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TRENCH BURIED BIT LINE MEMORY DEVICES 
AND METHODS THEREOF 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates in general to memory 
devices and in particular to memory devices having con 
ductive lines buried in isolation regions. 

[0002] Dynamic random access memory (DRAM) 
memory has enjoyed popular success over other types of 
memory technology because of its loW cost and simple 
memory cell layout, Which promotes scalability. A DRAM 
memory cell is capable of storing one bit of information and 
is constructed using only one memory cell transistor and one 
memory cell capacitor. As such, this memory cell is often 
referred to as a one-transistor one-capacitor (1T1C) cell. In 
a typical memory device, collections of 1T1C memory cells 
are grouped together by bit lines and Word lines forming a 
memory array. 

[0003] The industry is continually striving to produce 
DRAM memory devices that provide increased storage 
capacity, yet provide comparable to improved operational 
performance. Increase in circuit density is often the result of 
an ability to manufacture a given device in a smaller 
physical space than previously possible, alloWing an 
increase in packing density. HoWever, device density in 
DRAM memory is limited by both the resolution capability 
of available photolithographic equipment (feature siZe) and 
the area consumed by each memory cell in a given memory 
array. 

[0004] One knoWn DRAM memory device stacks storage 
capacitors above memory cells. For eXample, memory cells 
are fabricated by forming Word line gate stacks over a 
semiconductor substrate. Bit lines are subsequently fabri 
cated by forming a metal line in a passivating insulating 
layer over the semiconductor substrate. A bit line is electri 
cally coupled to an associated memory cell by forming a via 
that passes through one or more layers of the memory device 
to a bit line contact on the semiconductor substrate. Capaci 
tor structures are also formed over the semiconductor sub 
strate and are electrically coupled an associated memory cell 
by forming a via through one or more semiconductor layers. 
As such, for each memory cell, one via is required to connect 
the bit line to the memory cell and a second via is required 
to connect the capacitor structure to the memory cell. Under 
such an arrangement, the capacitor is typically stacked over 
the bit line. HoWever, this requires a relatively deep via 
having contact openings that are difficult to form and hard to 
?ll. For eXample, poor step coverage and adhesion may 
occur resulting in poor electrical performance and increased 
contact resistance. Accordingly, there is a continuing need 
for improved memory. 

[0005] The amount of charge that a storage capacitor can 
store is generally related to the amount of storage node 
surface area. As DRAM dimensions groW smaller, there is 
an ever-increasing need to maintain storage capacitance 
values despite more tightly packed circuits. HoWever, the 
minimum realiZable area of the vias required to connect the 
bit line and capacitor to the memory cell is limited by the 
minimum realiZable feature siZe. Accordingly, for a given 
area, space that Would otherWise be available for capacitor 
structures is required to provide the bit line and bit line 
contacts. As packing density in DRAM structures increases, 
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the via siZe thus serves to limit the area available for 
capacitor structures. Accordingly, there is a continuing need 
for improved or alternative memory device structures. 

SUMMARY OF THE INVENTION 

[0006] The present invention overcomes the disadvan 
tages of previously knoWn semiconductor devices by pro 
viding a memory device With a trench buried bit line. 

[0007] According to one embodiment of the present inven 
tion, a memory device such as a 6F2 memory device includes 
isolation trenches that are formed generally parallel to and 
along associated strips of active area. A conductive bit line 
is recessed Within each isolation trench such that the upper 
most surface of the bit line is recessed beloW the uppermost 
surface of the base substrate. A bit line contact strap elec 
trically couples the bit line to the active area both along a 
vertical dimension of the bit line strap and along a horiZontal 
dimension across the uppermost surface of the base sub 
strate. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0008] The folloWing detailed description of the preferred 
embodiments of the present invention can be best under 
stood When read in conjunction With the folloWing draWings, 
Where like structure is indicated With like reference numer 
als and in Which: 

