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SELF-ALIGNED GATE ISOLATION
BACKGROUND

Background of the Invention

[0001] Increasingly complex electronic systems require
increasingly denser structures of active devices such as
transistors. For example, memory cells, such as SRAM cells,
are becoming smaller. It is becoming more difficult to further
reduce the size of transistors to continue shrinking SRAM
cells.

[0002] FIG. 1ais atop view of a SRAM cell 10 during its
fabrication. There are multiple diffusions 14 on a substrate
12. These diffusions 14 will become parts of transistors.
There is an alignment mark 18 on the substrate 12. This
alignment mark allows a fabrication system to align the
substrate 12 to pattern additional features and structures on
the substrate 12. However, such an alignment method is not
perfect; there is a margin of alignment error. There is a
distance between diffusions, for example distance 20
between diffusions 14A and 14D. This distance 20 is larger
than it would be were there no alignment errors in the
alignment system, which results in a SRAM cell being larger
than it would be absent alignment errors.

[0003] FIG. 15 is a top view of the cell 10 after formation
of gates 16 on the diffusions 14. Each gate 16 has a width
26. For the transistor shown in FIG. 15 to function, there
must be a polysilicon gate 16A that extends past the diffu-
sion 14A for a minimum distance 21. This distance of the
gate 16A extending beyond the diffusion 14A is referred to
as the endcap. Because of alignment errors, the end of gate
16A may be anywhere in the location range 22, not just to
the minimum distance 21, the endcap may extend signifi-
cantly further than distance 21. Another consideration for
poly endcap is the lithography capabilities in defining the
lines and shapes near the poly end. The end of the endcap
may be rounded instead of squared. Such rounded endcaps
may require even longer poly endcaps. Thus, the alignment
error and poly end patterning limitation, combined with
minimum distance 21 means that significant extra space
must be left for the end cap.

[0004] The distance 24 between gates 16A and 16B is
greater than or equal to the minimum resolution of the
lithography system used to make the gate 16A and 16B.
Thus, combining the extra space needed by the minimum
poly end distance 21, the possible alignment error, poly end
patterning limitation, and the distance 24 between gates 16A
and 16B can result in a lower limit to the size of an SRAM
cell 10.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1a is a top view of a SRAM cell during its
fabrication.

[0006] FIG. 15 is a top view of the cell after formation of
gates on the diffusions.

[0007] FIG. 2 is a top view that illustrates a portion of a
circuit that includes transistors with gates self-aligned to
isolation structures that insulate the gates from each other.

[0008] FIG. 3 is a top view of the circuit that illustrates
additional structures that may be present in some embodi-
ments.
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[0009] FIG. 4 is a flow chart that provides an overview of
how a gate that is self-aligned to insulating isolation struc-
tures may be fabricated.

[0010] FIG. 5 is a cross-sectional side view that illustrates
the circuit in an early stage of its fabrication.

[0011] FIG. 6 is a cross-sectional side view that illustrates
the circuit after formation of the diffusions.

[0012] FIG. 7 is a cross-sectional side view that illustrates
the circuit after formation of a spacer layer on the diffusions.

[0013] FIG. 8 is a cross-sectional side view that illustrates
the circuit after the spacer layer has been etched to form
spacers.

[0014] FIG. 9 is a cross-sectional side view that illustrates
the circuit after removal of the remaining portions of the
hardmask layer.

[0015] FIG. 10 is a cross-sectional side view that illus-
trates the circuit after removal of the spacers and pad oxide
layer to expose the diffusions.

[0016] FIG. 11 is a cross-sectional side view that illus-
trates the circuit after deposition of polysilicon.

[0017] FIGS. 12a and 125 illustrate the circuit after depo-
sition and patterning of a second hardmask layer.

[0018] FIG. 13 is a cross-sectional side view that illus-
trates the circuit after removal of portions of the polysilicon.

[0019] FIGS. 14a, 145, and 14c illustrate the circuit after
the formation of spacers, implantation of dopants into the
exposed portions of the diffusions, and formation of silicide
areas.

[0020] FIGS. 15a-15d illustrate the circuit after a layer of
interlayer dielectric is deposited and planarized and the
remaining portions of the hardmask layer have been
removed.

[0021] FIGS. 16a and 16d illustrate the circuit after
removal of exposed portions of the insulating material.

[0022] FIGS. 17a-17d illustrate the circuit after removal
of polysilicon around the diffusions.

[0023] FIGS. 18a-18d illustrate the circuit after formation
of the gates and a second ILD layer and contacts.

[0024] FIG. 19 is a cross-sectional side view that illus-
trates the circuit at a stage in fabrication of planar transistors.

[0025] FIG. 20 is a cross-sectional side view that illus-
trates the circuit after removal of the remaining portions of
the hardmask layer.

[0026] FIG. 21 is a cross-sectional side view that illus-
trates the circuit after deposition of polysilicon.

[0027] FIG. 22 is a cross-sectional side view that illus-
trates the circuit after deposition and planarization of a first
gate material when making a transistor using a subtractive
method.

[0028] FIG. 23 is a cross-sectional side view that illus-
trates the circuit after deposition and patterning of a mask
layer.
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[0029] FIG. 24 is a cross-sectional side view that illus-
trates the circuit after removal of portions of the insulating
material.

[0030] FIG. 25 is a cross-sectional side view that illus-
trates the circuit after conductive material has been depos-
ited and planarized.

[0031] FIG. 26 is a block diagram that illustrates a system
in accordance with one embodiment of the present inven-
tion.

