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(57) ABSTRACT 

Microelectronic structures embodying the present invention 
include a silicon pillar contiguous With a bulk semiconduc 
tor, the pillar being surrounded by a shalloW trench isolation 
insulator, Which has been recessed to receive polysilicon and 
a superjacent layer of silicon deposited thereon. Source and 
drain (SID) terminals are formed in the silicon of the 
recessed portions of the shalloW trench isolation insulator. In 
this Way the S/D terminals are substantially isolated from the 
body, thereby substantially reducing both parasitic junction 
capacitance and junction leakage currents. Isolation of S/D 
terminals in this Way also reduces the degradation of effec 
tive channel length that can otherwise occur in MOSFETs. 
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202 
FORMING A TRENCH THAT DEFINES AT LEAST ONE PILLAR IN THE 

SURFACE OF A SUBSTRATE 

204 
SUBSTANTIALLY FILLING THE TRENCH WITH AN INSULATING MATERIAL 

l/ 206 
FORMING RECESSES IN THE INSULATING MATERIAL ADJACENT TO THE 

PILLAR 

1/ 208 
FILLING THE SUPER-RECESSES WITH POLYSILICON 

210 
ETCHING SUCH THAT A TOP SURFACE OF THE POLYSILICON AND A TOP 

SURFACE OF THE PILLAR ARE SUBSTANTIALLY COPLANAR 

212 
PERFORMING A SELECTIVE SILICON DEPOSITION 

214 
FORMING GATE INSULATOR AND GATE ELECTRODE LAYERS 

V 216 
PATTERNING A GATE ' 

/ 21a 

FORMING SELF-ALIGNED SOURCE/DRAIN TERMINALS 

FIG. ‘IO 
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SHIELDED CHANNEL TRANSISTOR STRUCTURE 
WITH EMBEDDED SOURCE/DRAIN J UNCTIONS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to metal-oxide-semiconduc 
tor ?eld effect transistors (MOSFETs) and more particularly 
to transistor structures having very loW junction capacitance, 
and methods of making same. 

[0003] 2. Background 

[0004] Advances in semiconductor process technology 
and digital system architecture have led to integrated circuits 
having increased operating frequencies. Unfortunately, 
higher operating frequencies result in undesirable increases 
in poWer consumption. PoWer consumption is a signi?cant 
problem in integrated circuit design generally, and particu 
larly in large scale, high speed products such as processors 
and microprocessors. 

[0005] Nonetheless, the trend of integrating more func 
tions on a single substrate While operating at ever higher 
frequencies goes on unabated. 

[0006] One Way to improve integrated circuit perfor 
mance, is by reducing the loading capacitance of MOSFETs. 
Transistor loading capacitance generally has three compo 
nents, intrinsic gate capacitance, overlap capacitance, and 
junction capacitance. To reduce junction capacitance, MOS 
FETs have been constructed on an insulating substrate. This 
is often referred to as silicon-on-insulator (SOI). Typical 
SOI processes reduce junction capacitance by isolating 
junctions from the substrate by interposing a thick buried 
oxide layer. HoWever, short-channel MOSFETs constructed 
With thick buried oxide isolation layers tend to have poor 
punch-through characteristics, poor short-channel character 
istics and other effects related to the ?oating body. 

[0007] What is needed is a structure having reduced 
junction capacitance While maintaining good device char 
acteristics. What is further needed is a method of manufac 
turing such a structure. 

SUMMARY OF THE INVENTION 

[0008] Brie?y, a MOSFET structure in Which the channel 
region is contiguous With the semiconductor substrate While 
the source and drain junctions are substantially isolated from 
the substrate, includes a dielectric volume formed adjacent 
and subjacent to portions of the source and drain regions. 

