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57 ABSTRACT

Metal-oxide-semiconductor (MOS) transistors with reduced
subthreshold conduction, and methods of fabricating the
same. Transistor gate structures are fabricated in these tran-
sistors of a shape and dimension as to overlap onto the active
region from the interface between isolation dielectric struc-
tures and the transistor active areas. Minimum channel length
conduction is therefore not available at the isolation-to-active
interface, but rather the channel length along that interface is
substantially lengthened, reducing oft-state conduction.
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I-SHAPED GATE ELECTRODE FOR
IMPROVED SUB-THRESHOLD MOSFET
PERFORMANCE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Not applicable.
STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not applicable.

BACKGROUND OF THE INVENTION

[0003] This invention is in the field of integrated circuits.
Embodiments of this invention are more specifically directed
to metal-oxide-semiconductor (MOS) transistors.

[0004] Many modern electronic devices and systems now
include substantial computational capability for controlling
and managing a wide range of functions and useful applica-
tions. As is fundamental in the art, reduction in the size of
physical feature sizes of structures realizing transistors and
other solid-state devices enables greater integration of more
circuit functions per unit “chip” area, or conversely, smaller
chip area consumed for a given circuit function. The capabil-
ity of integrated circuits for a given cost has greatly increased
as a result of this miniaturization trend.

[0005] As is fundamental in the art, a MOS transistor ide-
ally conducts very low drain current at gate-to-source volt-
ages below the transistor threshold voltage. Subthreshold
leakage current, which is the drain current conducted by a
MOS transistor under drain-to-source bias but at gate volt-
ages below the threshold voltage, is generally undesirable in
digital circuits, particularly in applications that are sensitive
to power consumption, such as mobile devices, implantable
medical devices, and other battery-powered systems. In
recent years, certain analog circuits, such as voltage reference
circuits, implement MOS ftransistors that are biased in the
subthreshold region by design, so as to conduct low levels of
current at low power supply voltages, while still providing a
stable output reference voltage. In each of these circuit appli-
cations, minimal subthreshold conduction is desired.

[0006] Another non-ideal characteristic of MOS transistors
is referred to in the art as “1/f” noise, or “flicker” noise,
referring to frequency-dependent random variations in device
drain current. Flicker noise generally appears in MOS tran-
sistors under both strong inversion (saturation) and weak
inversion (subthreshold). MOS transistor flicker noise
appears as deviations of circuit performance from design. For
example, flicker noise in the signal processing and commu-
nications context appears as phase noise (i.e., random fluc-
tuations in the phase of a periodic signal), or “jitter” when
expressed in the time domain. It has been observed that ana-
log circuits with subthreshold-biased MOS transistors are
especially susceptible to flicker noise.

[0007] Advances in semiconductor technology in recent
years have enabled the shrinking of minimum device feature
size (e.g., the width of the gate electrode) into the deep sub-
micron range. State of the art MOS transistor gate widths are
now on the order of one-quarter micron. Especially in these
sub-micron devices, subthreshold behavior is degraded by a
mechanism commonly referred to as the inverse narrow width
effect (“INWE”), in which the threshold voltage becomes
lower with narrower channel width. It has been observed that
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this effect is concentrated at the edges of the transistor chan-
nel, specifically at the active-to-field edge underlying the gate
electrode.

[0008] FIGS. 1a and 15 illustrate the construction of con-
ventional n-channel MOS transistor 2 that is susceptible to the
INWE. Transistor 2 is formed at an active region of the
surface of semiconductor substrate 4, that active region sur-
rounded by isolation dielectric structure 5. In the plan view of
FIG. 1a, source/drain regions 6 are the visible portions of this
active region, which also includes the surface of the substrate
4 underlying gate structure 8. Gate structure 8, which is
typically formed of polycrystalline silicon, a metal, or a con-
ductive metal compound, overlies gate dielectric 7 (FIG. 156)
at the surface of the active region and extends onto isolation
dielectric structure 5. Gate dielectric 7 is typically formed of
silicon dioxide, silicon nitride, a combination of the two, or in
some cases is formed of a “high-k” material such as hatnhium
oxide. As fundamental in the art, the channel region of tran-
sistor 2 is defined by those locations of the active region
underlying gate structure 8 between source and drain regions
6. For this n-channel example, source/drain regions 6 are
heavily doped n-type portions at the surface of p-type sub-
strate 4, formed in self-aligned manner relative to gate struc-
ture 8. The channel region underlying gate structure 8 remains
p-type. In this example, transistor 2 has a wide channel region
relative to its channel length, as established by the four seg-
ments of gate structure 8 that extend across the active region.
These four segments of gate structure 8 are connected in
parallel by way of the contiguous end regions overlying iso-
lation dielectric structure 5. As such, alternating ones of the
source/drain regions 6 correspond to the source and drain,
respectively, of transistor 2. Source/drain conduction in tran-
sistor 2 thus travels in a direction perpendicular to the longer
axis of gate structure 8, shown in this example by channel CH.
Contact locations 9 are shown in FIG. 1a, by way of which
overlying metal conductors may contact source/drain regions
6 and gate structure 2 in the conventional manner.

[0009] FIG. 15 illustrates the cause of the INWE mecha-
nism in transistor 2, by way of a cross-sectional view taken at
the interface between the active region at the surface of sub-
strate 4 and isolation dielectric structure 5, at the edge of the
transistor channel underlying gate structure 8. Source/drain
current is conducted in a direction into and out of the page of
FIG. 14. In this example, isolation dielectric structure 5 is of
the type referred to in the art as shallow trench isolation (STT).
STI structures are conventionally formed by etching recesses
into the surface of the substrate at selected locations, depos-
iting dielectric material such as silicon dioxide into those
etched recesses, and then removing excess deposited dielec-
tric (e.g., by chemical-mechanical polishing) to planarize the
surface of the STI structures with the surface of neighboring
active regions.