DETAILED DESCRIPTION

[0032] In various embodiments, an apparatus and method
relating to the formation of a device are described. In the
following description, various embodiments will be
described. However, one skilled in the relevant art will
recognize that the various embodiments may be practiced
without one or more of the specific details, or with other
replacement and/or additional methods, materials, or com-
ponents. In other instances, well-known structures, materi-
als, or operations are not shown or described in detail to
avoid obscuring aspects of various embodiments of the
invention. Similarly, for purposes of explanation, specific
numbers, materials, and configurations are set forth in order
to provide a thorough understanding of the invention. Nev-
ertheless, the invention may be practiced without specific
details. Furthermore, it is understood that the various
embodiments shown in the figures are illustrative represen-
tations and are not necessarily drawn to scale.

[0033] Reference throughout this specification to “one
embodiment” or “an embodiment” means that a particular
feature, structure, material, or characteristic described in
connection with the embodiment is included in at least one
embodiment of the invention, but do not denote that they are
present in every embodiment. Thus, the appearances of the
phrases “in one embodiment” or “in an embodiment” in
various places throughout this specification are not neces-
sarily referring to the same embodiment of the invention.
Furthermore, the particular features, structures, materials, or
characteristics may be combined in any suitable manner in
one or more embodiments. Various additional layers and/or
structures may be included and/or described features may be
omitted in other embodiments.

[0034] Various operations will be described as multiple
discrete operations in turn, in a manner that is most helpful
in understanding the invention. However, the order of
description should not be construed as to imply that these
operations are necessarily order dependent. In particular,
these operations need not be performed in the order of
presentation. Operations described may be performed in a
different order than the described embodiment. Various
additional operations may be performed and/or described
operations may be omitted in additional embodiments.

[0035] The exemplary embodiments of the present inven-
tion pertain to forming self-aligned gates on transistors. The
gates may be self-aligned to isolation structures insulating
gates from each other. By using a self-aligning method to
form gates, alignment errors of lithographic systems may be
avoided, and smaller SRAM or other circuits may be formed
without having to shrink transistor size.

[0036] FIG. 2 is a top view that illustrates a portion of a
circuit 100 that includes transistors with end caps of gates
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106 self-aligned to diffusions 104, according to one embodi-
ment of the present invention. The self-alignment of gates
106 to diffusions 104 may solve the problems related to the
poly endcap and end-to-end and allow SRAM cells to
become smaller. The self-alignment may be accomplished
by forming gate isolation structures 110 self-aligned to the
diffusion 104, and forming the gates 106 self-aligned to the
isolation structures 110. The transistors may be on a sub-
strate 102. The isolation structures 110 may have a width 112
that determines the distance between adjacent gates 106.
Because in some embodiments it is the width 112 of the
isolation structures 110 that define the distance between
gates 106, the placement of the gates 106 may not be
dependent on the accuracy of a lithography system or the
resolution limit (critical dimension) of the lithography sys-
tem, and the distance 114 between diftfusions 104 and gates
106 may be smaller than if the placement of gates 106 were
dependent on the alignment and minimum resolution of a
lithography system, and had to take alignment errors and
critical dimensions into account. Additionally, the gates 106
may have an endcap width 115 that may be defined by the
self-aligning process. As pictured in FIG. 2, the diffusions
104 have a major axis in the Y direction and a minor axis in
the X direction; the gates 106 have a length in the Y direction
and a width in the X direction.

[0037] In addition to diffusions 104 and gates 106, the
circuit 100 may include spacers 108 on either side of the
gates 106. The embodiment of the circuit 100 shown in FIG.
2 includes five diffusions 104A-104E, although some diffu-
sions (104A and 104E) are dummy diffusions. Dummy
diffusions 104 are diffusions 104 on which active transistors
are not formed, but may instead be used to make contacts to
gates 106 of active transistors, aid in aligning and/or sepa-
rating adjacent active transistors from each other, or other
uses. In some embodiments, the dummy diffusions may add
parasitic capacitances to active gates. The parasitic capaci-
tance can be reduced significantly by prevention of ion
implantation into the dummy diffusions. For some circuits,
such as a memory cell, the additional capacitances are
negligible compared to those of bit lines or word lines, and
thus may be ignored. In some embodiments, the parasitic
capacitance may be eliminated by using lithographically
defined isolations, such as isolation 110A, instead and
omitting the dummy diffusions. The embodiment of the
circuit 100 shown in FIG. 2 includes two gates, 106A and
106B. The width of the gates 106 may be defined by the
placement of the isolation structures 110, as will be
described in more detail below. For example, the width 116
of gate 106B is defined by the placement of isolation
structures 110B and 110C on either side of that gate 106B.
The length of gates 106 (the distance between the spacers
108 in FIG. 2) may be defined by lithography. Lines A-A,
B-B, C-C, and D-D illustrate the locations through which
cross-sectional views described below are taken.

[0038] FIG. 3 is a top view of the circuit 100 that illus-
trates additional structures that may be present in some
embodiments of the present invention, to provide more
clarity on the functional details of a transistor of the circuit
100. For example, a first transistor may include diffusion
104B, gate 106A with a width defined by the distance
between isolation structures 110A and 110B, and spacers
108 on either side of the gate 106 A. The first transistor may
also include contacts 118, 120. There may be a gate contact
118, which in this embodiment is illustrated as being elec-
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trically connected to the gate 106 A and located in a position
above dummy diffusion 104A. There may also be source and
drain contacts 120, located above diffusion 104B. In some
embodiments, placing the gate contact 118 over dummy
diffusion 104 A and source and drain contacts 120 over active
diffusions 104B (or vice versa) may prevent shorts between
the gate contact 118 and the source/drain contacts 120. In
other embodiments, all contacts 118, 120 may be over an
active diffusion 104B, over a dummy diffusion 104A, or
have other arrangements.