[0009] FIG. 1 is a schematic top vieW of a portion of a 
memory device With a trench bit line according to one 
embodiment of the present invention; 

[0010] FIG. 2A is a diagrammatic section vieW of the 
memory device according to FIG. 1 taken along line A-A 
according to one embodiment of the present invention; 

[0011] FIG. 2B is a diagrammatic section vieW of the 
memory device according to FIG. 1 taken along line A-A 
according to another embodiment of the present invention; 

[0012] FIG. 2C is a diagrammatic section vieW of the 
memory device according to FIG. 1 taken along line A-A 
according to another embodiment of the present invention; 

[0013] FIG. 2D is a diagrammatic section vieW of the 
memory device according to FIG. 1 taken along line A-A 
according to another embodiment of the present invention; 

[0014] FIG. 3 is a diagrammatic cross section vieW of the 
memory device according to FIG. 1 taken along line B-B 
according to one embodiment of the present invention; 

[0015] FIG. 4A is a diagrammatic section vieW of the 
memory device of FIGS. 1 and 2A taken along line C-C of 
FIG. 1 according to one embodiment of the present inven 
tion; 

[0016] FIG. 4B is a diagrammatic section vieW of the 
memory device of FIGS. 1 and 2B taken along line C-C of 
FIG. 1 according to one embodiment of the present inven 
tion; 

[0017] FIG. 4C is a diagrammatic section vieW of the 
memory device of FIGS. 1 and 2C taken along line C-C of 
FIG. 1 according to one embodiment of the present inven 
tion; 
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[0018] FIG. 4D is a diagrammatic section vieW of the 
memory device of FIGS. 1 and 2D taken along line C-C of 
FIG. 1 according to one embodiment of the present inven 
tion; 
[0019] FIG. 5 is a diagrammatic section vieW of a memory 
device according to one embodiment of the present inven 
tion illustrating a memory cell pair; 

[0020] FIG. 6 is a schematic top vieW of a portion of a 
memory device With a trench bit line and a bit line contact 
termination according to one embodiment of the present 
invention; 
[0021] FIG. 7 is a How chart of a method of forming a 
buried bit line according to one embodiment of the present 
invention; and 

[0022] FIG. 8 is a schematic illustration of a computer 
system incorporating a memory device according to one 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0023] In the folloWing detailed description of the pre 
ferred embodiments, reference is made to the accompanying 
draWings that form a part hereof, and in Which is shoWn by 
Way of illustration, and not by Way of limitation, speci?c 
preferred embodiments in Which the invention may be 
practiced. It is to be understood that other embodiments may 
be utiliZed and that logical, mechanical and electrical 
changes may be made Without departing from the spirit and 
scope of the present invention. 

[0024] Preliminarily, the process steps and structures 
described herein do not form a complete process How for 
manufacturing integrated circuits. Rather, the present inven 
tion can be practiced in conjunction With a variety of 
integrated circuit fabrication techniques, including those 
techniques currently knoWn or used in the art. As such, not 
all commonly practiced process steps are disclosed herein. 
Certain commonly practiced process steps are included in 
the description herein for eXample, to provide contextual 
reference, for illustrative or eXemplary purposes, or as is 
necessary for an understanding of the present invention. 

[0025] Also, as used herein, the formation of a layer or 
region “over” a substrate or other layer refers to formation 
above, or in contact With, a surface of the substrate or layer. 
For example, Where it is noted or recited that an insulating 
layer is formed over a substrate, it is contemplated that 
intervening structural layers may optionally be present 
betWeen the insulating layer and the substrate. 