[0010] Due to the effects of conventional processes, devia-
tion in the uniformity of gate dielectric 7 can be present at
interface IF between the active region and its adjacent isola-
tion dielectric structure 5. FIG. 15 illustrates this deviation in
an exaggerated fashion, for purposes of this description. More
specifically, arecess into the underlying structure is formed at
interface IF, and is filled by gate dielectric 7 and gate structure
8. Gate dielectric 7 is typically locally thin in this recess at
interface IF, as compared to the rest of the film. This deviation
is often manifest in the electrical characteristics of transistor
2 as a lower conduction threshold, namely a lower threshold
voltage and a higher current density for a given gate-to-source
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voltage, as compared with the rest of the channel of transistor
2. This lower conduction threshold is believed to be due to the
thinner gate dielectric 7 at interface IF, and also by the “gate
wraparound” effect as gate structure 8 dips into the recess at
that location. The lowering of the conduction threshold is also
referred to in the art as the “double hump” effect. This effect
has been observed to be more prevalent in integrated circuits
constructed with STT isolation, as opposed to other isolation
techniques (e.g., local-oxidation-of-silicon, or “LOCOS”).
Because this edge effect more strongly affects transistors with
shorter physical gate width, the resulting degradation in elec-
trical performance is classified as a result of INWE behavior.

[0011] Incircuit implementations, the premature edge con-
duction at interface IF between the active region and isolation
dielectric structure 5 is reflected in performance degradation
in several ways. The increased current density and lower
threshold voltage at the channel edge of course appears as a
higher level of subthreshold conduction, especially at
elevated temperature. Unlike subthreshold conduction in the
main portion of the transistor channel, this edge conduction
has been observed to have a lower body-eftect coefficient than
does the main part of the channel. As a result, an increased
back-bias applied to the transistor body (i.e., well region in
which transistor 2 is formed, or the substrate itself, as the case
may be) will reduce the subthreshold conduction in the main
part of the channel, but will have a much lesser effect relative
to the edge conduction, allowing premature edge conduction
to dominate the level of subthreshold conduction of transistor
2 under that bias condition. Analog circuits constructed with
transistors with lower conduction threshold at channel edges
due to this mechanism also exhibit a high level of flicker
noise, especially at low gate voltage and with applied back
bias.

[0012] Oft-state leakage due to the edge effect described
above exhibits a relatively high variance over a population of
transistors. This large device-to-device variance is somewhat
inherent due to nature of this mechanism, in which a signifi-
cant fraction of the subthreshold channel current is conduct-
ing at the poorly controlled channel edge of interface IF. This
dominance is particularly evident at subthreshold gate bias
and with back bias applied to the body node, as current
through the main channel is reduced under those conditions.
Processes such as chemical-mechanical planarization (CMP)
and wet oxide etch typically have a high process variation,
randomize the INWE mechanism and thus cause significant
mismatch among the transistors in a given integrated circuit.
This device mismatch is especially problematic in those ana-
log circuits that rely on good matching of device character-
istics, such as low power bandgap voltage reference circuits,
as described in Joly et al., “Temperature and Hump Effect
Impact on Output Voltage Spread of Low Power Bandgap
Designed in the Sub-threshold Area”, International Sympo-
sium on Circuits and Systems (IEEE, May 2011), pp. 2549-
52, incorporated herein by reference.

[0013] Fabrication techniques addressing the edge conduc-
tion effect described above are known in the art. One
approach involves the formation of a thicker gate dielectric at
the edges of the channel region, at the active-to-isolation
interface. The gate dielectric over the rest of the channel away
from this edge remains at its nominal thickness for the desired
technology. The thicker gate dielectric “fence” at the interface
suppresses source-drain conduction along the transistor chan-
nel edge, and also can eliminate the “gate wraparound” effect
and the resulting enhanced subthreshold conduction. How-
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ever, fabrication of such a dual gate dielectric structure is
significantly more complicated than that for a gate dielectric
of'a single thickness, involving at least one additional photo-
lithography process as well as an additional etch. Both of the
additional lithography and etch processes, besides adding
manufacturing cost, also increase process variability among
transistors in the same integrated circuit, and from wafer to
wafer. Significant chip area is also consumed by this
approach, to maintain the original transistor drive character-
istics. In many situations, it is in fact difficult to control the
extension of the fence into the active region, which is espe-
cially costly as the tolerance and controllability of the fence
becomes a significant fraction of the active area. As such, the
thicker dielectric fence approach is generally not useful at
deep submicron widths.

[0014] Another known approach addressing the effect of
the lower conduction threshold at the active-to-isolation
interface is shown in plan view in FIG. 1 ¢. This example of
transistor 2' is referred to in the art as a “ring-FET”, in that its
gate structure 8' has a ring shape in its portion overlying the
active region. As such, the bulk of the channel region of
transistor 2' is also in the shape of a ring, with one source/
drain region 6s defined as the portion within the interior of
ring-shaped gate structure 8', and the other source/drain
region 6d defined as the portion of active region outside of
gate structure 8'. This results in a channel region that has no
edge at an active-to-isolation interface. Rather, because
active-to-isolation interface IF is located at an edge of the
active region so as to constitute a potential conduction path
between portions of contiguous source/drain region 6d,
which is necessarily at a uniform potential, no channel con-
duction occurs along interface IF that would significantly
degrade subthreshold conduction performance, 1/f noise per-
formance, or invoke the other effects described above relative
to FIGS. 1a and 1b. However, it has been observed that
fabrication of ring-shaped gate structure 8' is quite difficult, in
that the dimensions of polysilicon structures of this shape are
not as well-controlled as orthogonal rectangular shapes. For
this reason, in the most advanced technologies, the shapes of
polysilicon or metal gate structures are restricted to all be
either horizontal or vertical (i.e., “north-south” or “east-west”
in the layout), precluding ring-shaped gate shapes. Further-
more, it is difficult to derive compact computer models for
current conduction in ring-FETs, and those models are not
scalable, restricting the flexibility with which variable widths
and lengths of MOSFETS can be used during circuit design.