[0039] FIG. 4 is a flow chart 400 that provides a general
overview of how a gate 106 that is self-aligned to diffusions
104, such as gate 106 A self-aligned to diffusion structures
104 of FIGS. 2 and 3, may be fabricated according to one
embodiment of the present invention. Diffusions 104 may be
formed 402 on a substrate 102. Spacer layers 806 may be
formed 404 on the diffusions. Insulating isolations structures
110 may be formed 406 between the diffusions at positions
determined by the spacer layers 806. Then gates 106 may be
formed 408. The distance between insulating isolation struc-
tures 110 may determine the width of gates 106. As the
insulating isolation structures are self-aligned to the diffu-
sions 104, the gates 106 are thus self-aligned to the diffu-
sions 104, which may aid in keeping the size of the circuit
100 small. While FIG. 4 is very general and omits many
steps and processes used to form the self-aligned gate 106,
fabrication of such self-aligned gates 106 is described below
in more detail, using selected embodiments as specific
examples. Other embodiments may use different processes
and materials to form a self-aligned gate 106.

[0040] FIG. 5 is a cross-sectional side view, taken through
line A-A of FIG. 2, that illustrates the circuit 100 in an early
stage of its fabrication, according to one embodiment of the
present invention. In the embodiment illustrated in FIG. 5,
the substrate 102 is a silicon-on-insulator (SOI) substrate,
and includes a buried oxide layer 502, a semiconductor layer
504, and a pad oxide layer 506, and a hard mask layer 508
and patterned photoresist segments 510 are on the substrate
102. In other embodiments, the substrate 102 may be a
different type of substrate, such as a bulk silicon wafer. The
photoresist segments 510 may be patterned to be used to
define the diffusions 104. The various layers of the substrate
102 and the hardmask layer 508 and photoresist may com-
prise any suitable material and be of any suitable thickness.
In an embodiment, the materials for the hardmask layer 508
and substrate 102 may be selected to allow etching that is
selective between these structures and other structures, some
of which may be formed subsequent to the hardmask layer
508. In an embodiment, the semiconductor layer 504 of the
substrate 102 may comprise single crystal silicon and the
hardmask layer 508 may comprise SiON on polysilicon. In
addition to or in place of some material combinations being
chosen for etch selectivity, some materials used in forming
the circuit 100 may be chosen to act as polish stops.

[0041] FIG. 6 is a cross-sectional side view, taken through
line A-A of FIG. 2, that illustrates the circuit 100 after
formation of the diffusions 104, according to one embodi-
ment. The patterned photoresist 510 and a suitable etching
method have been used to remove portions of the hardmask
layer 508, the pad oxide layer 506, and the semiconductor
layer 504. The remaining photoresist 510 may then have
been removed and the resulting structure cleaned. This may
have formed diffusions 104, each isolated from each other in
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embodiments where the substrate 102 is an SOI substrate. In
other embodiments, such as when the substrate 102 is a bulk
substrate, the formed diffusions 104 may not be isolated
from each other by the buried oxide layer 502 illustrated in
FIG. 6. As illustrated in the embodiment of FIG. 6, the
etching and/or cleaning process may have removed a portion
of the buried oxide layer 502 and may have undercut the
diffusions 104 to some extent, although in some other
embodiments such undercutting may be absent.

[0042] FIG. 7 is a cross-sectional side view, taken through
line A-A of FIG. 2, that illustrates the circuit 100 after
formation of a spacer layer 702 on the diffusions 104, pad
oxide layer 506, and hardmask 508, according to one
embodiment. The spacer layer 702 may comprise a silicon
oxide material in one embodiment, although in other
embodiments the spacer layer 702 may comprise other
materials or a combination of different materials such as
silicon oxide and silicon nitride. The material of the spacer
layer 702 may be selected to allow selective etches of the
hard mask layer 508, spacer layer 702, and isolations 110 at
various steps of formation of the circuit 100. For example,
on one embodiment, the semiconductor layer 504 may
comprise single crystal silicon, the mask layer 508 may
comprise of SiION on polysilicon, the spacer layer 702
material may comprise silicon oxide, and the isolations 110
may comprise silicon nitride. The thickness of the spacer
layer 702 may be chosen based on a desired width 112 of an
insulating isolation structure 110 (which may in turn be
chosen based upon a desired distance between gates 106)
and space required to add material around the diffusion 104
(see FIGS. 10 and 11 and their descriptions, below).

[0043] FIG. 8 is a cross-sectional side view, taken through
line A-A of FIG. 2, that illustrates the circuit 100 after the
spacer layer 702 has been etched to form spacers 806,
according to one embodiment. Portions of the spacer layer
702 may be removed (by etching, etc.) to form the spacers
806. The distance between two spacers 806 at the conclusion
of the removal operation may determine the width 112 of an
insulating isolation structure 110 formed between the two
spacers 806, according to one embodiment. A layer of an
insulating material 802 may then be deposited to substan-
tially fill the volumes between spacers 806. In an embodi-
ment, the insulating material 802 may comprise silicon
nitride, although other materials may be used in other
embodiments. The layer of insulating material 802 and other
material may then be planarized to form a substantially
planar surface of insulating material 802 portions, spacers
806, and the remaining portions of the hardmask 508. In one
embodiment, rather than etching away a portion of the
spacer layer 702 to form the spacers 806, the spacer layer
702 on top of hardmask 508 may be polished away during
the planarization of insulating materials 802 to form the
spacers 806. A layer of material of spacer layer 702 may
remain between insulating material 802 and buried oxide
502. Such a structure may be suitable for planar device
applications.

