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METHOD AND SEMICONDUCTOR STRUCTURE WITH DEEP
TRENCH ISOLATION STRUCTURES

[0001] This relates in general to semiconductor structures, and in particular to a
semiconductor structure and a method of forming the semiconductor structure with deep trench
1solation structures.

BACKGROUND

[0002] A metal oxide semiconductor (MOS) transistor is a well-known semiconductor
device, which can be implemented as either an n-channel (NMOS) device or a p-channel
(PMOS) device. A MOS transistor has spaced-apart source and drain regions, which are
separated by a channel, and a metal gate that lies over the channel. The metal gate is insulated
from the channel by a gate dielectric layer. Alternatively, the gate of a MOS transistor is formed
with doped polysilicon instead of metal.

[0003] A double-diffused MOS (DMOS) transistor is a power MOS transistor having a
double-diffused well that forms the channel, and a large lightly-doped drain region, known as a
drain drift region, which lies between the channel and a heavily-doped drain region. A lateral
DMOS (LDMOS) transistor is a DMOS transistor, in which the source and drain regions are
laterally spaced apart. A LDMOS array is a group of LDMOS transistors that are arranged in a
pattern, such as an array of rows and columns.

[0004] FIGS. 1A-1B show views of a conventional LDMOS transistor array 100. FIG. 1A
shows a plan view, while FIG. 1B shows a cross-sectional view taken along line 1B-1B of
FIG. 1A. As shown in FIGS. 1A-1B, LDMOS transistor array 100 includes a semiconductor
structure 110 that has a p-type single-crystal-silicon substrate region 112, and a p-type epitaxial
layer 114 that is grown over substrate region 112. Also, semiconductor structure 110 includes a
number of shallow trench isolation structures 116 that are formed in the top surface of epitaxial
layer 114 to extend down into epitaxial layer 114.

[0005] As shown in FIGS. 1A-1B, LDMOS transistor array 100 also includes a pair of
adjacent LDMOS transistors 120 that are formed in epitaxial layer 114. Each LDMOS transistor

120 includes an n- drain drift region 140 that is formed in epitaxial layer 114, and an n+ drain
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142 that is formed in n- drain drift region 140.

[0006] Also, each LDMOS transistor 120 includes a double-diffused well (Dwell) 144 that is
formed in epitaxial layer 114. Dwell 144 includes a p-type region 146 and an n-type region 148
that touches p-type region 146. Each LDMOS transistor 120 further includes an n+ source 150
and a p+ contact region 152 that are formed in epitaxial layer 114. N+ source 150 touches p-type
region 146 and n-type region 148. P+ contact region 152, which is laterally surrounded by n+
source 150, touches p-type region 146 and n+ source 150.

[0007] P-type region 146, which touches n- drain drift region 140, includes a channel region
154 that lies between n- drain drift region 140 and n-type region 148. P-type region 146, which
is spaced apart from n+ drain 142, also has a dopant concentration that is greater than a dopant
concentration of epitaxial layer 114. Also, n+ source 150 lies laterally spaced apart from n+
drain 142. Further, nt drain 142 touches a shallow trench isolation structure 116, which lies
laterally between drain 142 and source 150.

[0008] As shown in FIGS. 1A-1B, each LDMOS transistor 120 includes a gate dielectric
structure 160 that touches and lies over channel region 154, and a gate 162 that touches gate
dielectric structure 160 and lies over channel region 154. Gate 162 has a square-cornered
circular shape. Also, each LDMOS transistor 120 includes an inner sidewall spacer 164 that
touches gate 162, and an outer sidewall spacer 166 that touches and laterally surrounds gate 162.

[0009] As shown in FIGS. 1A-1B, semiconductor structure 110 includes a p-type region 170
that is formed in epitaxial layer 114 between the n- drain drift regions 140 of adjacent LDMOS
transistors 120 as a channel stopper. Channel stopper region 170 laterally surrounds each of the
LDMOS transistors 120.