[0015] By way of further background, as described in
Thakar et al., “High Performance 0.3 um CMOS using I-Line
Lithography and BARC”, Digest of Technical Papers, Sym-
posium on VLSI Technology (IEEE, 1995), pp. 75-76, and in
Thakar et al., “A Manufacturable High Performance Quarter
Micron CMOS Technology Using I-Line Lithography and
Gate Linewidth Reduction Etch Process”, Digest of Technical
Papers, Symposium on VLSI Technology (IEEE, 1996), pp.
216-17, both incorporated herein by reference, polysilicon
gate structures that are patterned and etched with a “hammer-
head” structure at their tip ends extending onto field oxide are
known in the art, for avoiding narrowing of the polysilicon
gate as it passes from the active region onto the adjacent field
oxide, and “pull back” of the line end of the gate from the field
oxide.
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BRIEF SUMMARY OF THE INVENTION

[0016] Embodiments of this invention provide a transistor
structure and method of manufacturing the same that avoids
subthreshold conduction degradation due to gate dielectric
thinning and other mechanisms at the active-to-isolation
structure interface of the transistor channel edge.

[0017] Embodiments ofthis invention provide such a struc-
ture and method that ensures low variance in subthreshold
conduction among a population of transistors.

[0018] Embodiments ofthis invention provide such a struc-
ture and method that is readily compatible with existing
manufacturing processes and technology, and that can be
realized with minimal increase in manufacturing cost.
[0019] Embodiments ofthis invention provide such a struc-
ture that lends itself to compact computer modeling, provid-
ing improved flexibility in the design process.

[0020] Other objects and advantages of embodiments of
this invention will be apparent to those of ordinary skill in the
art having reference to the following specification together
with its drawings.

[0021] Embodiments of this invention may be imple-
mented into a metal-oxide-semiconductor (MOS) integrated
circuit, and a method of manufacturing the same, by con-
structing transistor gate structures with one or more central
portions that extend in a first direction across an active region
at a semiconducting surface of a body to define a transistor
channel region of the active region. Each central portion of the
gate structure has end portions that are widened relative to the
width of the central portion itself, and that overlie the inter-
face between the active region and its adjacent isolation
dielectric structure. The overlapping end portions of the gate
structure effectively increase the channel length for conduc-
tion along the active-to-isolation interface, thus reducing
early turn-on of the transistor at subthreshold gate voltages,
and reducing the extent to which conduction is dominated at
the channel edge.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0022] FIGS. 1a and 1c are plan views, and FIG. 15 is a
cross-sectional view, of conventional metal-oxide-semicon-
ductor (MOS) transistors.

[0023] FIGS. 24, 25, and 2e are plan views, and FIGS. 2¢
and 2d are cross-sectional views, of MOS transistors con-
structed according to embodiments of this invention.

[0024] FIG. 3 is a plan view of a MOS transistor of large
channel width constructed according to embodiments of this
invention.

[0025] FIG. 4 is a flow diagram of the manufacturing pro-
cess flow for fabricating MOS transistors according to
embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0026] This invention will be described in connection with
its embodiments, namely as implemented into an integrated
circuit including metal-oxide-semiconductor (MOS) transis-
tors, as it is contemplated that the invention will be especially
beneficial in such an implementation. However, it is contem-
plated that this invention can provide significant benefit when
applied to many other integrated circuit structures and meth-
ods. Accordingly, it is to be understood that the following
description is provided by way of example only, and is not
intended to limit the true scope of this invention as claimed.
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[0027] FIGS.2a and 24 illustrate in plan view, and FIGS. 2¢
and 24 in cross-sectional views, the construction of transistor
20 according to embodiments of this invention. In this
example, transistor 20 is a metal-oxide semiconductor (MOS)
transistor formed at a selected location of the surface of
single-crystal silicon substrate 22. More specifically, transis-
tor 20 is an n-channel MOS transistor formed at active region
23 of the surface of p-well 26, that active region 23 being
located between isolation dielectric structures 25 (or sur-
rounded by a single such structure 25, depending on the
larger-scale layout of the integrated circuit). In this example,
isolation dielectric structures 25 are formed as shallow trench
isolation (STI) structures. As known in the art, an STT struc-
ture consists of an element of dielectric material formed by
deposition or the like into a recess etched into a surface of the
semiconductor material at which transistors are to be formed;
the term “shallow” is intended to convey that the isolation
provided by the structure is the electrical isolation of the
adjacent surface semiconductor regions on one side of the
structure from semiconductor regions on the other side of the
structure. Typically, shallow trench isolation structures are
formed of a combination of a thermally grown silicon dioxide
liner and a deposited (CVD) silicon dioxide fill, but may
alternatively be formed of other dielectric materials. Active
region 23, and other active regions in the same integrated
circuit, at which transistors such as transistor 20 of FIGS. 2a
through 24 are formed, are defined by those surface locations
of the semiconductor material (e.g., substrate 22) at which
isolation dielectric structures 25 are not present.

[0028] FIG. 2a illustrates a portion of the integrated circuit
at which transistor 20 is to be formed, at a stage of manufac-
ture of the integrated circuit prior to gate formation. As evi-
dent from FIG. 24, active region 23 is defined as a generally
rectangular area of the surface of substrate 22 in the interior of
surrounding contiguous isolation dielectric structures 25.
This rectangular arrangement is typical for modern integrated
circuits fabricated using sub-micron technology, in which
orthogonal rectangular feature shapes and orthogonal orien-
tation of conductive facilitate dimensional control in manu-
facturing, and are also readily scalable. In this rectangular
arrangement, the boundaries of active region 23 are parallel
edges E_H extending in the horizontal direction (in the view
of FIG. 2a) adjacent to isolation dielectric structures 25, and
parallel edges E_H extending in the vertical direction; hori-
zontal edges E_H are substantially perpendicular to vertical
edges E_V in this rectangular arrangement, as shown.