[0044] Portions of the insulating material 802 may be used
as the insulating isolation structures 110. The insulating
isolation structures 110 are thus self-aligned to the diffusions
104. As seen in FIG. 8, the width 112 of the insulating
isolation structure 110B may be defined by the distance
between two adjacent spacers 806. This width 112 may
define the distance between two adjacent gates 106, such as
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the distance 112 between adjacent gates 106A and 106B of
FIG. 2. Thus, in some embodiments the distance 112
between gates 106 may not depend on the lithography
alignment accuracy but rather be pre-defined by the distance
between diffusions 104 A and 104B, and the thickness of the
spacer layer 702.

[0045] FIG. 9 is a cross-sectional side view, taken through
line A-A of FIG. 2, that illustrates the circuit 100 after
removal of the remaining portions of the hardmask layer
508. In an embodiment, the material of the hardmask layer
508, the insulating material layer 802 and the spacer layer
702 may be chosen so that when the hardmask layer 508 is
removed, the other materials are relatively unaffected by the
removal process. As stated above, the materials for hard
mask layer 508, spacers 806, and isolations 110 may allow
for selective etches. In one embodiment, the semiconductor
layer 504 may comprise single crystal silicon, the mask layer
508 may comprise SiON on polysilicon (note that while
mask layer 508 is shown as one layer in the Figures, it may
comprise multiple layers of materials in some embodi-
ments), the spacer 806 may comprise silicon oxide, and the
insulating material 802 and isolations 110 may comprise
silicon nitride. The SiON portion of the mask layer 508 may
be thin enough so that the underlying polysilicon may be
exposed after the planarization of the insulator layer 802; the
SiON in such an embodiment is thin enough to be substan-
tially removed by the planarization process. The polysilicon
may then be removed by a wet etch selectively against the
silicon oxide spacer 806 and silicon nitride insulating layer
802, leaving the spacer 806 and insulating layer 802 in place.
The single crystal silicon 504 of some embodiments may be
protected by the silicon pad oxide layer 506 and spacer 806
in some embodiments. In other embodiments, different
material combinations may be used.

[0046] FIG. 10 is a cross-sectional side view, taken
through line A-A of FIG. 2, that illustrates the circuit 100
after removal of the spacers 806 and pad oxide layer 506 to
expose the diffusions 104, according to one embodiment. In
the illustrated embodiment, the transistors formed may be
tri-gate transistors, with a gate 106 on each of the three
exposed sides of the diffusion 104. In other embodiments,
other types of transistors may be formed. To form a tri-gate
transistor gate 106, the distance 1002 between the diffusion
104 and the insulating material 802 may be selected to be
large enough to deposit material therebetween. In some
embodiments, the distance 1002 may be determined by the
thickness of layer 702, which can be very precisely con-
trolled.

[0047] FIG. 11 is a cross-sectional side view, taken
through line A-A of FIG. 2, that illustrates the circuit 100
after the deposition and planarization of a first gate material
1102, according to one embodiment. The first gate material
1102 may be polysilicon, metal or other materials deposited
after the deposition of gate dielectric (not shown). In one
embodiment, the first gate material 1102 may be a placement
holder for replacement gate process where the first gate
material 1102 is removed and a final metal gate and gate
dielectric replace the place-holder first gate material 1102. In
another embodiment, the first gate material 1102 may be
used as the material of the gate in the final transistor. The
first gate material 1102 may be planarized to be substantially
coplanar with the top of the insulating material 802 and
insulating isolation structures 110, as illustrated in FIG. 11.
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The current self-aligned process is compatible with a CMOS
process using two different types of metal gates for the N-
and P-MOS devices. A practitioner of the art will be able to
incorporate the dual metal processes of CMOS with the
current self-aligned process.

[0048] FIG. 12a is a cross-sectional side view, taken
through line A-A of FIG. 2, that illustrates the circuit 100
after deposition and patterning of a second hardmask layer
1202, according to one embodiment. This hardmask layer
1202 may be patterned to expose portions of the insulating
material 802 and first gate material 1102 that is to be
removed. FIG. 1256 is a cross-sectional side view, taken
through line B-B of FIG. 2, that illustrates the circuit 100
after removal of hardmask layer 1202 and portions of the
insulating material 802 from regions of the circuit 100. As
seen in FIGS. 12a and 125 the hardmask layer 1202 may be
patterned to remain in place over the area in which gates 106
will be formed (FIG. 124), and removed elsewhere (FIG.
125). The insulating material 802 may then be removed from
areas not protected by the patterned hardmask layer 1202
using a suitable etching process. During the removal of
insulating material 802, the diffusion may be protected by
the first gate material 1102. In one embodiment, the insu-
lating material 802 may be silicon nitride and the first gate
material 1102 may be polysilicon, which can be etched with
very high selectivity against gate dielectric (not shown) to
complete the gate definition. As seen in FIG. 13, which is a
cross-sectional side view, taken through line B-B of FIG. 2,
first gate material 1102 may be removed from areas not
protected by the patterned hardmask layer 1202 using a
suitable etching process, which may stop at the gate dielec-
tric that may protect the diffusions 104.