[0010] In operation, when a first positive voltage (such as 40V) is placed on the n+ drain 142
of an LDMOS transistor 120, and ground is placed on p-type region 146 (through the p+ contact
region 152) and n+ source region 150, the LDMOS transistor 120 turns off when ground is
placed on gate 162. In this case, no electrons flow from n+ source 150 to n+ drain 142.

[0011] The LDMOS transistor 120 turns on when a second positive voltage (such as
Vas>Vrn) 1s placed on gate 162, while maintaining the remaining bias conditions. In this case,
the channel region 154 of p-type region 146 inverts, and electrons flow from n+ source 150
through channel region 154 to n+ drain 142.

[0012] One problem with LDMOS transistor array 100 is that its LDMOS transistors 120
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require a large amount of lateral separation and silicon real estate to provide the necessary
electrical isolation. For example, 40V isolation often requires a minimum lateral spacing S of
5.65um between the n- drain drift regions 140 of adjacent LDMOS transistors 120.

[0013] FIGS. 2A-2B show views of a conventional LDMOS transistor array 200. FIG. 2A
shows a plan view, while FIG. 2B shows a cross-sectional view taken along line 2B-2B of
FIG.2A. LDMOS transistor array 200 is similar to LDMOS transistor array 100 and,
accordingly, uses the same reference numerals to designate the structures that are common to
both transistor arrays.

[0014] As shown in FIGS. 2A-2B, LDMOS transistor array 200 differs from LDMOS
transistor array 100, because LDMOS transistor array 200 uses a semiconductor structure 210
instead of semiconductor structure 110. Semiconductor structure 210 is the same as
semiconductor structure 110, except that semiconductor structure 210 further includes a number
of nt+ buried layers 211 that are formed in the top portion of substrate region 112 and the bottom
portion of epitaxial layer 114.

[0015] Semiconductor structure 210 also differs from semiconductor structure 110, because
semiconductor structure 210 includes a number of n-type junction isolation regions 212 that are
formed in epitaxial layer 114. Each junction isolation region 212 includes an n+ bottom region
214 that is formed in epitaxial layer 114 to touch and lie above an n+ buried layer 211. Also,
cach junction isolation region 212 includes an n- top region 216 that is formed in epitaxial layer
114 to touch and lie above an n+ bottom region 214, and an n+ contact region 218 that is formed
in an n- top region 216.

[0016] Semiconductor structure 210 further differs from semiconductor structure 110,
because semiconductor structure 210 includes a number of p-type channel stop regions 220 that
are formed in epitaxial layer 114. Each channel stop region 220 lies between an n- drain drift
region 140 and a junction isolation region 212.

[0017] As shown in FIGS. 2A-2B, semiconductor structure 210 also includes a p-type well
region 222 that is formed in epitaxial layer 114 between the n- top regions 216 of adjacent
LDMOS transistors 120 as a channel stopper. Also, LDMOS transistor array 200 includes a p+
contact region 224 that is formed in p-type well region 222.

[0018] LDMOS transistor array 200 further includes a p- buried region 226 that is formed in
substrate 112 and epitaxial layer 114 to lie laterally between adjacent n+ buried layers 211. The
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p- buried region 226, which has a dopant concentration slightly higher than the dopant
concentration of p-type substrate 112, helps to minimize the lateral spacing between adjacent n+
buried layers 211.

[0019] LDMOS transistor array 200 operates the same as LDMOS transistor array 100,
except that each buried layer 211 and junction isolation region 212 of LDMOS transistor array
200 surrounds and junction isolates a portion of epitaxial layer 114 from the remaining portion of
epitaxial layer 114. To support 30V operation and below, p- buried region 226 can touch the
adjacent n+ buried layers 211 as shown in FIG. 2B. However, to support 40V operation,
p- buried region 226 is laterally spaced apart from the adjacent n+ buried layers 211, because of
the junction breakdown limitations between the n+ buried layers 211 and p- buried layer 226.
[0020] Like LDMOS transistor array 100, one problem with LDMOS transistor array 200 is
that a large amount of silicon real estate is required to provide the necessary electrical isolation.
When the dopants that were implanted to form the n+ bottom regions 214 are driven in, the n+
bottom regions 214 experience a substantial lateral diffusion of dopants. Accordingly, a need
exists for an LDMOS transistor array that requires less silicon real estate.