[0029] Referring to FIGS. 25 through 2e, this example of
transistor 20 is an n-channel MOS transistor formed into
p-type well 24, which in this example is a doped region
formed into substrate 22 by way conventional ion implanta-
tion and diffusion anneal. Alternatively, transistor 20 may be
formed into substrate 22, absent a well region, for example as
shown in the example of FIGS. 1a and 15. Alternatively,
transistor 20 may be formed at the surface of a semiconductor
layer disposed over an insulating layer, according to conven-
tional silicon-on-insulator (SOI) technology, or in other simi-
lar substrate structures as known in the art. As will be evident
to the skilled reader having reference to this specification,
embodiments of this invention are applicable to both n-chan-
nel and p-channel MOS transistors.

[0030] Gate structure 28 of transistor 20 overlies a portion
of active region 23, and extends onto isolation dielectric
structures 25 on either end, as shown in FIGS. 2b and 2d. Gate
structure 28 in this embodiment of the invention may be
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formed of doped polycrystalline silicon material (n-type
doped for this example of an n-channel transistor), or a metal
or conductive metal compound, such as titanium, tungsten,
tantalum, titanium nitride, tantalum nitride, tungsten nitride,
or the like. Gate structure 28 overlies the surface of p-well 24,
with gate dielectric 27 disposed therebetween. Gate dielectric
27 consists of a thin layer of a dielectric material such as
silicon dioxide, silicon nitride, or a combination thereof;
alternatively, gate dielectric 27 may be a “high-k” material
such as HfO, or the like. Sidewall dielectric spacers 31 are
optionally disposed on the sides of gate structure 28, for this
example of transistor 20 having lightly-doped drain exten-
sions.

[0031] Source/drain regions 26 are heavily doped n-type
portions at the surface of p-well 24 in this embodiment of the
invention. In this example, source/drain regions 26 are
formed in a self-aligned manner relative to gate structure 28,
and in part relative to sidewall spacers 31. As shown in FIG.
2b, contact openings 29 are located at source/drain regions
26, and at gate structure 28 (specifically at locations overlying
isolation dielectric structures 25), by way of which overlying
conductors (not shown) may contact these terminals of tran-
sistor 20 through overlying interlevel dielectric material (not
shown).

[0032] The cross-sectional view of FIG. 2¢ illustrates the
construction of transistor 20 transverse to the portion of gate
structure 28. As evident from FIG. 2¢, source/drain regions 26
are n-type doped regions extending from the surface of the
structure into p-well 24. In this example, transistor 20 is of the
lightly-doped drain type, in that the junction profiles of
source/drain regions 26 adjacent to the edges of gate structure
28 are defined by sidewall spacers 31. As is well-known in the
art, source/drain regions 26 are formed by a first ion implant
process performed after definition of gate structure 28, fol-
lowed by a second implant after formation of sidewall spacers
31. The first implant is generally of lower dose than the
second implant, forming junctions with a graded profile
between source/drain regions 26 and p-well 24 at the edges of
gate structure 26.

[0033] Under the appropriate bias conditions, transistor 20
conducts current between opposing source/drain regions 26
in the direction indicated by arrow CH of FIG. 2¢, in response
to a gate-to-source voltage applied to gate structure 28 that
exceeds the threshold voltage of transistor 20. As such the
width of gate structure 28 between source/drain regions 26
defines the transistor channel length, and the length of active
region 23 underlying gate structure 28, in a direction perpen-
dicular to the direction of conduction (CH), defines the tran-
sistor channel width. The current drive of transistor 20 in its
on-state is proportional to the ratio of channel width to chan-
nel length, as fundamental in the art.

[0034] In the embodiment of the invention illustrated in
FIG. 25, gate structure 28 has a shape that reduces undesirable
subthreshold conduction along the interface between isola-
tion dielectric structures 25 and the channel region underly-
ing gate structure 28. In this embodiment of the invention,
gate structure 28 has central portion 28C that overlies active
region 23, and is contiguous with end portions 28E disposed
at opposite ends of central portion 28C. Central portion 28C
has a width GW in a direction parallel to the source/drain
conduction channel (arrow CH) of transistor 20, and a length
GL in a direction perpendicular to the conduction channel.
End portions 28E each have a width that is significantly
greater than width GW of central portion 28C. In the example
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shown in FIG. 24, the width of each end portion 28E extends
fully to overlap vertical edges E_V of active region 23, on
opposite sides of source/drain regions 26 from central portion
28C (i.e., vertical edges E_V running substantially parallel to
the length of central portion 28C). Alternatively, end portions
28E need not be so wide as to reach vertical edges E_V,
however end portions 28E should be significantly wider than
gate width GW, for example by at least about 50% of gate
width GW on each side of the central portion 28C, to signifi-
cantly lengthen the current path along interface IF as
described below. Transistor 20" according to an example of
this alternative construction is illustrated in FIG. 2e, includ-
ing end portions 28F having a width greater than 50% of gate
width GW on each side of central portion 28C, but not extend-
ing to the far edges of active region 23 as in FIG. 25.

[0035] According to embodiments of the invention, as
shown in both of FIGS. 25 and 2e, end portions 28E each
overlap a corresponding one of horizontal edges E_H (i.e.,
horizontal edges E_H extending substantially perpendicular
to the length of central portion 28C), at interface IF between
isolation dielectric structures 25 and active region 23, by a
distance OV. FIG. 2d illustrates overlap OV of end portion 28E
of gate structure 28 by way of a cross-sectional view taken in
a direction perpendicular to the cross-section of FIG. 2¢. As
evident from FIG. 2d, overlap 0V of end portion 28E extends
over the surface of p-well 24. The p-type surface of p-well 24
underlies end portion 28E (due to the subsequent self-aligned
formation of source/drain regions 26 relative to gate structure
28), with gate dielectric 27 therebetween, as in the channel
cross-section of FIG. 15. Self-aligned source/drain region 26
begins at the edge of end portion 28E within active region 23,
as shown.