[0026] It Will be appreciated that the construction of a 6F2 
memory device discussed With reference to the Figures 
herein is for the purpose of facilitating discussion of the 
present invention. It is not limiting in the manner or appli 
cation of the various embodiments of the present invention 
herein. It Will also be appreciated that at times, the descrip 
tion herein Will refer to various formations including for 
eXample, Wells, regions and devices as being either a ?rst 
type or a second type. The designation of a ?rst type and a 
second type is used to merely differentiate the structures 
being discussed. For eXample, a ?rst type structure may 
comprise an N-type structure and a second type structure 
may comprise a P-type structure. Likewise, a ?rst type 
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structure may comprise a P-type structure and a second type 
structure may comprise an N-type structure. 

[0027] Referring initially to FIG. 1, a top vieW of a 
portion of a 6F2 memory array 100 according to one embodi 
ment of the present invention is illustrated. The memory 
array 100 includes a base substrate 102 having a plurality of 
strips of active area 106. Each strip of active area 106 is 
suitably doped to de?ne a plurality of source/drain regions 
150 separated by channel regions 151. In FIG. 1, the 
source/drain regions 150 are formed in the strips of active 
area 106 adjacent to the Word lines 134W and isolation 
device 1341. The channel regions 151 are formed in the 
strips of active area 106 underneath the Word line 134W and 
the isolation device 1341. 

[0028] Isolation regions 104 are formed as elongate 
trenches or strips of isolation generally parallel to and along 
side the strips of active area 106 such that there is an 
isolation region 104 spaced betWeen adjacent strips of active 
area 106. A bit line 120 is recessed Within each isolation 
region 104 and is thus illustrated With dashed lines to 
indicate that each bit line 120 is buried beloW the surface of 
the base substrate 102. A bit line contact strap 154 electri 
cally couples a select one of the bit lines 120 to an associated 
source/drain region 150 Within a corresponding strip of 
active area 106. 

[0029] Word lines 134W having side spacers 146 there 
about are formed over the base substrate 102 and are aligned 
generally perpendicular to the strips of active area 106. As 
shoWn, each Word line 134W crosses and is electrically 
coupled to an associated channel region 151 of each strip of 
active area 106 in the memory array 100. The Word lines 
134W thus de?ne transistor gates. A plurality of charge 
storage devices also referred to herein as storage node 
capacitors 158 are also formed over the base substrate 102. 
One capacitor 158 is coupled to an associated source/drain 
region 150 Within a corresponding strip of active area 106. 
Each capacitor 158 also has a common node connected to a 
cell plate common node voltage such as Vcc/2. 

[0030] The memory array 100 is arranged as a plurality of 
memory cell pairs 101. Each memory cell pair 101 is made 
up of tWo memory cells 103. Each memory cell 103 in a 
memory cell pair 101 includes a capacitor 150 and a cell 
transistor de?ned by channel region 151 and the correspond 
ing source/drain regions 150 located generally adjacent to 
the associated channel region 151. Each memory cell 103 in 
a memory cell pair 101 shares a common source/drain 
region 150 and bit line contact strap 154. 

[0031] As memory cells are packed more densely together, 
it becomes advantageous to provide isolation betWeen 
memory cell pairs to prevent leakage and other interference 
betWeen adjacent memory cells. Any manner can be used to 
provide suitable isolation. For eXample, islands of isolation 
can be formed betWeen adjacent memory cells. Another 
approach is illustrated in FIG. 1. As shoWn, a grounded gate 
structure also referred to herein as isolation device 1341 is 
positioned betWeen memory cells 103 of tWo adjacent 
memory cell pairs 101. The isolation device 1341 resembles 
a Word line 134W and can be fabricated in the same 
processing steps used to form the Word lines 134W. Each 
transistor de?ned by the isolation device 1341 is thus 
referred to herein as an isolation transistor 135 to be distin 
guished from cell transistors of memory cells 103. 
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[0032] Each isolation transistor 135 is de?ned generally 
along the intersection of the isolation device 134W and each 
strip of active area 106. Each isolation transistor 135 has a 
?rst and second source/drain region. Each of the ?rst and 
second source/drain regions is shared With an associated 
source/drain region 150 coupled to a capacitor 158 in 
adjacent memory cell pairs 101. The channel regions 151 of 
the isolation transistors 135 are coupled to a conductive line 
that is tied to a reference voltage biased to turn the isolation 
transistors off. Typically, this is accomplished by tying the 
reference voltage to Zero volts or ground potential. 