[0049] FIG. 14a is a cross-sectional side view, taken
through line A-A of FIG. 2, that illustrates the circuit 100
after the formation of spacers 108, implantation of dopants
into the exposed portions of the diffusions 104, and forma-
tion of silicide areas, according to an embodiment. Some
embodiments of the current invention are compatible with
various CMOS processes. For example, transistor perfor-
mance enhancement techniques, such as the epitaxial growth
of silicon for forming raised source/drain structures or
strained silicon, can be applied prior to silicidation. As seen
in FIG. 14a, the hardmask layer 1202 may substantially
protect the areas in which gates 106 will be formed, although
the various processes used may thin the hardmask layer
1202. FIG. 145 is a cross-sectional side view, taken through
line B-B of FIG. 2, that illustrates the circuit 100 at the same
stage of fabrication as FIG. 14a. As seen in FIG. 1454, the
spacers 108 have been formed around the diffusions. The
spacers 108 can be formed around the gates as shown in FIG.
14¢, which is a cross-sectional side view taken through line
C-C of FIG. 2 at the same stage of fabrication as FIG. 14a.
As illustrated in FIG. 14c¢, a portion of the first gate material
1102 may remain on the diffusion 104 since the first gate
material 1102 may be protected by the hardmask layer 1202.
The spacers 108 may be on either side of the first gate
material 1102. In one embodiment, the hardmask layer 1202
may be removed by overetching spacer layer 108 or by
another process prior to silicidation, so that the gate can be
silicided as well. A silicided poly gate may utilize a sub-
tractive process for forming a gate as described below in
[0064]-0067].
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[0050] After silicidation, in one embodiment, nitride etch
stop may be deposited post spacer 108 formation. An ILD
layer may then be deposited and planarized for contact,
interconnect or replacement gate process. In one embodi-
ment the transistor is made by a replacement gate process as
further illustrated in FIGS. 15 through 18.

[0051] FIG. 15a is a cross-sectional side view, taken
through line A-A of FIG. 2, that illustrates the circuit 100
after a masking layer 1502 is patterned on a layer 1504 of
interlayer dielectric (ILD) that has been deposited and
planarized. In the embodiment illustrated in FIG. 15a the
remaining portions of the hardmask layer 1202 have been
removed. FIGS. 155, 15¢, and 154 are cross-sectional side
views that illustrate the circuit 100 at the same stage of
fabrication through lines B-B, C-C, and D-D of FIG. 2,
respectively. An ILD layer 1504 may be deposited and
planarized so the top of the ILD layer 1504 may be sub-
stantially planar with the top of the remaining insulating
material 802 and first gate material 1102. The remaining
hardmask layer 1202 may be removed during the planariza-
tion of ILD layer 1504.

[0052] A masking layer 1502 may be deposited and pat-
terned. In some embodiments, the masking layer 1502 may
comprise photoresist, while in other embodiments the mask-
ing layer 1502 may comprise a patterned oxide layer, and in
still other embodiments the masking layer may comprise
other materials. The patterned masking layer 1502 may
leave exposed some of the remaining portions of the insu-
lating material 802, while protecting portions of the insu-
lating material 802 that are the insulating isolation structures
10.

[0053] Openings in patterned mask layer 1502 may be
relatively large compared to the gate lengths, and relatively
large compared to the extent of the insulating material 802
to be removed. Such relatively large openings may compen-
sate for possible alignment errors. For example, FIG. 154
illustrates an embodiment where portions of the first gate
material 1102 are exposed by the opening in the patterned
mask layer 1502 on either side of the insulating material 802
to be removed; this may allow alignment errors to occur
while still exposing the insulating material 802 to be
removed.

[0054] FIG. 16a is a cross-sectional side view, taken
through line A-A of FIG. 2, that illustrates the circuit 100
after selective removal of exposed portions of the insulating
material 802, according to one embodiment. In an embodi-
ment, hot phosphoric acid may be used to selectively etch
away portions of the insulating material 802 (which may
comprise silicon nitride), leaving the mask layer 1502
(which may comprise silicon oxide), spacers 108 (which
may comprise carbon-doped silicon nitride), and the first
gate material 1102 (which may comprise polysilicon). In an
embodiment, the portions of the insulating material 802
remaining at this point may be the portions that are the
insulating isolation structures 110. The portions of the
insulating material 802 may be removed to allow formation
of interconnects among the gates 106 that will be formed. As
illustrated in FIG. 16d, which is a cross-sectional view
through lines D-D of FIG. 2, the spacers 108 may at least
partially define a volume within which the gate intercon-
nects may be formed. At this stage, cross sectional side
views through lines B-B and C-C of FIG. 2 may remain
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substantially unchanged from FIGS. 1556 and 15c¢, as the
masking layer 1502 may protect these areas.

[0055] FIG. 17a is a cross-sectional side view, taken
through line A-A of FIG. 2, that illustrates the circuit 100
after removal of first gate material 1102 around the diffu-
sions 104, according to one embodiment. FIGS. 175, 17¢,
and 17d are cross-sectional side views that illustrate the
circuit 100 at the same stage of fabrication through lines
B-B, C-C, and D-D of FIG. 2, respectively. In an embodi-
ment, the patterned masking layer 1502 may be first
removed, then an etch process selective to the polysilicon
1102 may be used to remove the polysilicon 1102. As
illustrated in FIG. 174, a volume within which the gates 106
may be formed has been defined. The widths of the gates 106
may be defined by the separation between adjacent insulat-
ing isolation structures 110, such as the width 116 being
defined by the separation between insulating isolation struc-
tures 110B and 110C. The distance between two adjacent
gates 106 may be defined by the width 112 of the insulating
isolation structures 110. The length of the gates 106 may be
defined by the distance 1702 between the two spacers 108.