[0036] As mentioned above and as fundamental in the art,
the on-state current drive of a MOS transistor is generally
proportional to the ratio W/L. of channel width to channel
length. Referring to the plan view of FIG. 25, the channel
width of transistor 20 is determined essentially by gate length
GL of central portion 28C, with its channel length determined
by gate width GW of this central portion 28C. While some
finite amount of on-state current may conduct between
source/drain regions 26 at the inverted surface of p-well 24
underlying end portions 28E, such conduction would be mini-
mal considering that this conduction path (i.e., longer channel
length) would be much longer and also much narrower (i.e.,
smaller channel width) than the channel underlying central
portion 28C of gate structure 28. According to embodiments
of this invention, it is contemplated that overlap 0V of gate
structure 28 onto active region 23 (i.e., the surface of well 24)
will be at least about 50% of gate width GW, which will
significantly lengthen any conduction path for current con-
ducted along interface IF between active region 23 and iso-
lation dielectric structure 25. It is therefore contemplated that
on-state conduction under end portions 28E would generally
be so small as to be insignificant.

[0037] Inthe subthreshold bias regime (i.e., gate-to-source
voltage below the threshold voltage), overlap OV of gate
structure 28 onto active region 23 serves to reduce subthresh-
old conduction along interfaces IF, according to embodi-
ments of the invention. As discussed above in connection with
FIGS. 1a and 15, subthreshold conduction is facilitated at
interface IF between active region 23 and isolation dielectric
structure 25 due to thinning of gate dielectric 37, the wrap-
around effect of gate structure 28 into the recess at interface
IF, and because of an increased density of charge trapping
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sites at interface IF. According to embodiments of the inven-
tion, however, the location of interface IF is moved away from
the primary channel of minimum channel length, by virtue of
overlap OV of end portions 28E. As a result, the path for
subthreshold conduction along interface IF is much longer
than the channel length defined by gate width GW of central
portion 28C. Charge conducted along interface IF must travel
the distance OV under subthreshold bias from one source/
drain region 26 to reach interface IF, and again travel the
distance 0V under subthreshold bias from interface IF to the
opposite source/drain region. FIG. 2¢ illustrates an example
of distributed conduction path P via interface IF. Accordingly,
notonly is this conduction path P substantially longer than the
minimum channel length distance of conventional transistors,
but this subthreshold conduction must also occur through two
semiconductor portions away from interface IF. For both
reasons, it is contemplated that subthreshold conduction and
INWE threshold voltage degradation will be reduced to an
insignificant level in transistors constructed according to
embodiments of the invention, as compared with that of con-
ventional transistors as described above relative to FIGS. 1a
and 1b.

[0038] In addition, because subthreshold conduction at the
isolation-to-active interface is significantly reduced accord-
ing to embodiments of this invention, conduction along that
interface no longer dominates the overall subthreshold con-
duction of the transistor. The subthreshold characteristics of
the transistor as a whole are thus responsive to the application
of'back bias, enabling back bias to minimize the overall level
of off-state leakage and minimize flicker noise at low gate-
to-source voltages.

[0039] As discussed above relative to FIGS. 1a and 15,
conventional MOS transistors that are vulnerable to sub-
threshold conduction along the isolation-to-active interface
exhibit a large variance in that conduction, leading to poor
device matching. This variance is due to the significant ran-
domness of the density and distribution of charge trapping
sites, which largely determines the conduction level. The
reduction in the level of subthreshold conduction provided by
embodiments of this invention therefore results in a much
smaller variance in this conduction over a population of tran-
sistors, reducing the mismatch in off-state behavior within a
given integrated circuit.

[0040] These important benefits are attained, in embodi-
ments of this invention, while avoiding the difficulties pre-
sented by conventional approaches to the problem of sub-
threshold conduction at the isolation-to-active interface. As
discussed above, one conventional approach uses a thicker
gate dielectric “fence” at the isolation-to-active interface to
reduce this conduction. But the processes required to form
gate dielectric layers of differing thicknesses is necessarily
complex and costly; in contrast, no differing gate dielectric
thicknesses are necessary according to embodiments of this
invention, which require only changes in photomask patterns.
Furthermore, the subthreshold conduction characteristics of
transistors formed according to embodiments of this inven-
tion are more tightly controllable than such characteristics of
the conventional devices with the thicker gate dielectric
fence. This improved controllability results from the inher-
ently tighter control of the patterning of the overlapping gate
structure edge, according to embodiments of this invention,
as compared with the increased variability of the edges of
thicker gate dielectric regions, especially for active regions of
decreasing area. This improved precision at the gate level is
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attained from the availability of plasma etch for the gate
material, as opposed to the process variation involved in the
wet etches required for definition of the thicker gate dielectric
fence edges.

[0041] Transistors constructed according to embodiments
of this invention also avoid the limitations of conventional
“ring-FET” structures. More specifically, the chip area
required for transistors according to this invention is much
smaller than that required for ring-FET transistors of equiva-
lent drive capability (W/L). In addition, the shape and orien-
tation of the gate structures according to this invention avoid
the complex geometry of the gate structure of a ring-FET,
such as that shown in FIG. 1 ¢. Ring-FET transistors are also
more complex and difficult to model, scale, and implement in
parameterized cells (“p-cells™); these complexities and diffi-
culties are avoided according to embodiments of this inven-
tion. In contrast, according to embodiments of this invention,
transistor gate structures can be constrained to be generally
orthogonal (i.e., “north-south” or “east-west” in the layout)
and rectangular, for which current conduction may be readily
modeled by compact computer models that are scalable and
that therefore provide a great deal of flexibility to the design
process.