SUMMARY

[0021] In described examples, a semiconductor structure includes a substrate and an epitaxial
layer. The substrate has a first conductivity type and a top surface. The epitaxial layer has the
first conductivity type, a bottom surface that touches the top surface of the substrate, and a top
surface. A buried region has a second conductivity type. The buried region touches and lies
below a portion of the epitaxial layer. A shallow trench isolation structure is formed in the top
surface of the epitaxial layer to extend down into the epitaxial layer. An inner deep trench
isolation structure is formed in the top surface of the epitaxial layer to extend down into the
epitaxial layer. The inner deep trench isolation structure laterally surrounds the shallow trench
isolation structure. An outer deep trench isolation structure is formed in the top surface of the
epitaxial layer to extend down into the epitaxial layer. The outer deep trench isolation structure
laterally surrounds the inner deep trench isolation structure. A doped region is formed in the top
surface of the epitaxial layer to extend down into the epitaxial layer and touch the buried region.
The doped region has the second conductivity type, touches the inner and outer deep trench

isolation structures, and laterally surrounds the portion of the epitaxial layer.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIGS. 1A-1B are views of a conventional LDMOS transistor array.

[0023] FIGS. 2A-2B are views of a conventional LDMOS transistor array.

[0024] FIGS. 3A-3B are views of an LDMOS transistor array of example embodiments.
[0025] FIGS. 4A-4M are cross-sectional views of a method of forming an LDMOS transistor
array of example embodiments.

[0026] FIGS. 5A-5C are views of a method of forming an LDMOS transistor array of
another example embodiment.

[0027] FIGS. 6A-6B are views of an LDMOS transistor array of another example
embodiment.

[0028] FIGS. 6C-6D are views of an LDMOS transistor array of another example
embodiment.

[0029] FIGS. 7A-7B are views of an LDMOS transistor array of another example
embodiment.

[0030] FIGS. 8A-8B are views of an LDMOS transistor array of example embodiments.
DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0031] FIGS. 3A-3B show an LDMOS transistor array 300 of example embodiments.
FIG. 3A shows a plan view, while FIG. 3B shows a cross-sectional view taken along line 3B-3B
of FIG. 3A. As described in greater detail below, LDMOS transistor 300 requires less silicon
real estate than a conventional LDMOS transistor.

[0032] LDMOS transistor array 300 is similar to LDMOS transistor array 200 and,
accordingly, uses the same reference numerals to designate the structures that are common to
both transistors. As shown in FIGS. 3A-3B, LDMOS transistor array 300 differs from LDMOS
transistor array 200, because LDMOS transistor array 300 uses a semiconductor structure 310
instead of semiconductor structure 210.

[0033] Semiconductor structure 310 is the same as semiconductor structure 210, except that
semiconductor structure 310 also includes a number of outer deep trench isolation structures 312
and a number of inner deep trench isolation structures 314 that are formed in the top surface of
epitaxial layer 114 to extend down into epitaxial layer 114. The outer and inner deep trench
isolation structures 312 and 314 have depths that are substantially deeper than the depths of the

shallow trench isolation structures 116. Also, as shown in FIG. 3A, the outer and inner deep
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trench isolation structures 312 and 314 have round corners. The round corners minimize the
stress from the outer and inner deep trench isolation structures 312 and 314.

[0034] Semiconductor structure 310 also differs from semiconductor structure 210, because
semiconductor structure 310 uses a number of n-type junction isolation regions 320 instead of
the junction isolation regions 212. In this example, the junction isolation regions 320 differ from
the junction isolation regions 212, because each junction isolation region 320 uses a single n+
region instead of n+ bottom region 214, n- top region 216, and nt+ contact region 218. Each
junction isolation region 320 touches and lies between a pair of outer and inner deep trench
isolation structures 312 and 314.