[0009] In a further aspect of the invention, a process for 
forming a MOSFET having an isolated source and drain, 
includes forming a recess in a shalloW trench isolation (STI) 
insulator material that surrounds a pillar of silicon Which is 
contiguous With the substrate, forming a silicon region 
Within the recess, and then completing the operations needed 
to form a MOSFET, resulting in a MOSFET With a source 
and drain isolated from the body by STI insulation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a schematic cross-section shoWing a 
silicon pillar extending from the substrate, With shalloW 
trench isolation (STI) oxide surrounding the pillar sideWalls, 
and a masking layer of silicon nitride overlying the pillar. 
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[0011] FIG. 2 is a schematic cross-section shoWing the 
structure of FIG. 2, after the exposed portion of the STI 
oxide is removed. 

[0012] FIG. 3 is a schematic cross-section shoWing the 
structure of FIG. 2, after the exposed portion of the pillar 
sideWall has been oxidiZed, the masking layer, comprised of 
silicon nitride, has been removed and a Well implant opera 
tion has been performed. 

[0013] FIG. 4 is a schematic cross-section shoWing the 
structure of FIG. 3, after polycrystalline silicon (poly) has 
been deposited and planariZed over the pillar and the 
recessed portion of the STI oxide. 

[0014] FIG. 5 is a schematic cross-section shoWing the 
structure of FIG. 4, after the poly has been etched back. 

[0015] FIG. 6 is a schematic cross-section shoWing the 
structure of FIG. 5, after a selective silicon deposition. 

[0016] FIG. 7 is a schematic cross-section shoWing the 
structure of FIG. 6, after a gate insulator layer is formed and 
a poly layer has been deposited and gate patterning opera 
tion has been performed. 

[0017] FIG. 8 is a schematic cross-section shoWing the 
structure of FIG. 7, after gate sideWall spacers have been 
formed. 

[0018] FIG. 9 is a schematic cross-section shoWing the 
structure of FIG. 8, after silicide formation. 

[0019] FIG. 10 is a ?oW diagram illustrating the various 
operations in a manufacturing process in accordance With 
the present invention. 

[0020] FIG. 11 is a schematic cross-section of an 
unlanded contact at a recessed S/D edge in accordance With 
an aspect of the present invention. 

[0021] FIG. 12 is a top vieW of a transistor layout With the 
contactless N to P diffusion connection. 

[0022] FIG. 13 is a cross-sectional side vieW of the 
transistor layout With the contactless N to P diffusion con 
nection in accordance With the present invention 

DETAILED DESCRIPTION 

[0023] The speed and poWer performance characteristics 
of MOSFET integrated circuits can be improved by reducing 
parasitic junction capacitance. Various attempts to reduce 
this junction capacitance have included fabricating transis 
tors on insulating substrates, for example sapphire, or more 
commonly, a silicon-on-insulator (SOI) substrate. While 
these approaches do reduce the junction capacitance asso 
ciated With FET structures by isolating the junctions from 
the semiconductor body, unfortunately they also create 
device performance problems due to the ?oating body effect. 

[0024] A further performance problem encountered in 
short channel FETs is that the relatively deep S/D junctions 
in such a Way that at very small channel lengths, the ability 
to control the effective channel length of the FET is 
degraded. More generally, it can be said that the relatively 
deep S/D junctions can exacerbate the observed short chan 
nel effects. 

[0025] FETs embodying the present invention include a 
silicon pillar, contiguous With the bulk semiconductor, that 
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is substantially surrounded by STI oxide, Which has been 
recessed to receive polysilicon, and a superjacent layer of 
silicon formed thereon. Subsequent to formation of the 
recesses in the STI oxide, the uppermost portion of the pillar, 
Which is not covered by the STI oxide, is oxidiZed to form 
a barrier layer. The source and drain are formed in the silicon 
of the recessed portions of the STI oxide. In this Way the 
source and drain are isolated from the body, thereby sub 
stantially reducing both parasitic junction capacitance and 
junction leakage currents. Isolation of the source and drain 
in this Way also reduces the degradation of effective channel 
length that can otherWise occur. 

