of a 
larger semiconductor layer separated from the semiconduc 
tor substrate 14 by the intervening buried dielectric layer 18. 
The SOI body 16, Which is considerably thinner than the 
semiconductor substrate 14 and is also typically single 
crystal or monocrystalline silicon, is electrically isolated 
from the semiconductor substrate 14 by the BOX layer 18. 
The semiconductor Wafer 10 may be fabricated by any 
suitable conventional technique, such as a Wafer bonding 
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technique or a separation by implantation of oxygen 
(SIMOX) technique, familiar to persons of ordinary skill in 
the art. 

[0024] The stoichiometry of the BOX layer 18 may be 
expressed by the chemical or molecular formula SiOX, Where 
the variable x represents the nominal proportion of oxygen 
atoms to silicon atoms in the constituent compound and may 
have any suitable value. For example, if x is equal to 2, the 
BOX layer 18 is stoichiometric With a stoichiometric ratio of 
tWo oxygen atoms per silicon atom and a molecular formula 
expressed as SiO2. 

[0025] Device isolation regions 24 (FIG. 1) are de?ned 
betWeen adjacent roWs of vertical memory cells 12 in the 
cell array, such that the memory cells 12 are paired together. 
One speci?c pair of electrically-isolated memory cells 12 is 
shoWn in FIG. 2. These device isolation regions 24 may be 
formed by, for example, a shalloW trench isolation (STI) 
technique that includes a conventional lithography and dry 
etching process to create trenches folloWed by ?lling the 
trenches With a dielectric material, such as an oxide aniso 
tropically deposited by a high density plasma (HDP) chemi 
cal vapor deposition (CVD) process, and then planariZation 
With a conventional chemical mechanical planariZation 
(CMP) process. The device isolation regions 24 partition the 
SOI body 16 into isolated active area regions or islands 15 
on the BOX layer 18 and, thereby, assist in preventing 
carrier migration betWeen adjacent memory cells 12. Each of 
the islands 15 may be considered to used in the construction 
of a pair of memory cells 12. 

[0026] Each of the vertical memory cells 12 is formed in 
a corresponding one of a plurality of trenches 19. Each of the 
trenches 19 extends into the semiconductor Wafer 10 at 
locations dispersed across the surface of Wafer 10. Each 
trench 19, Which is formed by a conventional lithography 
and etching process familiar to a person having ordinary 
skill in the art, extends from a top planar surface 25 of the 
semiconductor Wafer 10 through the SOI body 16 and the 
BOX layer 18 and continues for a depth into the semicon 
ductor substrate 14 underlying the BOX layer 18. 

[0027] Each memory cell 12 includes a storage capacitor 
20, typically having the form of a deep trench (DT) capaci 
tor, and an access device 22, typically having the form of a 
vertical metal oxide semiconductor ?eld-effect transistor, 
that are disposed Within the trench 19 With a vertically 
stacked arrangement. The access device 20 is electrically 
coupled With the storage capacitor 20 for alloWing the 
transfer of data charges to and from the storage capacitor 20 
during reading and writing operations of the DRAM device. 
Because the memory cells 12 are substantially identical, the 
constituent features of one pair of memory cells 12 Will be 
described With the understanding that this description 
applies to all equivalent pairs of memory cells 12 in the 
memory cell array and DRAM device. 

[0028] The storage capacitor 20 of each vertical memory 
cell 12 is located in a bottom or loWer portion of the trench 
19. The storage capacitor 20 includes a capacitor node or 
plate 26 constituted by a conductor, such as n+-doped 
polycrystalline silicon (i.e., polysilicon). The capacitor plate 
26, Which includes a portion that projects vertically into the 
BOX layer 18, is electrically isolated from the SOI body 16 
by the BOX layer 18. A buried capacitor plate 28 is present 
in the material of the semiconductor substrate 14 bordering 
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a loWer portion of the trench 19. Buried plate doping may be 
formed by conventional processes such as out-diffusing an 
n-type dopant like arsenic from a layer of dopant-doped 
silicon glass on the sideWall of trench 19, gas phase doping, 
plasma doping, plasma immersion ion implantation, or any 
combination of these processes that are Well knoWn to a 
person having ordinary skill in the prior art. 

[0029] A thin node dielectric 30, Which lines the loWer 
portion of trench 19, separates and electrically isolates the 
buried capacitor plate 28 from capacitor plate 26. The node 
dielectric 30 may be any suitable dielectric material, includ 
ing but not limited to silicon oxide, silicon nitride, silicon 
oxynitride, aluminum oxide, combinations of these dielec 
tric materials, or another high-k material. 