[0033] The isolation transistors 135 eliminate one and tWo 
dimensional encroachment problems associated With normal 
isolation processes. Furthermore, many photolithography 
problems are eliminated from the DRAM process as a result 
of the straight, simple design of both the active area and 
polysilicon in the memory cell. HoWever, it is possible for 
the isolation transistor 135 to suffer from slight to extreme 
subthreshold leakage (subVt). The subthreshold leakage can 
cause data to become corrupted in one or even both of the 
adjacent memory cells 103. Accordingly, reference voltages 
other than ground potential may also be used. For example, 
the isolation transistors 135 can be turned off “harder” to 
help turn off the subthreshold leakage path by setting the 
reference voltage coupled to the gate to a voltage more 
negative than ground. For example, a reference voltage 
generally around —0.2 volts to —0.5 volts may be used as an 
alternative to the ground potential. Another technique to turn 
off this isolation gate is by using a p+ doped gate over the 
isolation device, thus the Work function difference Will 
increase the threshold voltage. 

Fabrication of a Trench Bit Line 

[0034] Referring to FIG. 2A, 21 6F2 memory array 100 
according to one embodiment of the present invention is 
formed in a base substrate 102. The base substrate 102 may 
comprise any semiconductor material or combination of 
materials as is knoWn in the art. For example, the base 
substrate 102 may comprise doped or undoped silicon (Si), 
gallium arsenide (GaAs) or other semiconductor materials 
such as InP, CdS, or CdTe. The base substrate 102 may also 
comprise silicon on insulator (SOI) or silicon on sapphire 
(SOS) structures. 

[0035] Referring brie?y to FIG. 2B, the base substrate 102 
according to another embodiment of the present invention is 
formed from a composite of several layers of material. For 
example, the base substrate 102 is formed from a ?rst base 
layer 102E and a second base layer 102B. The ?rst base 
layer 102E is an appropriately doped epitaxial layer. As 
shoWn, the epitaxial layer is doped With a P-type material. 
The second base layer 102B is formed from a semiconductor 
material such as a P+ doped semiconductor material. 

[0036] Referring brie?y to FIG. 2C, the base substrate 102 
according to another embodiment of the present invention 
includes a buried layer 102C formed such as by diffusion or 
ion implantation. For example, a heavily doped N-type layer 
may be formed by doping the buried layer 102C With an 
impurity such as arsenic. Alternatively, a heavily doped 
P-type layer may be formed by doping the buried layer 102C 
With an impurity such as boron. After forming the buried 
layer 102C, a continuous epitaxial layer 102E is formed 
across the top surface over the buried layer 102C. 
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[0037] Referring brie?y to FIG. 2D, the base substrate 
102 according to another embodiment of the present inven 
tion is formed from a silicon layer over an insulating layer. 
For example, the base substrate 102 can include an oxide or 
insulator under silicon structure, buried oxide, or silicon on 
insulator structure. Under this arrangement, the base sub 
strate 102 is formed from an insulating layer sandWiched 
betWeen layers of semiconductor material. For example, the 
base substrate 102 is formed from a ?rst base layer 102E and 
a second base layer 102F and a third base layer 102G. The 
?rst base layer 102E is formed from an appropriately doped 
epitaxial layer. As shoWn, the epitaxial layer is doped With 
a P-type material. The second base layer 102F is formed 
from a layer of insulating material, and the third base layer 
102G is formed from a layer of semiconductor material. 