[0026] Terminology 

[0027] The terms, chip, integrated circuit, monolithic 
device, semiconductor device, and microelectronic device, 
are often used interchangeably in this ?eld. The present 
invention is applicable to all the above as they are generally 
understood in the ?eld. 

[0028] The terms metal line, trace, Wire, conductor, signal 
path and signaling medium are all related. The related terms 
listed above, are generally interchangeable, and appear in 
order from speci?c to general. In this ?eld, metal lines are 
sometimes referred to as traces, Wires, lines, interconnect or 
simply metal. Metal lines, generally aluminum (Al), copper 
(Cu) or an alloy of Al and Cu, are conductors that provide 
signal paths for coupling or interconnecting, electrical cir 
cuitry. Conductors other than metal are available in micro 
electronic devices. Materials such as doped polysilicon, 
doped single-crystal silicon (often referred to simply as 
diffusion, regardless of Whether such doping is achieved by 
thermal diffusion or ion implantation), titanium (Ti), molyb 
denum (Mo), cobalt (Co), nickel (Ni) and tungsten and 
refractory metal silicides are examples of other conductors. 

[0029] The terms contact and via, both refer to structures 
for electrical connection of conductors from different inter 
connect levels. These terms are sometimes used in the art to 
describe both an opening in an insulator in Which the 
structure Will be completed, and the completed structure 
itself. For purposes of this disclosure contact and via refer to 
the completed structure. 

[0030] DIBL refers to drain induced barrier loWering. 

[0031] Epitaxial layer refers to a layer of single crystal 
semiconductor material. 

[0032] The term “gate” is context sensitive and can be 
used in tWo Ways When describing integrated circuits. As 
used herein, gate refers to the insulated gate terminal of a 
three terminal FET When used in the context of transistor 
circuit con?guration, and refers to a circuit for realiZing an 
arbitrary logical function When used in the context of a logic 
gate. A FET can be vieWed as a four terminal device When 
the semiconductor body is considered. 

[0033] Polycrystalline silicon is a nonporous form of 
silicon made up of randomly oriented crystallites or 
domains. Polycrystalline silicon is often formed by chemical 
vapor deposition from a silicon source gas or other methods 
and has a structure that contains large-angle grain bound 
aries, tWin boundaries, or both. Polycrystalline silicon is 
often referred to in this ?eld as polysilicon, or sometimes 
more simply as poly. 
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[0034] Source/drain terminals refer to the terminals of a 
FET, betWeen Which conduction occurs under the in?uence 
of an electric ?eld, subsequent to the inversion of the 
semiconductor surface under the in?uence of an electric 
?eld resulting from a voltage applied to the gate terminal. 
Generally, the source and drain terminals are fabricated such 
that they are geometrically symmetrical. With geometrically 
symmetrical source and drain terminals it is common to 
simply refer to these terminals as source/drain terminals, and 
this nomenclature is used herein. Designers often designate 
a particular source/drain terminal to be a “source” or a 
“drain” on the basis of the voltage to be applied to that 
terminal When the FET is operated in a circuit. 

[0035] SIMOX refers to a process that involves implanting 
oxygen and high temperature annealing to form a thin 
silicon ?lm over a buried oxide layer. The acronym 
“SIMOX” stands for separation by implantation of oxygen. 
SIMOX is sometimes used in this ?eld to refer to a product 
that is produced by the SIMOX process. 

[0036] Substrate, as used herein, refers to the physical 
object Which is the basic Workpiece that is transformed by 
various process operations into the desired microelectronic 
con?guration. Asubstrate may also be referred to as a Wafer. 
Wafers, may be made of semiconducting, non-semiconduct 
ing, or combinations of semiconducting and non-semicon 
ducting materials. 

[0037] The term vertical, as used herein, means substan 
tially perpendicular to the surface of a substrate. 