[0030] With continued reference to FIGS. 1 and 2, the 
access device 22 of each vertical memory cell 12 is situated 
in a top or upper portion of the trench 19 and, generally, is 
stacked vertically above the storage capacitor 20. A trench 
top insulator 32, Which typically has the form of a trench-top 
oxide, overlies the capacitor plate 26 vertically and electri 
cally isolates a vertical gate 34 of the access device 22 from 
the capacitor plate 26. Oxide for the trench-top insulator 32 
may be formed in trench 19 above capacitor plate 26 by a 
suitable conventional process, such as a HDP-CVD process. 
The vertical gate 34 is constituted by an electrically con 
ductive material, such as polysilicon deposited in the upper 
portion of trench 19 using loW-pressure CVD (LPCVD). 

[0031] A buried deep strap connection 36 is provided in 
the BOX layer 18 vertically betWeen the vertical gate 34 and 
the capacitor plate 26. An outdilfusion region 38, Which 
originates from the n-type dopant (e.g., arsenic, phospho 
rous, or antimony) of buried deep strap connection 36 and 
may be produced during annealing of Wafer 10, extends into 
the SOI body 16. The outdi?‘usion region 38 de?nes a loWer 
source/drain region 35 of the access device 22, depending 
upon the operation of access device 22. Capacitor plate 26 
of the storage capacitor 20 is tied to the loWer source/drain 
region 35 of the access device 22 and buried capacitor plate 
28 is tied to a reference potential or voltage. A thin gate 
oxide 40 is disposed on the vertical sideWall of trench 19 
betWeen the confronting sideWall of the vertical gate 34 and 
the SOI body 16. 

[0032] A doped region 42, Which may be formed by 
implantation or diffusion of an n-type dopant such as arsenic 
or phosphorous into the SOI body 16, is provided in an upper 
region of the SOI body 16 and is coextensive With surface 
25. The doped region 42 de?nes an upper source/drain 
region 43 of the access device 22, depending upon the 
operation of access device 22. A vertical channel 45 is 
de?ned in the SOI body 16 near the vertical gate 34 and 
generally betWeen the source/drain regions 35, 43 of the 
access device 22. Current ?oWing through channel 45 
betWeen the source/drain regions 35, 43 is controlled or 
sWitched by potential or voltage applied to the vertical gate 
34. When the access device 22 is sWitched “on” by appli 
cation of a suitable voltage to the vertical gate 34, channel 
45 becomes electrically conductive to alloW current ?oW 
betWeen the source/drain regions 35, 43. The access device 
22 is considered by a person having ordinary skill in the art 
to constitute a vertical device structure because of the 
three-dimensional vertical arrangement of the gate 34, the 
channel region 45, and the source/drain regions 35, 43. 
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[0033] An array top insulator 44, Which overlies the doped 
region 42, operates to electrically isolate the source/drain 
region 43 from Word lines 46, 48, 50, 51. The array top 
insulator 44 may be formed, for example, by depositing 
oxide using a conventional HDP CVD oxide process and 
optionally planariZing With a conventional planariZation 
process, such as CMP. 

[0034] Word line 46 is electrically coupled With the stor 
age capacitor 20 of one vertical memory cell 12 visible in 
FIG. 2 by the underlying access device 22. A potential 
applied from Word line 46 to vertical gate 34 controls the 
data charge on the storage capacitor 20 by selectively 
transferring current betWeen the source/drain regions 35, 43 
through the channel 45 in the SOI body 16. Similarly, Word 
line 48 is electrically coupled With the storage capacitor 20 
of the other memory cell 12 visible in FIG. 2 by the 
underlying access device 22. A potential applied from Word 
line 48 to the vertical gate 34 of the access device 22 of this 
memory cell 12 likeWise controls the data charge on the 
corresponding storage capacitor 20 by selectively transfer 
ring current betWeen the source/ drain regions 35, 43 through 
channel 45 in the SOI body 16. Source/drain region 43 of 
each access device 22 is further connected to a correspond 

ing bit line (not shoWn). 