[0038] Referring back to FIG. 2A, a plurality of isolation 
regions 104 are formed in the base substrate 102 near strips 
or regions on the surface of the base substrate 102 desig 
nated for active area 106. Each isolation region 104 includes 
a shalloW trench isolation (STI) region as illustrated. The 
STI regions may be fabricated using any number of tech 
niques. For example, using photolithography and etching, a 
mask is arranged to de?ne each isolation region 104 as a 
trench 108 aligned generally parallel to the strips of desig 
nated for active area 106. While STI is shoWn, any trench 
forming techniques may be practiced With the present inven 
tion. 

[0039] The Walls 110 of the trenches 108 are substantially 
vertical as shoWn and may be formed using techniques such 
as anisotropic reactive ion etching. Other etching techniques 
may be used to form sloped or tapered sideWalls should an 
application dictate. Preferably, the trenches 108 are etched to 
a depth greater than tWice the minimum realiZable feature 
siZe. For example, according to one embodiment of the 
present invention, the trenches 108 are etched into the base 
substrate 102 to a depth of approximately three to four times 
the minimum realiZable feature siZe. 

[0040] Where the base substrate 102 includes a multilayer 
structure, the trenches 108 preferably extend through mul 
tiple layers. For example, referring to FIG. 2B, each trench 
108 recesses through the ?rst base layer (epitaxial layer) 
102E and extends into the second base layer 102B. Simi 
larly, referring to FIG. 2C, each trench 108 preferably 
extends through the epitaxial layer 102E and into the buried 
layer 102C. LikeWise, as shoWn in FIG. 2D, each trench 108 
extends through the epitaxial layer 102E and into the second 
base layer 102F of insulating material. Preferably, each 
trench 108 stops short of extending entirely through the 
second base layer 102F. 

[0041] Referring back to FIG. 2A, each trench 108 
includes a spacer 112 that insulates and lines at least a 
substantial portion of the trenches 108. For example, the 
spacer 112 according to one embodiment of the present 
invention includes a ?rst insulating layer 114 and a second 
insulating layer 116. According to one embodiment of the 
present invention, a thermal oxidation process is used to 
groW the ?rst insulating layer 114 along the sideWalls and 
?oor of the trenches 108 to a thickness of approximately 
40-80 angstroms. The second insulating layer 116 is then 
formed by depositing an oxide layer over the ?rst insulating 
layer 114 to a thickness of approximately 170-210 Ang 
stroms. The total thickness of the ?rst insulating layer 114 
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and the second insulating layer 116 is preferably approxi 
mately 1A the minimum realizable feature siZe. For example, 
according to one embodiment of the present invention, the 
total spacer thickness is approximately 250 Angstroms for a 
trench opening of 1,000 Angstroms. 

[0042] An optional third insulating layer 118 may be 
formed by depositing a nitride liner over the second insu 
lating layer 116 to a thickness of approximately 40-60 
angstrom. The third insulating layer 118 may be omitted for 
example, if the ?rst and second insulating layers 114, 116 are 
formed to a suitable thickness. Also, constraints on the 
thickness of the spacer 112 lining each trench 108 is relieved 
Where the trench extends into an insulator layer such as the 
base substrate 102 shoWn With reference to FIG. 2D herein. 
Also, Where the spacer 112 can be made relatively thinner, 
such as Where the trench is formed in an insulating layer as 
shoWn in FIG. 2D, the trench ?lling aspect ratio is relatively 
loWer than that possible With a thicker spacer 112 in a 
corresponding trench 108. With a loWer aspect ratio, the 
conductivity of the bit line 120 is generally better for a given 
height of the conductor. For example, With reference to FIG. 
2D, the spacer 112 has a total thickness of approximately 
100 Angstroms. 