[00%] Method 

[0039] Referring to FIGS. 1-10, an illustrative embodi 
ment of the method of the present invention is described. As 
shoWn in FIG. 1, a Wafer is processed in knoWn Ways to 
form patterned and planariZed shalloW trench isolation 
regions in a surface of a substrate. Generally, this is accom 
plished by patterning a material such as silicon nitride on the 
surface of the Wafer, etching and then ?lling shalloW trench 
isolation regions in the surface of the Wafer. The results of 
this processing can be seen in FIG. 1, Where a substrate 102 
has one or more pillars 104 Which have not been etched 
because of a hard mask 106, Which is typically a patterned 
silicon nitride layer, and the etched regions are typically 
?lled With an electrically insulating material 108 such as 
silicon dioxide. The silicon dioxide that ?lls the trench is 
sometimes referred to simply as the trench oxide. Alterna 
tively, the shalloW trench isolation oxide may be referred to 
as ?eld oxide. The upper surface of pillar 104 is a portion of 
the original surface of the Wafer. 

[0040] As shoWn in FIG. 2, the Wafer is then subjected to 
a masking and etching step that removes a portion of trench 
oxide 108 that is adjacent to pillar 104. Arecess 110 formed 
by this masking and etching operation is typically made on 
tWo sides of pillar 104. TWo sides are typically used because 
these Will become the source/drain terminals. Recesses 110 
are formed to a depth such that a portion the sideWalls of 
pillar 104 are exposed. Material subsequently formed in 
recesses 110 Will become part of the source/drain terminals. 

[0041] Referring to FIG. 3, the structure that results from 
the removal of hard mask 106, can be seen. As a result of the 
removal of hard mask 106, recesses 110 are joined to 
effectively form a super-recess 111. 
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[0042] After removal of hard mask 106, the exposed 
sidewall portions of pillar 104 are oxidized to form a barrier 
layer 112 as shoWn in FIG. 4. In the illustrated embodiment 
of the present invention, barrier layer 112 has a thickness in 
the range of approximately 100 angstroms to 300 angstroms. 
Barrier layer 112 is an electrically insulating material. A 
polysilicon layer 114 is then formed in super-recess 111. 
Although the illustrative embodiment uses a polysilicon 
layer, other materials such as amorphous silicon (a-Si) may 
be used. 

[0043] Alternatively, barrier layer 112 may be formed by 
an oxidation operation prior to removal of hard mask 106. In 
a further alternative process ?oW, a polysilicon layer is 
deposited before the removal of hardmask 106. Those 
skilled in the art and having the bene?t of this disclosure Will 
understand that these and various other trade-offs or design 
choices are possible With the scope of the present invention. 

[0044] FIG. 5 shoWs a schematic cross-sectional vieW of 
the structure that results When the structure of FIG. 4 is 
subjected to a poly etch operation. As a result of etching poly 
114, the top surface of poly 114 is loWered until it is 
substantially even With the top surface of pillar 104. As can 
be seen in FIG. 5, the top surface of pillar 104 is exposed 
after this poly etch operation. Additionally, it can be seen 
that poly 114 is surrounded by electrically insulating mate 
rial on its bottom and side surfaces. 

[0045] FIG. 6 shoWs a schematic cross-sectional vieW of 
the structure that results When the structure of FIG. 5 is 
subjected to a selective silicon deposition operation. This 
selective silicon deposition is typically performed in a 
subatmospheric epi reactor. A silicon layer 116 is formed 
over pillar 104, barrier layers 112, and poly 114. Silicon 
layer 116 is a substantially single crystal silicon layer as 
distinguished from the polycrystalline nature of poly 114. In 
the illustrated embodiment of the present invention, silicon 
layer 116 has a thickness in the range of approximately 200 
angstroms to 500 angstroms. Due to lateral groWth of the 
silicon, silicon layer 116 Will be a continuous ?lm across 
barrier layers 112. Although the illustrative embodiment 
uses silicon for layer 116, other materials such as, for 
example, silicon germanium (SiGe) may also be used. 