[0035] To provide the electrical coupling, the vertical gate 
34 of each access device 22 for the exemplary pair of 
vertical memory cells 12 visible in FIG. 2 is contacted by 
one of the Word lines 46, 48. As a consequence, these Word 
lines 46, 48 are referred to as active Word lines. The other 
tWo Word lines 50, 51, of Which only Word line 50 is visible 
in FIG. 2 and Which do not contact either of the memory 
cells 12 visible in FIG. 2, are referred to as passing Word 
lines. Word lines 50, 51, Which are passing in FIG. 2, are 
connected With the access device 22 in other memory cells 
12 in the memory cell array (FIG. 1) and in the DRAM 
device. Similarly, Word lines 46, 48, Which are active in FIG. 
2, are not connected With the access device 22 of certain 
other memory cells 12 in the memory cell array (FIG. 1) and 
in the DRAM device. Consequently, as appreciated by a 
person having ordinary skill in the art, ascribing the terms 
active and passing to the Word lines 46, 48, 50, 51 depends 
upon Which speci?c pair of Word lines 46, 48, 50, 51 is 
coupled With each electrically-isolated pair of memory cells 
12 in the memory cell array and DRAM device. 

[0036] Each of the Word lines 46, 48, 50, 51 consists of 
one or more conducting layers constituted by a conductor, 
such as polysilicon, tungsten nitride (WN), tungsten (W), 
tungsten silicide (WSi), or combinations of these materials. 
Each of the Word lines 46, 48, 50, 51 includes an electrically 
insulating cap 52 of, for example, nitride stationed atop the 
conducting layer(s), and electrically-insulating sideWall 
spacers 54 of, for example, nitride ?anking the conducting 
layer(s). Gaps betWeen adjacent pairs of Word lines 46, 48, 
50, 51 are ?lled by a layer 56 of a suitable gap ?ll material, 
such as oxide or borophosphosilicate glass (BPSG). The 
material of the gap ?ll layer 56 is planariZed by a conven 
tional planariZation process, such as CMP, to establish an 
upper horiZontal surface 58 by relying on caps 52 as a polish 
stop. 

[0037] With reference to FIG. 3 in Which like reference 
numerals refer to like features in FIG. 2 and at a subsequent 
fabrication stage, a relatively thin etch stop layer 60 is 
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deposited on the upper horiZontal surface 58. The etch stop 
layer 60 may be oxide (Si02) deposited by a conventional 
thermal CVD process. A relatively thick pad nitride layer 62 
is formed on the etch stop layer 60. The pad nitride layer 62 
may be composed of silicon nitride (Si3N4) formed utiliZing 
a conventional deposition process, such as CVD or plasma 
assisted CVD. 

[0038] With reference to FIG. 4 in Which like reference 
numerals refer to like features in FIG. 3 and at a subsequent 
fabrication stage, a body contact resist layer 64 is applied to 
an exposed planar surface 66 of the pad nitride layer 62 and 
patterned With openings 67 by any conventional lithography 
technique that exposes the resist layer 64 to a pattern of 
radiation de?ned by a body mask (not shoWn) and develops 
the transferred pattern in the exposed resist 64. Each of the 
openings 67 coincides With the future location of one of a 
plurality of body contact openings 68 (FIGS. 1, 5). Suitable 
lithography techniques for use in forming the openings 67 in 
the resist layer 64 include, but are not limited to, photoli 
thography With or Without phase shift, x-ray lithography, 
electron beam lithography, or a combination of these tech 
niques. 

[0039] With reference to FIG. 5 in Which like reference 
numerals refer to like features in FIG. 4 and at a subsequent 
fabrication stage, a conventional anisotropic dry etching 
process selective to the material constituting the etch stop 
layer 60, such as reactive-ion etching (RIE) or plasma 
etching, is used to transfer the pattern of openings 67 from 
the resist layer 64 into the pad nitride layer 62 to the depth 
of the etch stop layer 60 and, thereby, initiate formation of 
the body contact openings 68. The chemistry of this etching 
process, Which may be conducted in a single etching step or 
multiple steps, removes portions of the pad nitride layer 62 
visible through the openings 67 in resist layer 64 and stops 
vertically on the etch stop layer 60. Each body contact 
opening 68 is further extended to the depth of the passing 
Word line 50 by another conventional anisotropic dry etch 
ing process, such as RlE or plasma etching, that removes the 
constituent materials of the etch stop layer 60 and the 
insulating cap 52 selective to the electrically conductive 
material constituting the passing Word line 50. The chem 
istry of this etching process, Which may also be conducted 
in a single etching step or multiple steps, successively 
removes portions of the etch stop layer 60 and the insulating 
cap 52 on passing Word line 50 visible through the body 
contact openings 68 and stops vertically on the electrically 
conductive material constituting the passing Word line 50. 
This etching process also recesses the portion of the gap ?ll 
layer 56 exposed and circumscribed by the boundary of each 
body contact opening 68 and that overlies the corresponding 
device isolation region 24. 