[0035] Each buried layer 211 touches and lies below one of a number of portions 322 of
epitaxial layer 114, where each portion 322 includes drain drift region 140, Dwell 144, and a
number of shallow trench isolation structures 116. Further, each junction isolation region 320,
which touches a buried layer 211, laterally surrounds the portion 322 of epitaxial layer 114.
Accordingly, an n-type region, which includes buried layer 211 and junction isolation region
320, lies completely between the portion 322 of epitaxial layer 114 and a remaining portion of
the epitaxial layer 114.

[0036] Further, outer deep trench isolation structure 312 laterally surrounds the portion 322
of epitaxial layer 114 and inner deep trench isolation structure 314. Inner deep trench isolation
structure 314 laterally surrounds a number of shallow trench isolation structures 116. As shown
in FIGS. 3A-3B, adjacent junction isolation regions 320 are laterally spaced apart from each
other by a portion of p-type epitaxial layer 114.

[0037] LDMOS transistor array 300 also includes a p- buried region 330 that is formed in
substrate 112 and epitaxial layer 114 to lie laterally between adjacent n+ buried layers 211. The
p- buried region 330 has a dopant concentration slightly higher than the dopant concentration of
p-type substrate 112. Also, p- buried region 330 can touch the adjacent n+ buried layers 211, as
shown in FIG. 3B for 40V operation and below.

[0038] As shown in FIGS. 3A-3B, transistor array 300 can optionally include a number of
n- interface regions 332 that are formed in epitaxial layer 114, so that each n- interface region
332 laterally surrounds an outer deep trench isolation structures 312. The n- interface regions
332, which each has a dopant concentration that is lower than the dopant concentration of n-type

junction isolation region 320, may be required for 40V operation and to avoid hot carrier
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trapping at the interface between silicon and oxide. LDMOS transistor array 300 operates the
same as LDMOS transistor array 200, except that LDMOS transistor array 300 provides greater
lateral isolation than LDMOS transistor array 200.

[0039] As shown in FIG. 3B, the portions of the junction isolation regions 320 that lic below
the outer and inner deep trench isolation structures 312 and 314 could be wider than the portions
of the junction isolation regions 320 that lic between the outer and inner deep trench isolation
structures 312 and 314. Although the outer and inner deep trench isolation structures 312 and
314 might not eliminate the lateral diffusion of dopants, the outer and inner deep trench isolation
structures 312 and 314 substantially suppress the lateral diffusion of dopants.

[0040] Accordingly, the minimum lateral spacing between adjacent LDMOS transistors 120
in array 300 is substantially less than the minimum lateral spacing between adjacent LDMOS
transistors 120 in array 200. For example, 20V isolation for adjacent LDMOS transistors 120 in
array 200 often requires a minimum lateral spacing of 7um, but 20V isolation for adjacent
LDMOS transistors 120 in array 300 can use a minimum lateral spacing of 5.2um, which is a
26% reduction.

[0041] Similarly, 30V isolation for adjacent LDMOS transistors 120 in array 200 often
requires a minimum lateral spacing of 8um, but 30V isolation for adjacent LDMOS transistors
120 in array 300 can use a minimum lateral spacing of 5.7um, which is a 29% reduction.
Further, 40V isolation for adjacent LDMOS transistors 120 in array 200 often requires a
minimum lateral spacing of 8.5um, but 40V isolation for adjacent LDMOS transistors 120 in
array 300 can use a minimum lateral spacing of 6.2um, which is a 27% reduction.

[0042] Accordingly, by suppressing the lateral diffusion of dopants, the outer and inner deep
trench isolation structures 312 and 314 substantially reduce the minimum lateral spacing between
adjacent LDMOS transistors 120 in array 300, which substantially reduces the silicon real estate
required to implement LDMOS transistor array 300.

[0043] FIGS. 4A-4M show a method 400 of forming an LDMOS transistor array of example
embodiments. As shown in FIG. 4A, method 400 uses a conventionally-formed p-type
single-crystal-silicon substrate 402, and begins by forming a patterned photoresist layer 404 on
the top surface of substrate 402.