[0046] After the formation of silicon layer 116, a gate 
insulating layer and a gate electrode layer are formed and 
then patterned to produce a gate insulator 118 overlying 
silicon layer 116 and pillar 104, and a gate electrode 120 
overlying gate insulator 118, as schematically shoWn in 
cross-section in FIG. 7. FIG. 8 shoWs a schematic cross 
section of the structure of FIG. 7 after the formation of 
sideWall spacers 122 adjacent to gate electrode 120 and gate 
insulator 118. SideWall spacers 122 are typically formed of 
silicon nitride. In the illustrated embodiment of the present 
invention, sideWall spacers 122 overlap barrier layer 112 as 
shoWn in FIG. 8. Additionally, sideWall spacers 122 serve to 
shadoW pillar 104 from a subsequent deep S/D implant. 

[0047] As can be seen in FIG. 9, a silicidation operation 
forms silicided source/drain regions 124, and a silicided 
region 125 of gate electrode 120. Various metals can be used 
to form silicided regions 124, 125, including but not limited 
to titanium. 

[0048] The process operations of an illustrative embodi 
ment of the present invention are further described With 
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reference to FIG. 10. As shoWn at block 202 in FIG. 10, a 
trench is formed in the surface of a substrate. This typically 
includes forming a layer of silicon nitride on a silicon Wafer, 
and patterning the silicon nitride such that portions of the 
underlying Wafer are exposed for etching. Trenches in the 
surface of the Wafer are formed by etching the exposed 
silicon. 

[0049] Subsequently, as shoWn at block 204, the trenches 
are substantially ?lled With an insulating material. In the 
illustrated embodiment, trench ?lling takes place With the 
patterned silicon nitride layer still present on the surface of 
the substrate, and therefore the trench depth is determined at 
this point in the process by etch depth into the substrate plus 
the thickness of the silicon nitride layer. This is seen clearly 
in the cross-sections of FIGS. 1-2. Typically the trenches are 
substantially ?lled With silicon dioxide, although alternative 
schemes such as using other insulators, or combinations of 
insulators are Within the scope of the invention. As shoWn at 
block 206, subsequent to substantially ?lling the trenches 
With insulating material, recesses in that insulating material 
are formed. In accordance With an embodiment of the 
invention suitable for fabricating FETs, a recess mask is 
used to de?ne the areas Where the recesses are to be formed. 
For FETs, the pillars formed at 202 are typically, but not 
necessarily, rectangular, and the recesses are formed on 
opposing sides to provide regions in Which the FET source/ 
drain terminals Will be formed. Typically, the patterned 
silicon nitride layer that overlies the top surface of the pillar 
is removed at this point in the process. 

[0050] After the patterned silicon nitride layer is removed, 
the recesses on opposing sides of the pillar are effectively 
joined into one larger opening, or “super-recess”, that is 
bounded on its outer vertical sideWalls by the trench insu 
lator material, and bounded on the bottom by the top surface 
of the pillar and the top surfaces of the trench insulator 
recesses. Introduction of impurities into the pillars is per 
formed to establish the desired electrical characteristics of 
the pillars. Impurities may be introduced by diffusion, 
implantation, or any other suitable method. For example, 
n-type impurities, including but not limited to arsenic, are 
implanted into regions Where p-type FETs are to be formed. 
Similarly, p-type impurities, including but not limited to 
boron, are implanted into regions Where n-type FETs are to 
be formed. Typically a shield layer, alternatively referred to 
as a barrier layer, is formed on the exposed sideWall portions 
of the pillar. The structures produced are seen clearly in 
FIGS. 3-4. As indicated at block 208 in FIG. 10, the 
super-recesses are substantially ?lled With polysilicon. 
Alternatively, a-Si may used. Subsequently, the polysilicon 
in the super-recesses is etched back 210 until the top surface 
of the polysilicon and the top surface of the pillar are 
substantially coplanar. As indicated at 212 a selective silicon 
deposition is then performed. Lateral groWth of this layer 
provides the mechanism by Which silicon also covers the 
barrier layers. 