[0042] Referring back to FIG. 24, the length and width of
the on-state conduction channel of transistor 20 is essentially
defined by gate width GW and gate length GL of central
portion 28C of gate structure 28. This differs from conven-
tional MOS transistors, such as that shown in FIG. 1a, in
which the channel width is defined by the distance between
opposing edges of the active region (i.e., the interfaces at
isolation dielectric structures 5). For a given size of active
region 23, therefore, overlap OV at opposing edges of active
region 23 will effectively reduce the transistor channel width.
To maintain the same channel width as a conventional tran-
sistor, therefore, the size of active region 23 will need to be
increased, such that the interior edges of gate structure 28 at
overlaps OV will essentially correspond to the location of
interfaces IF of a conventional MOS transistor. This differ-
ence in layout may result in a chip area “penalty” relative to a
conventional MOS transistor, but as mentioned above, this
penalty will be much less than that involved in a ring-FET
construction, and will be more uniform and matched over a
population of transistors than that involved in a thicker gate
dielectric “fence” construction.

[0043] As evident from FIG. 1a, transistor 20 includes
single central portion 28C that defines its channel width and
channel length. Embodiments of this invention may be
readily implemented into MOS transistors with larger chan-
nel widths, by providing multiple parallel central portions.
FIG. 3 illustrates, in plan view, transistor 20W that includes
gate structure 28' with four such central portions to define a
significantly larger channel width, according to embodiments
of the invention. Similarly as in the case of transistor 20 of
FIG. 2b, gate structure 28' includes end portions that each
overlap onto active region 23 (i.e., source/drain regions 26
and the surface of p-well 26 underlying gate structure 28) by
overlap OV. Viewed in cross-section, the construction of tran-
sistor 20W is essentially identical to that shown in FIGS. 2¢
and 2d discussed above. Contact locations 29 to source/drain
regions 26 and gate structure 28' are shown in FIG. 3, indi-
cating the locations at which overlying metal conductors will
make physical contact. Source/drain regions 26 will alternate
between source and drain bias, thus defining transistor 20W
as having a channel width four times that of transistor 20,
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resulting in four times the drive current capability relative to
transistor 20, assuming otherwise equivalent device dimen-
sions between the two. By virtue of overlap OV of gate struc-
ture 28' onto active region 23, transistor 20W enjoys similar
benefits in reduced subthreshold conduction, response to
back bias, and improved device matching, as described above
relative to transistor 20 of FIG. 2b.

[0044] Referring now to FIG. 4, a generalized process flow
for the manufacture of an integrated circuit including transis-
tors of the type described above relative to FIGS. 2a through
2d and 3, according to embodiments of this invention, will
now be described. As will be evident to those skilled in the art
having reference to this specification, alternative and addi-
tional processes, or both, may be incorporated into the par-
ticular process flow used to construct transistors according to
this invention, without departing from the true scope of this
invention. It is therefore to be understood that this description
is provided by way of example only, with that example pro-
vided in a generalized manner.

[0045] It is to be further understood that transistors con-
structed according to embodiments of this invention may be
either or both n-channel MOS and p-channel MOS devices, as
desired for the particular circuit implementation and manu-
facturing technology. N-channel MOS transistors 20, 20W
are shown and described herein by way of example only.
Particular structures and layers referred to in this description
correspond to those described above in connection with
FIGS. 2a through 24 and 3.

[0046] The portion of the manufacturing flow shown in
FIG. 4 begins with process 40, in which either or both of
n-wells and p-wells (e.g., p-well 24) are formed at selected
locations of substrate 22 in the conventional manner. As
known in the art, n-type and p-type wells are each formed by
way of photolithographic definition of the locations of the
surface of substrate 22 at which the wells are to be located,
followed by a masked ion implantation and activation anneal.
[0047] The reduction in subthreshold conduction at the iso-
lation-to-active interface attained according to embodiments
of the invention, enables isolation dielectric structures 25 to
be of the shallow trench isolation (STI) type. Formation of
STl isolation dielectric structures 25 begins with the deposi-
tion, pattern, and etch of'an isolation stack, in process 40. This
isolation stack, for example comprising an oxide pad over
which silicon nitride is deposited, protects the eventual active
regions of the surface of substrate 22. Process 40 also includes
the patterning and etching of this isolation stack, to define the
locations at the surface of substrate 22 at which isolation
dielectric structures 25 are to be formed. In recess etch pro-
cess 42, recesses of a desired depth are etched into the surface
of substrate 22 at locations that are not protected by the
remaining isolation stack (the protected locations becoming
active regions 23 of the integrated circuit, e.g., as shown in
FIG. 2a). In process 43, the exposed silicon in the etched
recesses is oxidized to form a liner oxide film, followed by
chemical vapor deposition of silicon dioxide or another
dielectric material into the lined recesses. Typically the
dielectric deposition overfills the etched recesses, and as
such, chemical-mechanical planarization of the structure is
performed in process 44, in the conventional manner, to
remove oxide from over active regions 23 and to planarize the
surface of the deposited dielectric in the recesses with the
surface of the adjacent active regions 23; a nitride strip may be
performed to remove the remaining nitride component of the
isolation stack. Ion implantation to form p-well regions 24
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(and n-wells if desired), and to adjust the threshold voltage of
the eventual transistors (either or both of the n-channel and
p-channel devices) is performed at this stage of manufacture
in process 45, in the conventional manner.

[0048] In process 46, gate dielectric film 37 is then formed
overall, either by thermal oxidation followed by optional
nitridation or by chemical vapor deposition, depending on the
desired material and properties of the transistor gate dielec-
tric. Embodiments of this invention are also suitable for use
with high-k dielectric materials, such as hafnium oxide. In
any case, as described above, embodiments of this invention
enable the formation of gate dielectric film 37 to a single
thickness, with no need to form a thicker “fence” dielectric at
the isolation-to-active interfaces IF of transistors in the inte-
grated circuit.