[0044] Patterned photoresist layer 404 is formed in a conventional manner, which includes

depositing a layer of photoresist, projecting a light through a patterned black/clear glass plate
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known as a mask to form a patterned image on the layer of photoresist, and removing the imaged
photoresist regions that were softened by exposure to the light.

[0045] After patterned photoresist layer 404 has been formed, the exposed regions of
substrate 402 are implanted with an n-type dopant, such as antimony, to form laterally
spaced-apart n+ buried regions 406 and 408 in the top surface of substrate 402. Antimony has a
small diffusion coefficient, which minimizes the upward diffusion of the dopant into a
subsequently-formed epitaxial layer. After the n+ buried regions 406 and 408 have been formed,
patterned photoresist layer 404 is removed in a conventional manner, such as with an ash
process.

[0046] As shown in FIG. 4B, after patterned photoresist layer 404 has been removed,
substrate 402 is blanket implanted with a p-type dopant (such as boron) at an implant energy of
1700KeV. The implant forms a p- buried region 409 in the top surface of substrate 402 between
the laterally spaced-apart n+ buried regions 406 and 408. The dopant concentration of p- buried
region 409 is slightly higher than the dopant concentration of p- substrate 402. Accordingly, the
implant has substantially no effect on the profile of the n+ buried regions 406 and 408. The
p-type blanket implant is sufficient for 40V operation and below.

[0047] After p- buried region 409 has been formed, the resulting structure is conventionally
annealed at 1200°C to drive in the implants. The drive in causes the n+ buried regions 706 and
708 and p- buried region 409 to diffuse downward, which limits the upward diffusion of the n+
buried regions 406 and 408 and p- buried region 409 into the subsequently-formed epitaxial
layer.

[0048] Also, the drive-in causes the n+ buried regions 406 and 408 and p- buried region 409
in substrate 402 to be thicker than the n+ buried regions 406 and 408 and p- buried region 409 in
the subsequently-formed epitaxial layer. Because the dose of the p-type implant is much lower
than the dose of the n-type implant, the thickness of p- buried region 409 is thinner than the
thicknesses of the n+ buried regions 706 and 708.

[0049] Following the drive in, a p-type epitaxial layer 410 is grown on the top surface of
substrate 402 in a conventional fashion. During the formation of epitaxial layer 410, the n+
buried regions 406 and 408 and the p- buried region 409 diffuse upward into the bottom portion
of epitaxial layer 410.

[0050] The upward diffusion of the n+ buried regions 406 and 408 during the formation of
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epitaxial layer 410 is much greater than the upward diffusion of p- buried region 409. This is
because the projected range of the implant used in forming p- buried region 409 is very big, and
the dose used in forming p- buried region 409 is much lower than the dose used in forming the
n+ buried regions 406 and 408. Accordingly, a large portion of p- buried region 409 exists in
p-type substrate 402.

[0051] After epitaxial layer 410 has been formed, a hard mask is formed on the top surface
of epitaxial layer 410. In this example, the hard mask is formed by depositing an oxide layer 412
on epitaxial layer 410. Subsequently, a nitride layer 414 is deposited on oxide layer 412, and an
oxide layer 416 is deposited on nitride layer 414.

[0052] Oxide layer 412, nitride layer 414, and oxide layer 416 can each have a range of
thicknesses. In this example, oxide layer 412 has a thickness of approximately 150A, nitride
layer 414 has a thickness of approximately 2000A, and oxide layer 416 has a thickness of
approximately 3000A. Further, oxide layer 412 can be implemented with thermally grown
oxide, while oxide layer 416 can be implemented with any kind of deposited silicon dioxide
(Si0,) layer. Next, a patterned photoresist layer 418 approximately 1um thick is formed on the
top surface of oxide layer 416. Patterned photoresist layer 418 is formed in a conventional
manner to have round corners (when seen in a plan view).