[0056] FIG. 18a is a cross-sectional side view, taken
through line A-A of FIG. 2, that illustrates the circuit 100
after formation of the gates 106 and a second ILD layer 1804
and contacts 118, according to one embodiment. FIGS. 185,
18¢, and 184 are cross-sectional side views that illustrate the
circuit 100 at the same stage of fabrication through lines
B-B, C-C, and D-D of FIG. 2, respectively. Because a
volume in which the gates 106 may be formed may have
been pre-defined, the gates 106 may be self-aligned. This
self-aligned gate formation process may allow the diffusions
104 to be placed closer together than if alignment errors
need be taken into account for gate placement. The self-
alignment method may allow for a set desired endcap width
115 without the need for planning for a margin of error
provided by an alignment process. Rather, the width of the
endcap 115 may be determined by the width of spacers 806,
which may in turn be determined by the thickness of spacer
layer 702. Any suitable method may be used for depositing
the second gate material that forms the gates 106. After
deposition, the second gate material may be planarized to
have a top surface substantially level with the top surfaces
of the insulating isolation structures 110. The second ILD
layer 1804 may then be formed, and contacts 118 to the gates
106 and contacts 120 to the diffusions 104 formed through
the ILD layer 1804 or layers 1804 and 1504. Additional IL.D
layers, traces and vias may be formed to finish the circuit
100.

[0057] As shown in the embodiment illustrated in FIG.
184, the contact 118 to gate 106 A may be laid on top of a
dummy diffusion 104A and the contact 118 to gate 106B on
a dummy diffusion 104E. The contacts 118 may be offset
from active diffusions 104B, 104C, and 104D, in some
embodiments to prevent shorts to the diffusion contacts to
the source and/or drain. In some embodiments the dummy
diffusion may also be used to form isolations 110A and 110C
to avoid shorting with the gates of neighboring devices to the
left and to the right (not shown in FIG. 18a). In other
embodiments where there is no neighboring device or the
gates of neighboring devices are to be connected, such
dummy diffusions may be omitted.

[0058] As illustrated in the embodiment shown in FIG.
184, second gate material that forms gate 106 actually may
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form more a gate as well as an interconnection between the
gate and a contact to that gate (as shown with gate 106A).
The second gate material that forms gate 106A forms an
active gate around active diffusion 104B and also forms an
interconnection to dummy diffusion 104 A, on which the gate
contact 118 is formed. Thus, gate 106A as used herein
encompasses more than just the actual active gate around
active diffusion 104B; it encompasses the interconnect as
well.

[0059] Similarly, second gate material that forms a gate
106 actually may form more than one active gate as well as
an interconnection between those gates (as shown with gate
106B). The second gate material that forms gate 106B forms
two active gates around active diffusions 104C and 104D, as
well as an interconnection between the two active gates, in
addition to an interconnection to dummy diffusion 104E, on
which the gate contact 118 is formed. Thus, gate 106B as
used herein encompasses more than just a single active gate
around a single active diffusion; it encompasses two active
gates around two active diffusions 104C and 104D and
interconnects as well.

[0060] While a method of making a circuit 100 with a
self-aligned gate 106 has been described above with respect
to a tri-gate transistor, self-aligned gates may be used in
other types of transistors as well, such as a planar transistor.
FIG. 19 is a cross-sectional side view, taken through line
A-A of FIG. 2, that illustrates the circuit 100 at a stage in
fabrication of planar transistors, rather than tri-gate transis-
tors, according to one embodiment. Similar processes to
those described with respect to FIGS. 4 through 8 may be
performed. Then, a portion of spacers 806 may be removed
in such a way that it will end up at the same level as the
diffusion 104 at the end of the gate oxide deposition. In one
embodiment, spacer 806 may comprise silicon oxide and
hydrofiuoric acid may be used to remove the spacer 806
without etching other materials in the structure. In this
embodiment, the spacer 806 may be partially removed to a
level above the top of pad oxide 506 (shown in FIG. 6). If
there is enough thickness left in spacer 806 above the top of
the pad oxide 506, the top of the spacer layer 806 may be
brought down to the same level of the diffusion 104 after
various oxide removal process such as pad oxide removal,
sacrificial oxide removal and gate oxide preclean.

[0061] FIG. 20 is a cross-sectional side view, taken
through line A-A of FIG. 2, that illustrates the circuit 100 of
FIG. 19 after removal of the remaining portions of the
hardmask layer 508. In an embodiment, the material of the
hardmask layer 508, the insulating material layer 802 and
the spacer layer 702 may be chosen so that when the
hardmask layer 508 is removed, the other materials are
relatively unaftected by the removal process. In one embodi-
ment, the materials for hard mask layer 508, spacers 806,
and isolations 110 may allow for selective etches. In one
embodiment, the semiconductor layer 504 (portions of
which may become diffusions 104) may comprise single
crystal silicon, the mask layer 508 may comprise SiON on
polysilicon, the spacer 806 may comprise silicon oxide, and
the isolations 110 may comprise silicon nitride.

[0062] FIG. 21 is a cross-sectional side view, taken
through line A-A of FIG. 2, that illustrates the circuit 100 of
FIG. 20 after deposition and planarization of first gate
material 1102, which may comprise polysilicon according to
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one embodiment, although in other embodiments the first
gate material 1102 may comprise other materials. The first
gate material 1102 may be planarized to be substantially
coplanar with the top of the insulating material 802 and
insulating isolation structures 110, as illustrated in FIG. 11.
In some embodiments the first gate material 1102 need not
be deposited between the diffusions 104 and the insulating
material 802. Because portions of the spacers 806 remain in
place, the first gate material 1102 may only need to be
deposited down to the level of the top of the spacers 806 and
diffusions 104. Thus, the thickness of the spacer layer 702
(as described above with respect to FIG. 7) may be selected
to be less in a planar transistor than when fabricating a
tri-gate transistor. Other process steps, which may be similar
to those described with respect to a tri-gate transistor, may
be performed to finish the planar transistor with a self-
aligned gate 106.