[0051] In an alternative embodiment SiGe may be used in 
place of silicon to form the thin layer that spans across the 
S/D and channel regions. 

[0052] Gate insulator and gate electrode layers are formed 
214 over the surface of the substrate. The gate insulator is 
typically a thin layer of oxidiZed silicon, hoWever the 
thickness and chemical make-up of the gate insulator layer 
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may be varied Within the scope of the invention. The gate 
electrode layer is typically formed of polysilicon. Gates, i.e., 
the gate electrode and the gate insulator taken together, are 
then patterned 216 by knoWn methods. Typically sideWall 
spacers are formed adjacent to the gates. Such sideWall 
spacers may be formed of silicon nitride. Source/drain 
terminals are formed 218 typically by implanting impurities 
into the exposed silicon and the underlying polysilicon in the 
recessed portions of the trench insulator material. 

[0053] Structure of a Shielded Channel Transistor 

[0054] Referring to FIG. 9, a schematic cross-section of a 
shielded channel transistor (SCT) in accordance With 
embodiments of the present invention is shoWn. 

[0055] An SCT in accordance With embodiments of the 
present invention is an insulated gate FET built on a silicon 
pillar 104 large enough to accommodate the channel and 
shalloW S/D extensions. This pedestal is alternatively 
referred to as a pillar. The deep S/D region 114 used to make 
external contact to the device is formed using polysilicon 
embedded in trench isolation material 108, typically an 
oxide of silicon. S/D regions 114 are isolated from the 
transistor channel and silicon pillar 104 by a barrier layer 
112. In typical embodiments of the present invention, barrier 
layer 112 is formed by oxidation of at least a portion of the 
sideWalls of pillar 104. Such barrier layers 112 may alter 
natively be referred to as a shield oxide. Connection betWeen 
deep S/D regions 114 and the shalloW S/D extensions is 
effectuated through a selective epi silicon layer 116 formed 
over pillar 104, shield oxides 112, and the polysilicon of 
deep S/D regions 114. Conventional spacer, SID implant, 
and silicide operations are used to complete the transistor. 
Subsequent contact formation and Wiring operations are 
used to interconnect transistors to form more complex 
circuits. 

[0056] Embedding deep S/D regions 114 in the isolation 
material, rather than the bulk semiconductor, provides the 
loW S/D capacitance feature of the present invention. Barrier 
layers 112 on the sideWalls of pillar 104 alloW for termina 
tion of ?elds in the channel direction, thereby reducing the 
effects of DIBL. 

[0057] Unlanded Contacts 

[0058] Referring to FIG. 11, a schematic cross-section 
shoWing an SCT With both a landed contact and an unlanded 
contact. In the illustrative embodiment shoWn, an inter-layer 
dielectric 130 overlies trench oxide 108, silicided S/D and 
gate regions 124, 125, sideWall spacers 122. Contact open 
ings are formed through inter-layer dielectric 130 and ?lled 
With a conductive material. As can be seen in FIG. 10, 
contact 132 is unlanded, that is, only partially overlapped by 
silicided region 124. In contrast, contact 134 is landed, that 
is, completely overlapped by silicided region 124. 

[0059] As Will be appreciated by those skilled in the art 
having the bene?t of the present disclosure, the successful 
formation of contact 132, as compared to conventional S/D 
contacts, is less sensitive to manufacturing variations, such 
as misalignment, misregistration, overetching, and so on, 
because failure to maintain S/D overlap around the contact 
does not result in creating an unintended connection to the 
bulk semiconductor. 

Nov. 1, 2001 

[0060] Local Interconnect 

[0061] The local interconnect feature of the present inven 
tion results from the fact that the embedded S/D regions can 
cross Well boundaries in the ?eld oxide and connect diffu 
sions Without shorting the Wells they are placed in. Further, 
because the SID regions are silicided, the sheet resistivity of 
this form of interconnect is relatively loW, typically being in 
the range of approximately 2-10 ohms per square. 