[0043] Other techniques may be used to form the spacers 
112. For example, oxides may be introduced into the 
trenches such as by loW-pressure chemical vapor deposition 
(LPCVD), plasma enhanced chemical vapor deposition 
(PECVD), high density plasma (HDP) or high pressure 
oxidation (HIPOX) procedures. Chemical mechanical pol 
ishing (CMP) and etching procedures are then used to 
remove unWanted regions of the oxide. The trenches 108 
may contain additional layers or have a geometry that differs 
from that shoWn in the Figures depending upon the isolation 
characteristics desired for a speci?c application. 

[0044] Aconductive line is then formed Within each trench 
108 de?ning trench buried bit lines 120. Any conventional 
conductive material may be used to form the bit lines 120 
including materials such as titanium nitride, titanium sili 
cide, tungsten, tungsten nitride and refractory metal sili 
cides. The conductive line may also be formed by ?rst 
depositing a barrier layer such as TiN or WNx folloWed by 
a silicide or a refractory metal such as W, Mo. For example, 
a ?rst layer comprising sputtered titanium nitride is formed 
Within each trench 108 over the spacer layer 112. A second 
layer is formed over the ?rst layer using a technique such as 
chemical vapor deposition to deposit a conductive material 
such as tungsten or tungsten silicide. An optional third layer 
of titanium nitride polysilicon, silicon dioxide, or tungsten 
suicide may be formed over the second layer. While any 
conductive material may be used to form bit lines 120, a 
conductive material With a relatively high melting tempera 
ture such as a tungsten-based material including for 
example, tungsten/titanium nitride or tungsten/tungsten 
nitride is preferred. 

[0045] According to one embodiment of the present inven 
tion, the bit line 120 includes a layer of either titanium 
nitride or tungsten nitride deposited in the trenches 108. A 
layer of tungsten is formed over the titanium nitride using a 
conventional process such as chemical vapor deposition. 
Chemical depositing methods typically achieve good con 
formality and tungsten provides good conductivity for a loW 
resistance bit line. A chemical mechanical polish of the 
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tungsten is then performed to planariZed the bit line 120 and 
an etching process is used to recess the bit line 120 such that 
the uppermost surface 120A of the bit line 120 is recessed 
beloW the uppermost surface 102A of the base substrate 102. 
For example, unWanted portions of the bit line 120 may be 
removed using a chemical etching process such as ammo 
nium peroxide mixture Etching in APM alloWs 
control of the etch rate, for example, by modifying the etch 
recipe to change the medium concentration, etch tempera 
ture, or combinations thereof. Other etching processes such 
as a sulfuric acid etch With hydrogen peroxide, knoWn in the 
industry as Piranha etch, may also be used. 

[0046] After etching back tungsten to recess the bit lines 
120 beloW the uppermost surface 102A of the base substrate 
102, an insulator capping layer 122 is formed Within the 
trenches 108 and over the bit lines 120. For example, a ?rst 
capping layer 124 such as nitride is deposited over the bit 
line 120. For example a layer of nitride is formed to a 
thickness of approximately 50-100 angstroms using a tech 
nique such as PECVD. Nitride is optional, but preferred, to 
protect the tungsten bit line 120 from being oxidiZed by 
subsequent thermal processes. The trench 108 is then capped 
off With a dielectric capping layer 126. For example, high 
density plasma (HDP) may be used to cap off and top each 
trench 108. Other processing techniques may also be used to 
?ll the trench 108. For example, a gap ?ll folloWed by a 
CMP process may be used. The dielectric capping layer 126 
can also comprise other insulating materials including for 
example, TEOS, PSG, BSG, BPSG. 