[0049] According to embodiments of this invention, gate
structures 28 are formed and defined at the desired locations
of transistors 20, in process 48. For the example of a polysili-
con gate structure, process 48 includes the deposition of
polycrystalline silicon overall, followed by conventional pho-
tolithography and polysilicon etch. The photolithography of
gate structures 28 may be performed in the conventional
manner by the dispensing of photoresist overall, followed by
conventional photolithographic patterning and developing,
leaving photoresist mask elements at those locations of the
polysilicon layer corresponding to gate structures 28.
According to embodiments of this invention, as described
above, this patterning of the gate material is performed using
a photomask or reticle so as to define gate structures 28
having the desired shape and dimensions. More specifically,
the gate structures defined by the patterning of process 48
have one or more central portions defining the transistor chan-
nel region, each contiguous with end portions that have over-
lap OV onto active regions 23 in the manner described above
relative to FIGS. 2a through 2d and 3. The particulars of the
distances of overlaps OV may depend on the particular tran-
sistors to be formed, including the circuit and physical loca-
tions of those devices within the integrated circuit. Process 48
completes definition of gate structures 28 by way of an etch of
the polysilicon layer as protected by the patterned photoresist.
As mentioned above, the etch of process 48 is preferably a
plasma etch, for best precision.

[0050] Alternatively, gate structures 28 may be formed of'a
metal or metal compound, or of a composite of multiple
material layers, as known in the art.

[0051] Transistors 20 are usually formed with lightly-
doped drain extensions, as shown in FIGS. 2¢ and 2d. In
process 50, drain extensions are formed by a shallow ion
implant of opposite conductivity type as the underlying active
region. These drain extensions are self-aligned with gate
structure 28; an L.DD spacer may be formed along the side-
walls to set back the drain extensions from the sides of the
gate, if desired. Also in process 50, a “halo” implant may also
be performed, typically as an angled implant of dopant of the
same conductivity type as the channel region so as to reach
under the edges of gate structure 28 and to establish the
desired dopant profile. Sidewall dielectric spacers 31 are then
formed in process 51 in the conventional manner, by deposi-
tion of the desired dielectric material (e.g., silicon nitride)
overall, followed by an anisotropic etch to remove the dielec-
tric material from flat surfaces, leaving sidewall spacers 31 on
the side walls of gate structure 28. Of course, transistors 20
may be formed without such lightly-doped drain extensions,
in which case processes 50, 51 will be omitted.
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[0052] In either case (i.e., including or not including spac-
ers 31 and the drain extension implant), source/drain ion
implant is performed in process 52 at the desired dose and
energy to define the dopant concentration in source/drain
regions 26 of transistor 20. Gate structure 28, if formed of
polysilicon, may also be doped by the source/drain implant,
to ensure proper transistor operation and good conductivity.
Process 58 also typically includes the desired activation
anneal of the implanted species to the desired junction depth
and concentration profile.
[0053] If the integrated circuit is a CMOS integrated cir-
cuit, source/drain implant and anneal process 52 (and, per-
haps, optional process 50) will have been performed for tran-
sistors 20 of one channel conductivity type, with the locations
of transistors 20 of the other channel conductivity type being
masked from those processes. In this case, processes 50, 52
would then be repeated to form transistors of the other chan-
nel conductivity type, with the appropriate masking of those
transistors 20 formed in the first pass of these processes.
[0054] Asknown in the art, optional silicidation process 54
may now be performed, to clad source/drain regions 26 and
gate structures 28 with a metal silicide, for improved conduc-
tivity. Optional process 54 includes the deposition of a metal
with which the silicide is to be formed, for example titanium,
tungsten, tantalum, cobalt, nickel, platinum, and the like.
After deposition of the metal layer, the structure is subjected
to a high temperature anneal, also as part of process 54, to
cause the deposited metal to react with such silicon material
with which it is in contact, to form a metal silicide compound
that clads the underlying structure.
[0055] An interlevel dielectric layer is then deposited over-
all in the conventional manner, in process 56. The integrated
circuit is then completed, beginning with process 58 that
includes the definition and etch of contacts and vias to under-
lying structures, followed by the deposition and patterning of
the appropriate overlying metal conductors. Processes 56, 58
are repeated according to the number of conductor levels to be
formed in the integrated circuit.
[0056] According to embodiments of this invention, there-
fore, the manufacturing process flow required to realize inte-
grated circuits according to embodiments of this invention are
fully compatible with conventional and existing state-of-the-
art integrated circuit manufacturing process flows. No addi-
tional processing cost is necessarily invoked by implementa-
tion of embodiments of this invention, as no additional
processes are necessary to reduce MOS subthreshold conduc-
tion according to embodiments of this invention.
[0057] While this invention has been described according
to its embodiments, it is of course contemplated that modifi-
cations of, and alternatives to, these embodiments, such
modifications and alternatives obtaining the advantages and
benefits of this invention, will be apparent to those of ordinary
skill in the art having reference to this specification and its
drawings. It is contemplated that such modifications and
alternatives are within the scope of this invention as subse-
quently claimed herein.
What is claimed is:
1. A metal-oxide-semiconductor (MOS) transistor struc-
ture comprising:
one or more isolation dielectric structures disposed at
selected locations of'a semiconducting surface of a body,
the isolation dielectric structures defining a substantially
rectangular active region of the surface adjacent thereto,
the active region having first and second parallel edges
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extending in a first direction, and third and fourth paral-
lel edges extending in a second direction perpendicular
to the first direction;

a gate dielectric layer disposed over at least a portion of the

active region; and

a gate structure disposed over a portion of the gate dielec-

tric layer at the active region, the gate structure extend-
ing onto isolation dielectric structures adjacent to the
active region, and the gate structure comprising:
a central portion disposed over the active region and
extending in the second direction; and
first and second end portions contiguous with the central
portion, each end portion disposed upon an isolation
dielectric structure adjacent to the active region, the
first and second end portions overlapping the first and
second edges, respectively, of the active region;
source and drain regions of the active region disposed on
opposite sides of the central portion, each doped to an
opposite conductivity type from a portion of a channel
region of the active region underlying the gate structure;
wherein each of the contiguous first and second end por-
tions also overlap the third and fourth edges of the active
region.