[0040] With reference to FIG. 6 in Which like reference 
numerals refer to like features in FIG. 5 and at a subsequent 
fabrication stage, the portion of the conductor constituting 
the passing Word line 50 exposed through each body contact 
opening 68 is removed by yet another conventional aniso 
tropic dry etching process, such as RlE or plasma etching, 
selective to the material constituting the array top insulator 
44. The chemistry of the etching process, Which is conducted 
in one or more individual etching steps, removes a portion 
of each Word line 50 visible through the corresponding one 
of the body contact openings 68 and stops vertically on the 
material constituting the array top insulator 44. 
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[0041] With reference to FIG. 7 in Which like reference 
numerals refer to like features in FIG. 6 and at a subsequent 
fabrication stage, an ion implantation process is used to 
introduce silicon ions, as indicated diagrammatically by 
vertical arroWs 70, into the semiconductor structure. Spe 
ci?cally, the implanted silicon ions 70 impinge the array top 
insulator 44 With near-normal incidence through a WindoW 
de?ned by the openings 67 in resist layer 64 and the body 
contact openings 68 registered vertically With openings 67 in 
a self-aligned ion implantation process. The implanted sili 
con ions 70 penetrate successively through the array top 
insulator 44, the SOI body 16, and the BOX layer 18, and 
predominately come to rest in a depth pro?le extending into 
the BOX layer 18 to de?ne a localiZed silicon rich oxide 
(SRO) region 72 Within the BOX layer 18. Typically, the 
implantation of silicon ions 70 is performed With the semi 
conductor Wafer 10 held at room or ambient temperature, 
although the invention is not so limited. 

[0042] The SRO region 72 has a stoichiometry that differs 
from adjacent regions of the BOX layer 18 ?anking SRO 
region 72, Which are substantially unaffected by the ion 
implantation. The implanted silicon ions 70 locally modify 
the stoichiometry of the BOX layer 18 Within the con?nes of 
the SRO region 72 such that the molecular formula of the 
resulting silicon-enriched compound of the SRO region 72 
departs from the SiOX molecular formula of the laterally 
adjacent regions of the BOX layer 18. For example, if x is 
equal to 2 (i.e., SiO2), the BOX layer 18 is stoichiometric 
and includes a stoichiometry characterized by a stoichio 
metric ratio of tWo oxygen atoms per every silicon atom, and 
the SRO region 72 has a silicon-enriched stoichiometry With 
a stoichiometric ratio in Which feWer than tWo atoms of 
oxygen are associated With each silicon atom. As a more 
speci?c example, if the BOX layer 18 is SiO2 and the 
average concentration of the implanted ions is six (6) atomic 
percent (at. %), the average stoichiometry of the SRO region 
72 across the depth pro?le is 100 oxygen atoms per 56 
silicon atoms. 

[0043] The pad nitride layer 62 and resist layer 64 verti 
cally mask underlying regions of the vertical memory cells 
12 from the implanted silicon ions 70. In particular, the 
implanted silicon ions 70 do not penetrate or traverse the 
vertical gate 34 of the access device 22 of each adjacent 
memory cell 12, thus avoiding damage to the access device 
22. The sideWall spacers 54 and a portion of the gap ?ll layer 
56 exposed by the body contact opening 68 roughly de?ne 
a lateral mask that sets the lateral boundaries of the SRO 
region 72. As a result, the lateral boundaries of the SRO 
region 72 coincide approximately With the now-open area 
formerly occupied by the removed portion of the passing 
Word line 50, if lateral range straggle of the implanted 
silicon ions 70 is disregarded. This lateral masking self 
aligns the implanted silicon ions 70 With the BOX layer 18 
to enter only the SRO region 72 betWeen the pair of adjacent 
memory cells 12. Portions of the BOX layer 18 that isolate 
the access device 22 from the storage capacitor 20 are 
unaffected by the implantation of silicon ions 70. 

[0044] The kinetic energy of the implanted silicon ions 70 
is adjusted to deliver the peak concentration in the resulting 
depth pro?le centered approximately Within the thickness of 
the BOX layer 18 (i.e., near the mid-plane of the BOX layer 
18). In order to provide the SRO region 72 With a suitable 
resistance, a suitable dose of implanted silicon ions 70 may 
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range from about l><l0l3 to about l><l0l6 cm_2. The kinetic 
energy of the implanted silicon ions 70 may range from 
about 50 keV to about 1000 keV (i.e., 1 MeV). The selection 
of a kinetic energy is contingent upon, among other param 
eters, the thickness and composition of the various layers in 
the layered structure (i.e., the array top insulator 44, the SOI 
body 16, and the BOX layer 18) that the ion trajectories 
traverse. Typically, the kinetic energy is selected such that 
the end-of-range tail of the depth pro?le for the implanted 
silicon ions 70 does not extend into the semiconductor 
substrate 14. Due to the vertical extent of the depth pro?le, 
a leading tail in the depth pro?le of the implanted silicon 
ions 70 Will stop Within the array top insulator 44 and the 
SOI body 16. HoWever, the silicon concentration in this 
leading tail is signi?cantly less than the concentration Within 
the BOX layer 18 forming the SRO region 72. 