[0047] Where the base substrate 102 includes a multilayer 
structure, the bit lines 120 are preferably buried beloW the 
?rst or uppermost layer. For example, referring to FIG. 2B, 
the bit lines 120 are recessed beloW the epitaxial layer 102E 
and into the second base layer 102B. Similarly, referring to 
FIG. 2C, the bit lines 120 are recessed beloW the epitaxial 
layer 102E and are buried substantially in the buried layer 
102C. Referring to FIG. 2D, the bit lines 120 are buried into 
the second base layer 102F. The uppermost surface 120A of 
the bit lines 120 preferably lie at or beloW the uppermost 
surface of the second base layer 102F. This arrangement 
provides good isolation because the conductive bit lines 120 
are surrounded by oxide thus providing good isolation. The 
bit line 120 according to this embodiment of the present 
invention exhibits relatively loWer digit capacitance since an 
insulator surrounds the bit lines 120. While bit line to bit line 
coupling may be more pronounced in this embodiment of 
the present invention as compared to other structures dis 
closed herein, such as the N+ buried layer shoWn 102C in 
FIG. 2C, hoWever, such effects can be offset by an overall 
healthier sensing signal. 

[0048] Referring back to FIG. 2A, a plurality of Wells 128 
are formed in the base substrate 102. For example, a 
plurality of P-type retrograde Wells are formed in the base 
substrate de?ning the areas of the base substrate for the 
strips of active area 106. Well formation is preferably 
performed after forming the isolation regions 104, but may 
be performed prior thereto or concomitantly thereWith. For 
example, if the isolation regions 104 are formed using STI 
techniques, Well ion implants may be optionally embedded 
into the base substrate 102 through the trenches 108 prior to 
forming the spacers 112. One manner of forming P-type 
Wells is to implant a P-type dopant into the base substrate 
102. The P-type dopant may include for example, a trivalent 
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element such as boron or BF2. Other implants may also 
optionally be performed after formation of the Wells. For 
example, voltage threshold adjustment implants and punch 
through implants may be performed. 

[0049] Although retrograde Wells are shoWn in the Figures 
herein, other Well formation techniques may be used to form 
Wells compatible With the various embodiments of the 
present invention. For example, diffusion Wells may be used 
in conjunction With, or in lieu of the retrograde Wells shoWn. 
The speci?c application Will dictate the techniques used to 
form the Wells. Diffusion or other Well forming techniques 
may also be formed prior to, subsequent to, or concomitantly 
With the formation of the isolation regions 104. For example, 
Where the base substrate 102 includes a multilayer structure 
such as that illustrated With respect to FIGS. 2B, 2C and 2D, 
the Wells 128 are preferably formed in the uppermost layer, 
or epitaxial layer 102E. 

[0050] Referring to FIG. 2A, the trenched bit lines 120 are 
surrounded by silicon substrate. During operation, the bit 
lines 120 Will sWing betWeen logic level 0 and logic level 1 
as information is conveyed therealong. Logic states are 
typically represented by nominal voltages 0 volts and Vcc 
volts respectively. The voltage levels on the bit lines 120 
may turn on the sideWalls of near access devices. To prevent 
any devices from being inadvertently turned on by the bit 
lines 120, the Wells 128 are preferably provided With a 
dopant 130. Speci?cally, the side Walls 132 of the Wells 128 
are doped at least adjacent to the bit line 120 buried in the 
trench 108. For example, a P-type impurity such as boron is 
doped into the base substrate 102 in a concentration that is 
sufficiently high to prevent inversion thus affecting cell to 
cell leakage. The dopant 130 can be implanted at the same 
time the Well 128 is formed. 

[0051] Referring to FIG. 2B, Where the second base layer 
102B includes a semiconductor material, a doping processes 
similar to that discussed With reference to FIG. 2A may be 
required. With reference to FIG. 2C, the bit line 120 is 
surrounded by the buried layer 102C Which is already 
heavily doped (biased) and as such, no further doping may 
be required. Also, With reference to FIG. 2D, the second 
base layer 102F is an insulating layer and as such, the doping 
may be omitted. 

[0052] Referring back to FIG. 2A, conductive line stacks 
134 are formed over the base substrate 102 in a direction 
generally perpendicular to the bit lines 120 using conven 
tional techniques. For example, the conductive lines com 
prise a gate oxide 136, a polysilicon gate layer 138, a 
conductive layer 140 such as tungsten, tungsten nitride or 
other conductive material and an insulating layer 142. 