[0062] An illustrative embodiment of the present inven 
tion is shoWn in FIG. 12 as a schematic top vieW of a 
transistor layout incorporating the local interconnect feature 
of the present invention. The local interconnect feature 
provides a contactless N to P connection. A p-channel FET 
(PFET) having a gate 302 is shoWn along With its associated 
source and drain terminals 304, 306. Similarly an n-channel 
FET (NFET) having a gate 310 is shoWn along With its 
associated source and drain terminals 312, 314. The tWo 
FETs are coupled to form an inverter. More particularly, 
drain 306 and drain 314 are coupled by a local interconnect 
308 that is formed from silicided polysilicon that resides in 
a recess in ?eld oxide. 

[0063] FIG. 13 shoWs a schematic cross-section of FIG. 
12 taken along line A-A. FIG. 13 illustrates the circuit 
formed in substrate 324, and in particular the connection 
made betWeen the tWo FETs by local interconnect 308. 
Local interconnect 308 includes the doped polysilicon 
formed in a recess in ?eld oxide 321, and a silicided upper 
portion Which effectively shorts together the N doped and P 
doped portions of the polysilicon. In this Way a connection 
betWeen the tWo transistors can be made Without having to 
form a contact to an interconnect line, such as metal, on 
another level. 

[0064] Conclusion 

[0065] Embodiments of the present invention provide the 
loW S/D capacitance typically associated With SOI, Without 
the need for SIMOX or bonded substrates. Embodiments of 
the present invention also eliminate the ?oating body and 
back gate effects found in SOI because the SCT channel is 
in a bulk Well. The isolation of the channel from the deep 
S/D alloWs shorter effective channel lengths Without requir 
ing increases in Well or halo implant doses. The local 
interconnect functionality and unlanded diffusion contact 
capability are features provided by the structure and imple 
mentation method. 

[0066] It Will be understood by those skilled in the art 
having the bene?t of this disclosure that many design 
choices are possible Within the scope of the present inven 
tion. For example, structural parameters, including but not 
limited to, gate insulator thickness, gate insulator materials, 
gate electrode thickness, sideWall spacer material, inter 
layer dielectric material, isolation trench depth, and S/D and 
Well doping concentrations may all be varied from that 
shoWn or described in connection With the illustrative 
embodiments. 

[0067] It Will be understood that various other changes in 
the details, materials, and arrangements of the parts and 
steps Which have been described and illustrated may be 
made by those skilled in the art having the bene?t of this 
disclosure Without departing from the principles and scope 
of the invention as expressed in the subjoined Claims. 
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What is claimed is: 
1. A microelectronic structure, comprising: 

a substrate; 

a pillar, contiguous With the substrate; 

a ?rst volume of material having a loWer portion and an 
upper portion disposed adjacent to the pillar; 

a second volume of material having a loWer portion and 
an upper portion disposed adjacent to the pillar; and 

a barrier layer disposed betWeen the pillar and the loWer 
portion of the ?rst volume and the loWer portion of the 
second volume. 

2. The structure of claim 1, Wherein the loWer portion of 
the ?rst volume and the loWer portion of the second volume 
comprise doped polysilicon. 

3. The structure of claim 1, Wherein the upper portion of 
the ?rst volume and the upper portion of the second volume 
comprise epitaxial silicon. 

4. The structure of claim 1, Wherein the barrier layer 
comprises silicon dioXide. 

5. The structure of claim 1, further comprising a ?rst 
dielectric volume disposed betWeen the ?rst volume and the 
substrate, and a second dielectric volume disposed betWeen 
the second volume and the substrate. 

6. The structure of claim 1, further comprising a ?rst 
insulator region having a ?rst recess; a second insulator 
region having a second recess, and Wherein the ?rst volume 
occupies the ?rst recess and the second volume occupies the 
second recess. 