[0053] As shown in FIG. 4C, after patterned photoresist layer 418 has been formed, the
exposed regions of oxide layer 416 and the underlying regions of nitride layer 414 and oxide
layer 412 are etched to form a hard mask 420, which has round corners (when seen in a plan
view) and a number of openings that extend completely through hard mask 420. After hard
mask 420 has been formed, patterned photoresist layer 418 is removed in a conventional manner.
[0054] As shown in FIG. 4D, following the removal of patterned photoresist layer 418,
epitaxial layer 410 is etched through the openings in hard mask 420 to form a number of trench
openings 422 in epitaxial layer 410. The trench openings 422 can have a range of widths and
depths. In this example, each trench opening 422 has a width of 0.7um and a depth of 2.5um.
[0055] Also, the trench openings 422 have side walls which can have a range of side wall
angles, where a 90° side wall angle is substantially perpendicular to the top surface of epitaxial
layer 410. In this example, each trench opening 422 has a side wall angle of 88°. Further, the
trench openings 422 have round corners (when viewed from above).

[0056] As shown in FIG. 4E, after the trench openings 422 have been formed, a
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non-conductive liner 430 is conformally formed on hard mask 420 and the exposed regions of
the epitaxial layer 410 to line the trench openings 422. For example, liner 430 can be formed by
thermally growing oxide to a depth of approximately 2004, followed by the deposition of an
oxide layer to a depth of approximately 2000A using sub-atmospheric pressure chemical vapor
deposition (SACVD).

[0057] Next, after non-conductive liner 430 has been formed, a conductive layer 432 is
deposited on non-conductive liner 430 to fill the remainder of the trench openings 422. In this
example, conductive layer 432 is formed by conventionally depositing a polysilicon layer on
non-conductive liner 430 to fill the remainder of the trench openings 422. The polysilicon layer
can be in-situ doped or implanted with a dopant after deposition in a conventional manner. In
this example, the polysilicon layer is doped to have an n conductivity type.

[0058] Subsequently, as shown in FIG. 4F, conductive layer 432, non-conductive liner 430,
and oxide layer 416 are planarized in a conventional manner, such as with an etch back or
chemical-mechanical polishing. The planarization continues until oxide layer 416 has been
removed from the top surface of nitride layer 414 to form a number of deep trench isolation
structures 433 that fill the trench openings 422. The deep trench isolation structures 433 have
round corners (when viewed from above), because of the round corners of the trench openings
422.

[0059] Accordingly, in this example, each trench isolation structure 433 has a polysilicon
core 434 and a non-conductive outer structure 436. Non-conductive outer structure 436 has a
non-conductive outer surface 437 that touches the epitaxial layer 410, which is exposed by a
trench opening 422.

[0060] Instead of implementing the deep trench isolation structures 433 with polysilicon core
434 and non-conductive outer structure 436, the deep trench isolation structures 433 can be
implemented with only a non-conductive material. In this case, instead of lining the trench
openings 422 with a non-conductive material, the trench openings 422 are filled with the
non-conductive material.

[0061] As shown in FIG. 4G, after the deep trench isolation structures 433 have been
formed, nitride layer 414 is removed using conventional procedures. Subsequently, as shown in
FIG. 4H, a patterned photoresist layer 440 is formed on the top surface of oxide layer 412 and

the deep trench isolation structures 433 in a conventional manner.
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[0062] Optionally, nitride layer 414 and oxide layer 412 can be removed during the
planarization step, so that the top surfaces of the deep trench isolation structures 433 and the top
surface of epitaxial layer 410 lie in the same horizontal plane. Patterned photoresist layer 440
can then be formed on epitaxial layer 410 or on a sacrificial oxide layer that is formed on
epitaxial layer 440 following the planarization step.

[0063] After patterned photoresist layer 440 has been formed, an n-type dopant (such as
phosphorous or arsenic) is implanted into epitaxial layer 410 a number of times with a number of
implant energies to form an n+ region 441 in epitaxial layer 410 that lies above n+ buried layer
406 and extends up to the top surface of epitaxial layer 410.