[0053] Referring to FIG. 3, the conductive line stacks 134 
de?ne either Word lines 134W or isolation devices 134I. The 
general construction of Word lines 134W and isolation 
devices 134I are essentially identical hoWever, the isolation 
devices 134I are terminated by a reference voltage such as 
ground potential. The gate oxide 136 may be groWn by 
thermal oxidation of the base substrate 102, or the gate oxide 
136 may be formed by other conventional techniques such 
as chemical vapor deposition (CVD). It Will be appreciated 
that When groWing the gate oxide 136, the oxide Will form 
on any exposed silicon surface, thus removal of portions of 
the gate oxide 136 from the surface of the base substrate 102 
may be required as the speci?c application dictates. 
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[0054] The polysilicon gate layer 138 may be formed 
using any number of processing techniques including 
LPCVD. An optional doping of the polysilicon gate layer 
138 may be performed to enhance gate performance. For 
example, the polysilicon gate layer 138 may be doped With 
a P-type impurity such as Boron. After the appropriate ion 
implants the polysilicon gate layer 50 may optionally be 
annealed. 

[0055] It may be desirable to reduce channel resistance or 
increase speed parameters of various devices being fabri 
cated. As shoWn, an ion implant is used to form optional 
lightly doped drain regions (LDD) 144. Alternatively, mod 
ern drain extension techniques including laterally abrupt 
extension formations may be used. Each conductive line 
stack 134 acts as a mask for the implant process, thus the 
LDD regions 144“self align” With the conductive line stacks 
134. The LDD regions 144 are preferably shalloW in the 
vertical direction to prevent punch through effects When the 
device is off. 

[0056] A spacer layer is formed over the base substrate 
102 and etched back de?ning side spacers 146 about the 
conductive line stacks subsequent to forming the LDD 
regions 144. For example, a generally conformal spacer 
layer such as oxide or nitride may be deposited using a 
chemical vapor deposition (CVD) process. Portions of the 
spacer layer are then removed to de?ne side spacers 146 
against the vertical Walls of the conductive line stacks 134. 
The side spacers 146 may have upper edges that are rounded 
or curved and may be formed for example, by applying a 
directed reactive ion beam etch doWnWardly onto the sub 
strate. It shall be appreciated that other anisotropic etch 
processing techniques may also be used. 

[0057] After forming the side spacers 146, a further ion 
implantation is optionally performed to further de?ne the 
source/drain regions for each conductive line stack 134. The 
ion implant is at a higher concentration and energy than that 
used to form the LDD regions 144 thus the doped regions 
148 are illustrated as having a deeper penetration into the 
base substrate 102 adjacent to the portion of the LDD 
regions 144 underneath the side spacers 146. The LDD 
regions 144 and the doped regions 148 jointly de?ne the 
doped source/drain regions 150. 
[0058] It Will be appreciated that depending upon the 
intended application, one or both of the implant steps used 
to form the source/drain regions 150 may be eliminated from 
the manufacturing steps. It Will further be appreciated that 
the source/drain regions 150 may be implanted during other 
processing steps. Also, the type of implant used to de?ne the 
source/drain regions 150 Will depend upon the type of Well 
formed. For example, Where the Well is a P-type Well, the 
source/drain regions 150 may be formed from an N-type 
dopant such as phosphorous or arsenic. Other types of 
implants such as halo implants may also optionally be 
performed at this time. 

[0059] Once all of the ion implants have been performed, 
the memory device 100 may be annealed if necessary, to 
activate the various dopants and the ion implants heretofore 
discussed. The anneal process may also help remove some 
damage caused to the substrate 102 as the ions that have 
been implanted impregnate the base substrate 102. For 
example, a rapid thermal anneal (RTA) process or other 
processing techniques may be used as the technology alloWs 
and the application dictates. 




