7. The structure of claim 6, further comprising a gate 
superj acent the pillar. 

8. The structure of claim 7, further comprising an inter 
layer dielectric overlying the gate, the ?rst insulator region, 
the ?rst volume, the second insulator region, and the second 
volume. 

9. The structure of claim 8, further comprising an inter 
connect line disposed over the inter-layer dielectric; and a 
contact disposed betWeen the interconnect line and the ?rst 
volume, the contact providing electrical connectivity 
betWeen the interconnect line and the ?rst volume; and 
Wherein the contact is fully overlapped by the ?rst volume. 

10. The structure of claim 8, further comprising an 
interconnect line disposed over the inter-layer dielectric; and 
a contact disposed betWeen the interconnect line and the ?rst 
volume, the contact providing electrical connectivity 
betWeen the interconnect line and the ?rst volume; and 
Wherein the contact is partially overlapped by the ?rst 
volume. 

11. An insulated gate ?eld effect transistor comprising: 

a substrate having at least one pillar de?ned by a trench, 
the pillar having a top surface; 

an insulating material disposed Within the trench, the 
insulating material having a recessed portion such that 
the insulating material is recessed aWay from an upper 
portion of the pillar; 

a doped polysilicon layer disposed Within the recessed 
portion of the insulating material; 

a layer of single crystal silicon superjacent the doped 
polysilicon layer and the pillar; 
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a gate insulator layer superj acent the single crystal layer 
of silicon; and 

a gate electrode superjacent the gate insulator layer. 
12. The transistor of claim 11, Wherein the doped poly 

silicon layer has a top surface that is substantially coplanar 
With the top surface of the pillar. 

13. The transistor of claim 11, Wherein the insulating 
material comprises silicon dioXide. 

14. The transistor of claim 11, Wherein the gate insulator 
comprises silicon dioXide. 

15. The transistor of claim 11, further comprising a barrier 
layer disposed betWeen the pillar and the doped polysilicon. 

16. The transistor of claim 15, Wherein the barrier layer 
comprises silicon dioXide. 

17. A method of making a transistor, comprising: 

a) forming a trench that de?nes at least one pillar in the 
surface of a substrate, the pillar having at least tWo 
substantially opposing sides; 

b) substantially ?lling the trench With a ?rst insulating 
material; 

c) forming a recess in the ?rst insulating material on at 
least tWo sides of the pillar; 

d) forming a layer of polysilicon Within the recesses; 

e) etching, such that a top surface of the polysilicon and 
a top surface of the pillar are substantially coplanar; 

f) performing a selective silicon deposition; 

g) forming a gate terminal; 

h) forming self-aligned source/drain terminals. 
18. The method of claim 17, further comprising: 

forming a second insulating layer over the gate and 
source/drain terminals; and 

forming a contact opening in the second insulating layer 
such that the contact opening overlaps at least one 
source/drain terminal and the ?rst insulating material. 

19. The method of claim 17, further comprising forming 
a shield layer adjacent to the pillar, such that the shield layer 
electrically insulates the polysilicon layer from the pillar. 

20. The method of claim 17, Wherein forming a trench 
comprises forming a silicon nitride layer on a surface of a 
silicon Wafer; patterning the silicon nitride layer such that 
portions of the surface of the silicon Wafer are eXposed; and 
etching trenches in the eXposed portions. 

21. The method of claim 20, further comprising removing 
the patterned silicon nitride subsequent to the formation of 
recesses in the ?rst insulating material. 

22. The method of claim 21, Wherein forming the layer of 
polysilicon Within the recesses comprises substantially ?ll 
ing a super-recess With polysilicon and etching back the 
polysilicon such that the top surface of the polysilicon in the 
recesses is substantially co-planar With the top surface of the 
pillar. 

23. The method of claim 21, further comprising doping 
the pillar. 

24. The method of claim 23, Wherein doping the pillar 
comprises implanting impurities into a portion of the pillar. 