[0063] Gates self-aligned to diffusions in a tri-gate tran-
sistor may also be part of a metal gate transistor formed
using a subtractive process, rather than a replacement gate
process. For a subtractive process, the method described
above through FIG. 10 may be used.

[0064] FIG. 22 is a cross-sectional side view, taken
through line A-A of FIG. 2, that illustrates the circuit 100 of
FIG. 10 after deposition and planarization of a first gate
material 2202. In the replacement gate method described
above, the first gate material 1102 is removed and replaced
with second gate material that forms the gates 106. In
contrast, with the described subtractive process embodi-
ment, the first gate material 2202 forms the gates 106 when
the transistor is complete. In an embodiment, gate dielectric
material (not shown) may be conformally deposited around
the diffusions 104 and insulating material 802 of FIG. 10
prior to deposition of the first gate material 2202. The gate
dielectric may comprise a layer of silicon dioxide or other
relatively low-k (low dielectric constant) material and a
layer of high-k dielectric material on the silicon dioxide, in
an embodiment, although other suitable materials may be
used. There may be a layer of barrier and/or workfunction
material (not shown) on the gate dielectric in some embodi-
ments. After deposition of the dielectric material, barrier,
and/or workfunction material, the first gate material 2202
may be deposited and planarized. The first gate material
2202 may comprise Au, TiN, or another suitable material.

[0065] FIG. 23 is a cross-sectional side view, taken
through line A-A of FIG. 2, that illustrates the circuit 100 of
FIG. 22 after deposition and patterning of a mask layer 2302.
Openings in the mask layer 2302 may be formed to allow
removal of portions of the insulating material 802 (which
may comprise silicon nitride) while protecting isolation
structures 110 from being removed.

[0066] FIG. 24 is a cross-sectional side view, taken
through line A-A of FIG. 2, that illustrates the circuit 100 of
FIG. 23 after removal of portions of the insulating material
802 (which may comprise silicon nitride). One or more wet
etches that selectively remove the portions of insulating
material 802 and gate dielectric (on the sidewalls of gate
2202) while leaving the first gate material 2202 (which
become the gates 106) intact may be used. Note that a gate
dielectric layer (not shown in the figures) may be formed
prior to formation of gate material 2202; such formation of
the gate dielectric layer may result in the gate dielectric
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material being formed on sides of insulating material 802 as
well as on the surfaces of the diffusions 104.

[0067] FIG. 25 is a cross-sectional side view, taken
through line A-A of FIG. 2, that illustrates the circuit 100 of
FIG. 24 after conductive material 2502 has been deposited
and planarized. The conductive material 2502 may comprise
a metal or other suitable conductive material. The conduc-
tive material 2502 may electrically connect the gates 106
around the various diffusions 104 and/or connect a gate
around an active diffusion 104 to a contact formed above a
dummy diffusion 104 (similar to that shown in FIG. 18a).
Thus, the first gate material 2202 around active diffusions
104B, 104C, and 104D may form active gates 106, while the
first gate material 2202 and conductive material 2502 may
form interconnections between active gates 106 and between
an active gate 106 and a dummy gate around a dummy
diffusion 104A, 104E, on which a gate contact 118 may be
formed. Thereafter, transistors may be finished (by ion
implantation and/or other steps) and ILD layers contacts,
traces, and other structures may be formed to complete the
circuit, as described above with respect to the replacement
gate process.

[0068] FIG. 26 is a block diagram that illustrates a system
2600 in accordance with one embodiment of the present
invention. As illustrated, for the embodiment, system 2600
includes a computing device 2602 for processing data.
Computing device 2602 may include a motherboard 2604.
Motherboard 2604 may include in particular a processor
2606, and a networking interface 2608 coupled to a bus
2610. The networking interface 2608 may connect the
computing device 2602 to other devices 2608, such as other
computing devices 2602.

[0069] Depending on the applications, system 2600 may
include other components, including but are not limited to
volatile and non-volatile memory 2612, a graphics processor
(which may be integrated with a motherboard along with a
chipset, or alternatively may be an expansion card, such as
AGP, PCI Express or other type, removably inserted into a
socket on a motherboard, or another type of graphics pro-
cessor), a digital signal processor, a crypto processor, a
chipset, mass storage 2614 (such as hard disk, compact disk
(CD), digital versatile disk (DVD) and so forth), input
and/or output devices 2616, and so forth.

[0070] In various embodiments, system 2600 may be a
personal digital assistant (PDA), a mobile phone, a tablet
computing device, a laptop computing device, a desktop
computing device, a set-top box, an entertainment control
unit, a digital camera, a digital video recorder, a CD player,
a DVD player, or other digital device of the like.

[0071] One or more of the circuits 100 including transis-
tors with self-aligned gates as described above may be
included in the system 2600 of FIG. 26 as part of any one
of a number of components. For example, the circuit 100
may be part of the CPU 2606, memory 2612, or other
devices.

[0072] The foregoing description of the embodiments of
the invention has been presented for the purposes of illus-
tration and description. It is not intended to be exhaustive or
to limit the invention to the precise forms disclosed. This
description and the claims following include terms, such as
left, right, top, bottom, over, under, upper, lower, first,
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second, etc. that are used for descriptive purposes only and
are not to be construed as limiting. For example, terms
designating relative vertical position refer to a situation
where a device side (or active surface) of a substrate or
integrated circuit is the “top” surface of that substrate; the
substrate may actually be in any orientation so that a “top”
side of a substrate may be lower than the “bottom” side in
a standard terrestrial frame of reference and still fall within
the meaning of the term “top.” The term “on” as used herein
(including in the claims) does not indicate that a first layer
“on” a second layer is directly on and in immediate contact
with the second layer unless such is specifically stated; there
may be a third layer or other structure between the first layer
and the second layer on the first layer. The embodiments of
a device or article described herein can be manufactured,
used, or shipped in a number of positions and orientations.
Persons skilled in the relevant art can appreciate that many
modifications and variations are possible in light of the
above teaching. Persons skilled in the art will recognize
various equivalent combinations and substitutions for vari-
ous components shown in the Figures. It is therefore
intended that the scope of the invention be limited not by this
detailed description, but rather by the claims appended
hereto.