[0045] As is apparent to a person ordinarily skilled in the 
art, a series of several relatively loW dose implantations may 
be substituted for a single implantation of a higher implan 
tation dose and/or a series of implantations at different 
kinetic energies (i.e., different ranges) may be substituted for 
a single implantation at one kinetic energy. In particular, 
sequential implantations at different kinetic energies and 
different doses may be required to establish an implanted 
depth pro?le of silicon in the SRO region 72 that extends 
substantially across or through the thickness of the BOX 
layer 18. Typically, the SRO region 72 bridges the entire 
thickness of the BOX layer 18. 

[0046] The resulting stoichiometry of the BOX layer 18 in 
the SRO region 72 is enriched in silicon due to the intro 
duction of excess silicon atoms by ion implantation. The 
enrichment may vary across the thickness of the BOX layer 
18 due to the graded depth pro?le of silicon atoms. For 
example, the SRO region 72 may include about one (1) at. 
% to about six (6) at. % of silicon in excess of the initial SiOX 
stoichiometry of the BOX layer 18, Which is understood to 
still exist in regions of the BOX layer 18 near the SRO 
region 72 that are substantially unaffected by the implanta 
tion. The silicon-rich stoichiometry of the SRO region 72 
makes the BOX layer 18 betWeen the SOI body 16 and the 
semiconductor substrate 14 locally leaky across the SRO 
region 72. 

[0047] An optional thermal treatment may be performed at 
a substrate temperature in the range from about 700° C. to 
about 10500 C. to anneal any implantation damage in the 
SOI body 16 and/or to improve the conductivity of the SRO 
region 72. The thermal treatment may be performed in either 
an inert or vacuum environment, where an inert environment 
may comprise, for example, an atmosphere of helium (He), 
argon (Ar), or nitrogen (N 2). 

[0048] The invention contemplates that, in the event that 
the dielectric layer represented by BOX layer 18 comprises 
a dielectric material other than SiOX, the implanted species 
creating the SRO region 72 may depart from the exemplary 
silicon ions 70, as described herein, and may be selected 
accordingly to provide the local non-stoichiometry that 
supplies the leaky body contact betWeen the SOI body 16 
and the semiconductor substrate 14. The implanted species 
may or may not be an elemental component of the constitu 
ent dielectric material of BOX layer 18. For example, the 
implanted species may be germanium (Ge) if the BOX layer 
18 is silicon oxide. 
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[0049] With reference to FIG. 8, computer modeling may 
be used to predict a set of implantation conditions charac 
teriZing a predicted depth pro?le 74 that is capable of 
forming the SRO regions 72 (FIG. 7). The predicted depth 
pro?le 74 is representative of the actual depth pro?le of the 
implanted silicon ions 70 (FIG. 7) and provides an indication 
as to an appropriate ion energy and dose given a speci?c 
layer construction for the semiconductor Wafer 10 and 
memory cell 12. The set of implantation conditions may 
subsequently be used to perform the actual ion implantation 
process With silicon ions 70 to create the SRO regions 72. 

[0050] The predicted depth pro?le 74 may be simulated on 
a suitable computing platform by implementing any of 
various publically available implantation simulation soft 
Ware programs that model the implantation process. For 
example, the predicted depth pro?le 74 may be determined 
using a Monte-Carlo simulation program, such as the 
Widely-available TRIM softWare application that relies on a 
quantum mechanical treatment of ion-atom collisions, as 
described in the book, “The Stopping and Range of Ions in 
Solids”, by J. F. Ziegler, J. P. Biersack, and U. Littmark, 
Pergammon Press, NeW York, 1985, to calculate the depth 
pro?le of ions implanted into matter consisting of compound 
materials With multiple layers, each of different materials. 
The implantation dose is optimiZed by the TRIM softWare 
given the implanted ion type and target materials and 
dimensions. 