2. The transistor structure of claim 1, wherein the gate
structure includes a plurality of parallel central portions dis-
posed over the active region;

wherein the first end portion is contiguous with the plural-

ity of central portions at one end, and the second end
portion is contiguous with the plurality of central por-
tions at the other end;

and wherein the plurality of central portions and the first

and second end portions are formed of a single contigu-
ous structure.

3. The transistor structure of claim 1, wherein the gate
structure comprises polycrystalline silicon.

4. The transistor structure of claim 1, wherein the gate
structure comprises a material selected from the group con-
sisting of a metal and a conductive metal compound.

5. The transistor structure of claim 1, wherein the isolation
dielectric structures have upper surfaces substantially copla-
nar with the surface at the active region.

6. The transistor structure of claim 1, wherein the central
portion of the gate structure has a width in the first direction;

and wherein the first and second end portions overlap the

first and second edges of the active region, respectively,
to extend onto the active region by at least about 50% of
the width of the central portion.

7. A method of fabricating an integrated circuit comprising
at least one metal-oxide semiconductor (MOS) transistor,
comprising the steps of:

forming isolation dielectric structures at selected locations

of a semiconducting surface of a body, the isolation
dielectric structures defining a substantially rectangular
active region of a first conductivity type at the surface,
the active region having first and second parallel edges
extending in a first direction, and third and fourth paral-
lel edges extending in a second direction perpendicular
to the first direction;

forming a gate dielectric layer at the surface of the active

region;

depositing a gate material over the gate dielectric layer;

removing selected portions of the deposited gate material

to define a gate structure overlying a portion ofthe active
region, the gate structure comprising:
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a central portion extending over the active region in the
second direction; and

first and second end portions at opposite ends of the first
portion, each end portion disposed upon an isolation
dielectric structure adjacent to the active region, the
first and second end portions overlapping the first and
second edges, respectively, of the active region; and

doping, to a second conductivity type, locations of the

active region on opposite sides of the central portion of
the gate structure to form source/drain regions;

and wherein the first and second end portions of the gate

structure each also overlap the third and fourth edges of

the active region.

8. The method of claim 7, wherein the gate structure
includes a plurality of parallel central portions;

and wherein the removing step defines the gate structure as

a single contiguous structure, so that the first end portion

is contiguous with the plurality of central portions at one

end, and the second end portion is contiguous with the
plurality of central portions at the other end.

9. The method of claim 7, wherein the gate structure com-
prises one or more materials selected from the group consist-
ing of polycrystalline silicon, a metal, and a conductive metal
compound.

10. The method of claim 7, wherein the step of forming the
isolation dielectric structures comprises:

etching recesses into the surface at the selected locations;

depositing a dielectric material overall;

planarizing the dielectric material to expose the active

region and form the isolation dielectric structures as the

dielectric material remaining in the recesses.

11. A metal-oxide-semiconductor (MOS) transistor struc-
ture comprising:

one or more isolation dielectric structures disposed at

selected locations of'a semiconducting surface of a body,

the isolation dielectric structures defining an active
region of the surface adjacent thereto;

a gate dielectric layer disposed over at least a portion of the

active region; and

a gate structure disposed over the gate dielectric layer at the

active region between source/drain regions of the active
region, the source/drain regions doped to an opposite
conductivity type from the portion of the active region
underlying the gate structure, and the gate structure
comprising:

a central portion disposed over the active region and
having a width in a first direction parallel to the direc-
tion of current flow between the source/drain regions;
and

first and second end portions contiguous with the central
portion, each of the first and second end portions
having a width, in the first direction and on each side
of'the central portion, that is greater than the width of
the central portion by at least about 50% of the width
of'the central portion, and each of the first and second
end portions disposed upon an isolation dielectric
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structure adjacent to the active region and overlapping
onto the active region by at least about 50% of the
width of the central portion.
12. The transistor structure of claim 11, wherein the gate
structure comprises polycrystalline silicon.
13. The transistor structure of claim 11, wherein the gate
structure comprises a material selected from the group con-
sisting of a metal and a conductive metal compound.
14. The transistor structure of claim 11, wherein the isola-
tion dielectric structures have upper surfaces substantially
coplanar with the surface at the active region.
15. A method of fabricating an integrated circuit compris-
ing at least one metal-oxide semiconductor (MOS) transistor,
comprising the steps of:
forming isolation dielectric structures at selected locations
of a semiconducting surface of a body, the isolation
dielectric structures defining an active region of a first
conductivity type at locations where not present;

forming a gate dielectric layer at the surface of the active
region;
depositing a gate material over the gate dielectric layer;
removing selected portions of the deposited gate material
to define a gate structure overlying a portion ofthe active
region, the gate structure comprising:
a central portion extending over the active region; and
first and second end portions at opposite ends of the first
portion, each end portion disposed upon an isolation
dielectric structure adjacent to the active region and
overlapping onto the active region; and
doping, to a second conductivity type, locations of the
active region on opposite sides of the central portion of
the gate structure to form source/drain regions;

wherein the central portion of the gate structure has a width
in a first direction parallel to a direction of current con-
duction between the source/drain regions;

wherein the first and second end portions each have a

width, in the first direction and on each side ofthe central
portion, that is greater than the width of the central
portion by at least about 50% of the width of the central
portion;

and wherein the first and second end portions each overlap

onto the active region by at least about 50% of the width
of the central portion.

16. The method of claim 15, wherein the gate structure
comprises one or more materials selected from the group
consisting of polycrystalline silicon, a metal, and a conduc-
tive metal compound.

17. The method of claim 15, wherein the step of forming
the isolation dielectric structures comprises:

etching recesses into the surface at the selected locations;

depositing a dielectric material overall;

planarizing the dielectric material to expose the active

region and form the isolation dielectric structures as the
dielectric material remaining in the recesses.
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