1. A method, comprising:
forming a first diffusion on a substrate;

forming a second diffusion on the substrate a distance
from the first diffusion;

forming an insulating isolation structure on the substrate
between the first and second diffusions, the insulating
isolation structure being self-aligned to the first and
second diffusions wherein forming the insulating iso-
lation structure comprises:

depositing a spacer layer on the first and second dif-
fusions, the spacer layer defining a trench between
the first and second diffusions; and

depositing insulating material in the trench to form the
insulating isolation structure; and

forming, after forming the insulating isolation structure, a
first transistor gate on the first diffusion and a second
transistor gate on the second diffusion, the insulating
isolation structure defining a separation distance
between the first and second transistor gates.

2. (canceled)

3. The method of claim 1, further comprising removing at
least a portion of the spacer layer after forming the insulating
isolation structure.

4. The method of claim 3 wherein removing at least a
portion of the spacer layer results in exposing side walls of
the first and second diffusions, further comprising depositing
gate material on side walls of the first and second diffusions
between each of the first and second diffusions and the
insulating isolation structure.

5. The method of claim 4, wherein the first transistor gate
and the first diffusion are part of a tri-gate transistor.

6. The method of claim 3, wherein removing at least a
portion of the spacer layer comprises removing a portion of
the spacer layer to a level about equal to a top surface of the
first diffusion.

7. The method of claim 6, wherein the first transistor gate
and the first diffusion are part of a planar transistor.
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8. The method of claim 1, wherein the insulating isolation
structure comprises silicon nitride.

9. The method of claim 1, wherein the first transistor gate
has a top surface, the insulating isolation structure has a top
surface, and the top surface of the first transistor gate is
substantially coplanar with the top surface of the insulating
isolation structure.

10. A method, comprising:

forming a first diffusion on a substrate;
forming a first spacer layer on the first diffusion;

forming a first insulating isolation structure on the sub-
strate to a first side of the first diffusion, a distance
between the insulating isolation structure and the first
diffusion being defined by a thickness of the first spacer
layer; and

forming a gate on the first diffusion, the gate having an
endcap with a width defined by the distance between
the insulating isolation structure and the first diffusion.
11. The method of claim 10, further comprising:

forming a second insulating isolation structure on the
substrate to a second side of the first diffusion opposite
the first side;

forming a first spacer on a first portion of the first
diffusion and a second spacer on a second portion of the
first diffusion, wherein a third portion of the first
diffusion between the first and second portions is not
covered by the first or second spacers; and

forming a gate on the first diffusion within a volume at
least partially defined by the first and second isolation
structures and the first and second spacers.

12. The method of claim 10, wherein a distance between
the first and second insulating isolation structures provides
a predefined width of the gate.

13. The method of claim 11, wherein a distance between
the first and second spacers provides a predefined length of
the gate.

14. The method of claim 10, wherein forming the first
insulating isolation structure comprises:

forming a second diffusion on the substrate to the first side
of the first diffusion;

depositing the first spacer layer on the first diffusion and
on the second diffusion; and

depositing insulating material in a trench between the first
spacer layer on the first diffusion and the first spacer
layer on the second diffusion to form the first insulating
isolation structure.

15. A device, comprising:

a first diffusion on a substrate;

a second diffusion on the substrate;
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a first gate on the first diffusion;
a second gate on the second diffusion;

an insulating isolation structure between the first and
second gates that separates and insulates the first and
second gates from each other; and

wherein the first gate has an endcap between the first
diffusion and the insulating isolation structure, the
second gate has an endcap between the second diffu-
sion and the insulating isolation structure, and the first
endcap has a width about equal to a width of the second
endcap.

16. The device of claim 15, further comprising spacers on
either side of the first gate, wherein the first and second
diffusions comprises single crystal silicon, the spacers com-
prise carbon doped silicon nitride, and the insulating isola-
tion structure comprises silicon nitride.

17. The device of claim 15, further comprising a first
spacer between the first diffusion and the insulating isolation
structure and a second spacer between the second diffusion
and the insulating isolation structure.

18. A method, comprising:

forming a first diffusion on a substrate;

forming a second diffusion on the substrate a distance
from the first diffusion;

forming an insulating isolation structure on the substrate
between the first and second diffusions, the insulating
isolation structure being self-aligned to the first and
second diffusions, wherein forming the insulating iso-
lation structure comprises:

depositing a spacer layer on the first and second dif-
fusions, the spacer layer defining a trench between
the first and second diffusions; and

depositing insulating material in the trench to form the
insulating isolation structure; and

removing at least a portion of the spacer layer after
forming the insulating isolation structure, to expose
side walls of the first and second diffusions; and

forming, after forming the insulating isolation structure, a
first transistor gate on the first diffusion and a second
transistor gate on the second diffusion.

19. The method of claim 18, further comprising removing

a portion of the insulating isolation structure after forming
the first and second transistor gates.

20. The method of claim 18, further comprising deposit-
ing gate material on side walls of the first and second
diffusions between each of the first and second diffusions
and the insulating isolation structure.