[0051] As a speci?c example, the predicted depth pro?le 
74 may be determined for an exemplary layered construction 
for the memory cell array in Which the array top insulator 44 
is silicon oxide and has a thickness of 100 nm, the SOI body 
16 is silicon and has a thickness of 300 nm, and the BOX 
layer 18 is oxide and has an arbitrary thickness. The 
implanted ion species is Si+ and the ion kinetic energy is 400 
keV, Which produces a calculated range of about 530 nm and 
a calculated range straggle of about 122 nm. The depth 
pro?le 74 falls predominantly Within the vertical boundaries 
of the BOX layer 18 and has a peak concentration in the 
BOX layer 18 at a depth of about 130 nm beneath the 
interface betWeen the SOI body 16 and the BOX layer 18. 
As a result and taking into consideration the range straggle, 
this selection of implantation conditions is suitable if the 
BOX layer 18 has a thickness of about 300 nm so that the 
SRO region 72 substantially spans the entire thickness of the 
BOX layer 18. 

[0052] With reference to FIG. 9 in Which like reference 
numerals refer to like features in FIG. 7 and at a subsequent 
fabrication stage, the body contact resist layer 64 is stripped 
to expose an upper horizontal surface 66 of the pad nitride 
layer 62. A layer of an electrically conductive ?ll material, 
such as polysilicon or doped polysilicon, is deposited by a 
conventional process on surface 66. A portion of the con 
ductive ?ll material ?lls each body contact opening 68 With 
an electrically conductive plug 76. 

[0053] With reference to FIG. 10 in Which like reference 
numerals refer to like features in FIG. 9 and at a subsequent 
fabrication stage, the semiconductor structure of FIG. 9 is 
planariZed by a conventional planariZation process, such as 
CMP, that stops vertically on the upper horiZontal surface 66 
of the pad nitride layer 62. The planariZation process 
removes excess conductive ?ll material from surface 66 to 
re-expose the pad nitride layer 62. The pad nitride layer 62 
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is stripped by an etch process that removes the material of 
the pad nitride layer 14 selective to the materials constituting 
etch stop layer 60. For example, a Wet isotropic etch process 
using hot acid, such as phosphoric acid, may be employed to 
remove Si3N4 relative to oxide. The etch stop layer 60 is 
removed by a conventional planariZation process, such as a 
CMP process, that stops vertically at the upper horizontal 
surface 58 by relying on the caps 52 as a polish stop. 

[0054] The upper surface of the conductive plug 76 is 
recessed by, for example, an anisotropic dry etch process 
selective to the constituent material of etch stop layer 60. In 
particular, the etch process recesses the conductive plug 76 
to a depth beloW planar surface 58 and, therefore, beloW 
With the upper surfaces of the gap ?ll layer 56 and the caps 
52. The conductive plug 76 re-establishes the continuity of 
the passing Word line 50. 

[0055] After the SRO regions 72 and conductive plugs 76 
are formed, normal processing is used to complete the 
DRAM integrated circuit as understood by a person having 
ordinary skill in the art. Normal processing may include, but 
is not limited to, deposition of an interlayer dielectric such 
as BPSG or another suitable insulator, formation of the 
borderless bit line contacts and bit lines, and formation of 
higher level metalliZations and insulating layers. Each SRO 
region 72 electrically couples the SOI body 16 of the access 
device 22 With the semiconductor substrate 14 to de?ne a 
leaky current path therebetWeen. In each instance, the body 
contact opening 68 is established by removing a portion of 
one of the Word lines 46, 48, 50, 51 that is passing for each 
particular pair of memory cells 12 and betWeen each pair of 
memory cells 12. Each body contact or SRO region 72 
serves a pair of access devices 22 in a contiguous island 15 
of monocrystalline semiconductor de?ned by the SOI body 
16 on SOI Wafer 10. 

[0056] It should be noted that one embodiment of the 
present invention is described herein With semiconductor 
structures being doped for a particular device type, i.e. 
n-type FET’s (N -channel FET’s). HoWever, the invention is 
not so limited as a person having ordinary skill Would 
understand hoW to replace N-channel FET’s With p-type 
FET’s (P-channel FET’s) and n-type dopant With p-type 
dopant (e.g., boron or indium) Where appropriate Without 
departing from the spirit or scope of the invention. 

[0057] The present invention provides various advantages 
in comparison With the construction of conventional DRAM 
cell arrays. In particular, the present invention provides for 
ultra-scalable and high performance SOI vertical array 
DRAM device having a high-resistance body contact to 
potentially eliminate and, at the least, signi?cantly reduce 
the ?oating body effect by providing a conduction or leakage 
path through the BOX layer 18 from the SOI body 16 to the 
semiconductor substrate 14. The present invention is com 
patible With the current DRAM and enhanced dynamic 
random access memory (eDRAM) processes. The present 
invention is easy to implement in a circuit design and 
cost-effective, Which is bene?cial for purposes of manufac 
turability. 