[0064] The implant also forms an n+ region 442 in epitaxial layer 410 that lies above n+
buried layer 408 and extends up to the top surface of epitaxial layer 410. The n+ regions 441 and
442 have a maximum depth of approximately 1500A, and lie between and touch the deep trench
isolation structures 433. Patterned photoresist layer 440 is then removed in a conventional
manner.

[0065] As shown in FIG. 41, after patterned photoresist layer 440 has been removed, the
resulting structure is conventionally annealed at 1150°C to drive in the implants. The drive-in
causes the nt+ regions 441 and 442 to diffuse downward and then outward. When polysilicon is
used for implementing conductive layer 432, the polysilicon can withstand the 1150°C anneal
without detrimental stress effects.

[0066] After the drive-in, a patterned photoresist layer 444 is formed on the top surface of
oxide layer 412 and the deep trench isolation structures 433 in a conventional manner. After
patterned photoresist layer 444 has been formed, an n-type dopant (such as phosphorous or
arsenic) is implanted into epitaxial layer 410 a number of times with a number of implant
energies to form an n- drift region 445 in epitaxial layer 410 that lies above n+ buried layer 406.
[0067] The implant also forms an n- drift region 446 in epitaxial layer 410 that lies above n+
buried layer 408. Further, as shown by the dashed lines in FIG. 41, to support 40V operation,
patterned photoresist layer 444 can be formed so that a number of n- regions 445-6 can be
formed in the top surface of epitaxial layer 410 at the same time that the n- drift regions 445 and
446 are formed. Each n- region 445-6 lies above p- buried region 409, and laterally surrounds a
pair of deep trench isolation structures 433. Patterned photoresist layer 444 is then removed in a

conventional manner. After patterned photoresist layer 444 has been removed, the resulting
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structure is annealed at 1100°C in a conventional fashion to drive in the implants.

[0068] As shown in FIG. 4], after the drive in, a number of shallow trench isolation
structures 447 approximately 4000A deep are formed in the top portion of epitaxial layer 410 in
a conventional manner. To prevent defects from occurring, high temperature diffusion should be
avoided after the shallow trench isolation structures 447 have been formed. In this example, one
of the shallow trench isolation structures 447 is formed in n- drift region 445, and one of the
shallow trench isolation structures 447 is formed in n- drift region 446.

[0069] After the shallow trench isolation structures 447 have been formed, a patterned
photoresist layer 448 is formed on the top surface of oxide layer 412 and the deep trench
isolation structures 433 in a conventional manner. After patterned photoresist layer 448 has been
formed, a p-type dopant (such as boron) is implanted into epitaxial layer 410 a number of times
with a number of implant energies to form a p-type channel stop region 450 in a portion of
epitaxial layer 410 that lies above n+ buried layer 406. Channel stop region 450 also touches and
lies below a shallow trench isolation structure 447.

[0070] The implant also forms a p-type channel stop region 451 in a portion of epitaxial
layer 410 that lies above n+ buried layer 408. Channel stop region 451 also touches and lies
below a shallow trench isolation structure 447. Patterned photoresist layer 448 is then removed
in a conventional fashion. After patterned photoresist layer 448 has been removed, the resulting
structure is rapidly thermally annealed (RTA) at 1050°C in a conventional manner to repair the
lattice damage from the implants. RTA is a short process which is allows substantially no
diffusion.

[0071] Next, as shown in FIG. 4K, after the channel stop regions 450 and 451 have been
formed, oxide layer 412 is removed in a conventional manner. After oxide layer 412 has been
removed, a gate oxide layer 452 is formed on the p-type regions 450 and 451 and the n-type
regions 445 and 446 in a conventional fashion.

[0072] Subsequently, a patterned photoresist layer 454 is formed on the top surface of gate
oxide layer 452 and the deep trench isolation structures 433 in a conventional manner. After
patterned photoresist layer 454 has been formed, a p-type dopant (such as boron) is implanted
into epitaxial layer 410 a number of times with a number of implant energies to form a p-type
region 455 in a portion of epitaxial layer 410 that lies above nt+ buried layer 406. The implant

also forms a p-type region 456 in a portion of epitaxial layer 410 that lies above n+ buried layer
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408.