[0058] The present invention is based upon the realiZation 
that a high-resistance body contact, de?ned by the SRO 
region 72, is su?icient for body charge equilibration in the 
access device 22 of long data retention time DRAM device 
and enables the use of a leaky BOX layer 18 as a high 
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resistance conduction or leakage path. The leaky interface 
betWeen the BOX layer 18 and S01 body 16 supplied by the 
SRO region 72 provides a relatively loW interface carrier 
recombination velocity. The bene?cial result is that the 
leakage current from storage capacitor 20, arising from 
diffusion of charge carriers to this interface, is signi?cantly 
reduced. Although Applicants do not Wish to be bound by 
theory, it is believed that the relatively loW body currents 
required for steady-state charge equilibration and the rela 
tively loW body capacitance dictate the bene?t of a relatively 
high resistance body contact. For example, a body contact 
resistance of less than 10 Megohms per cell (about 105 
ohm-um2 for 90 nm ground rules) is believed sufficient to 
maintain the body at an equilibrated condition Within 1 
nanosecond (ns) of a disturbance. In particular, a body 
contact resistance of less than 1000 Gigohms per cell is 
believed to be sufficient for sinking reasonably anticipated 
generation currents if the cell is sitting in standby. 

[0059] References herein to terms such as “vertical”, 
“horizontal”, etc. are made by Way of example, and not by 
Way of limitation, to establish a frame of reference. The term 
“horizontal” as used herein is de?ned as a plane parallel to 
the conventional plane or surface of semiconductor Wafer 
10, before processing and regardless of the actual spatial 
orientation of semiconductor Wafer 10. The term “vertical” 
refers to a direction perpendicular to the horizontal, as just 
de?ned. Terms, such as “on”, “above”, “beloW”, “side” (as 
in “sideWall”), “higher”, “loWer”, “over”, “beneath” and 
“under”, are de?ned With respect to the horizontal plane. It 
is understood that various other frames of reference may be 
employed for describing the present invention Without 
departing from the spirit and scope of the present invention. 

[0060] The fabrication of the semiconductor structure 
herein has been described by a speci?c order of fabrication 
stages and steps. HoWever, it is understood that the order 
may differ from that described. For example, the order of 
tWo or more fabrication steps may be sWitched relative to the 
order shoWn. Moreover, tWo or more fabrication steps may 
be conducted either concurrently or With partial concur 
rence. In addition, various fabrication steps may be omitted 
and other fabrication steps may be added. It is understood 
that all such variations are Within the scope of the present 
invention. It is also understood that features of the present 
invention are not necessarily shoWn to scale in the draWings. 

[0061] While the present invention has been illustrated by 
a description of various embodiments and While these 
embodiments have been described in considerable detail, it 
is not the intention of the applicants to restrict or in any Way 
limit the scope of the appended claims to such detail. 
Additional advantages and modi?cations Will readily appear 
to those skilled in the art. Thus, the invention in its broader 
aspects is therefore not limited to the speci?c details, rep 
resentative apparatus and method, and illustrative example 
shoWn and described. Accordingly, departures may be made 
from such details Without departing from the spirit or scope 
of applicants’ general inventive concept. 

What is claimed is: 
1. A semiconductor structure comprising: 

a semiconductor Wafer including a semiconductor sub 
strate, a semiconductor layer including a plurality of 
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semiconductor bodies, and a buried dielectric layer 
separating said semiconductor substrate from said 
semiconductor body; 

a plurality of memory cells built in an array on said 
semiconductor Wafer, each of said memory cells 
including a storage capacitor and an access device, and 
said access device including a vertical channel de?ned 
in one of the semiconductor bodies and a gate con?g 
ured to sWitch current ?oW through said vertical chan 
nel to said storage capacitor; and 

a body contact in said buried dielectric layer, said body 
contact adapted to electrically couple one of said semi 
conductor bodies With said semiconductor substrate. 

2. The semiconductor structure of claim 1 further com 
prising: 

an insulator-?lled trench electrically isolating a pair of 
said memory cells from adjacent memory cells in said 
array, said body contact extending substantially 
through said dielectric layer betWeen said pair of said 
memory cells. 

3. The semiconductor structure of claim 2 further com 
prising: 

a ?rst Word line electrically coupled With said gate of one 
of said pair of said memory cells; and 

a second Word line positioned betWeen said pair of said 
memory cells, said body contact being aligned verti 
cally With said second Word line. 

4. The semiconductor structure of claim 1 Wherein said 
buried dielectric layer has a ?rst stoichiometry, and said 
body contact further comprises a region of said buried 
dielectric layer With a second stoichiometry that differs from 
the ?rst stoichiometry. 

5. The semiconductor structure of claim 4 Wherein said 
region of said buried oxide layer is enriched atomically in an 
element of said buried dielectric layer. 

6. The semiconductor structure of claim 4 Wherein said 
buried dielectric layer is a buried oxide layer and the ?rst 
stoichiometry includes silicon and oxygen, and the second 
stoichiometry of said region of said buried oxide layer is 
enriched atomically in silicon. 

7. The semiconductor structure of claim 6 Wherein the 
second stoichiometry of said region of said buried oxide 
layer includes about 1 atomic percent to about 6 atomic 
percent of silicon in excess of the ?rst stoichiometry of said 
buried oxide layer. 

8. The semiconductor structure of claim 7 Wherein the 
?rst stoichiometry of said buried oxide layer is a stoichio 
metric ratio of silicon and oxygen. 

9. The semiconductor structure of claim 1 Wherein each of 
said memory cells comprises an eight square feature 
dynamic random access memory (DRAM) memory cell. 

10. A method for forming a semiconductor structure in a 
semiconductor Wafer including a semiconductor substrate, a 
semiconductor layer including a plurality of semiconductor 
bodies, and a buried dielectric layer separating the semicon 
ductor substrate from the semiconductor layer, the method 
comprising: 

forming a plurality of trenches in the semiconductor 
Wafer; 

building a plurality of vertical memory cells each in a 
corresponding one of the trenches; and 
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forming a body contact that extends substantially through 
the buried dielectric layer and electrically couples one 
of the semiconductor bodies With the semiconductor 
substrate. 

11. The method of claim 10 Wherein forming the body 
contact further comprising: 

implanting ions that stop in a region of the buried dielec 
tric layer betWeen tWo of the trenches to de?ne the at 
least one body contact. 

12. The method of claim 11 Wherein the buried dielectric 
layer is a buried oxide layer containing silicon and oxygen 
in a ?rst stoichiometry, and implanting ions further com 
prises: 

implanting silicon ions into the region of buried oxide 
layer to provide a second stoichiometry in the 
implanted region that dilTers from the ?rst stoichiom 
etry. 

13. The method of claim 12 Wherein an implanted dose of 
silicon ions is suf?cient to suf?cient to provide a second 
stoichiometry including about 1 atomic percent to about 6 
atomic percent of silicon in excess of the ?rst stoichiometry 
of the buried oxide layer. 

14. The method of claim 10 the vertical memory cells 
further include a ?rst vertical memory cell and a second 
vertical memory cell adjacent to the ?rst vertical memory 
cell, and further comprising: 

forming an insulating layer on the semiconductor body; 

building a plurality of Word lines on the semiconductor 
Wafer including a ?rst Word line on the insulating layer 
betWeen the ?rst and second memory cells and electri 
cally isolated from the ?rst and second memory cells; 
and 

Mar. 1, 2007 

removing a portion of the ?rst Word line to provide a body 
contact opening that exposes an area of the insulating 
layer overlying a region in the buried dielectric layer in 
Which the body contact is subsequently formed. 

15. The method of claim 14 Wherein forming the at least 
one body contact further comprises: 

implanting ions into the region in the buried dielectric 
layer through the body contact opening. 

16. The method of claim 15 Wherein the implanted ions 
penetrate through the insulating layer area and an area of the 
semiconductor body registered vertically With the insulating 
layer area to reach the buried dielectric layer region. 

17. The method of claim 16 Wherein implanting ions 
further comprises: 

selecting a kinetic energy of the implanted ions such that 
the implanted ions stop predominantly in the buried 
dielectric layer underlying the removed portion of the 
?rst Word line to de?ne the at least one body contact. 

18. The method of claim 14 Wherein the Word lines further 
include a second Word line connected With an access device 
of the ?rst vertical memory cell and a third Word line 
connected With an access device of the second vertical 
memory cell, the second and third Word lines electrically 
isolated from the ?rst Word line. 

19. The method of claim 10 Wherein each of the vertical 
memory cells including a storage capacitor and an access 
device With a vertical channel de?ned in the semiconductor 
body and a gate con?gured to sWitch current ?oW through 
the vertical channel to the storage capacitor. 