[0073] Following the formation of the p-type regions 455 and 456, an n-type dopant (such as
arsenic) is implanted into epitaxial layer 410 a number of times with a number of implant
energies to form an n-type region 457 in p-type region 455 and an n-type region 458 in p-type
region 456.

[0074] Accordingly, the p-type and n-type dopants are implanted through the same openings
in photoresist layer 454. Further, p-type region 455 and n-type region 457 form a first double
diffused well (Dwell) 459, while p-type region 456 and n-type region 458 form a second Dwell
460. Patterned photoresist layer 454 is then removed in a conventional manner.

[0075] Because of the difference in the diffusivity coefficients between boron and arsenic,
the channel length is determined by the thermal budget and not by the dimensions of the
to-be-formed gate. The implant dose of boron is optimized to meet the target threshold voltage,
and the depths of the Dwells 459 and 460 are controlled by the boron implant energy.

[0076] As shown in FIG. 4L, after patterned photoresist layer 454 has been removed, a gate
462 is formed on gate oxide layer 452 to lie over p-type region 455, and a gate 464 is formed on
gate oxide layer 452 to lie over p-type region 456. The gates 462 and 464 are conventionally
formed. For example, the gates 462 and 464 can be formed by depositing a layer of polysilicon,
followed by a mask and etch step.

[0077] Subsequently, sidewall spacers 470 and 471 are formed to touch the outside and
inside sidewalls, respectively, of gate 462. Sidewall spacers 473 and 474 are formed to touch the
outside and inside sidewalls, respectively, of gate 464. The sidewall spacers 470, 471, 473 and
474 are conventionally formed. For example, the sidewall spacers 470, 471, 473 and 474 can be
formed by depositing an oxide layer and a nitride layer, followed by an anisotropic etch.

[0078] After the sidewall spacers 470, 471, 473 and 474 have been formed, a patterned
photoresist layer 476 is formed on the top surfaces of the deep trench isolation structures 433,
gate oxide layer 452, the gates 462 and 464, and the sidewall spacers 470, 471, 473 and 474 in a
conventional manner.

[0079] After patterned photoresist layer 476 has been formed, an n-type dopant (such as
phosphorous or arsenic) is implanted into epitaxial layer 410 to form an n+ source region 480
that touches p-type region 455, an n+ source region 481 that touches p-type region 456, an n+

drain region 483 that touches n- drift region 445, and an n+ drain region 484 that touches n- drift
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region 446. Patterned photoresist layer 476 is then removed in a conventional manner.

[0080] As shown in FIG. 4M, after patterned photoresist layer 476 has been removed, a
patterned photoresist layer 486 is formed on the top surfaces of the deep trench isolation
structures 433, gate oxide layer 452, the gates 462 and 464, and the sidewall spacers 470, 471,
473 and 474 in a conventional manner.

[0081] After patterned photoresist layer 486 has been formed, a p-type dopant (such as
boron) is implanted into epitaxial layer 410 to form a p+ contact region 490 that touches p-type
region 455, and a p+ contact region 492 that touches p-type region 456. Patterned photoresist
layer 486 is then removed in a conventional manner to form an LDMOS transistor array 494 with
a first LDMOS transistor 496 and a second LDMOS transistor 497.

[0082] First LDMOS transistor 496 includes drain drift region 445, p-type region 455, source
region 480, and drain region 483. Second LDMOS transistor 497 includes drain drift region 446,
p-type region 456, source region 481, and drain region 484. Subsequently, method 400
continues with conventional steps to complete the formation of an array of LDMOS transistors.
[0083] FIGS. 5A-5C show a method 500 of forming an LDMOS transistor array of another
example embodiment. FIG. 5A shows a plan view, while FIG. 5B shows a cross-sectional view
taken along line 5B-5B of FIG. 5A and FIG. 5C shows a cross-sectional view taken along line
5C-5C of FIG. 5A.

[0084] Method 500 is similar to method 400 and, accordingly, uses the same reference
numerals to designate the structures that are common to both methods. Method 500 is the same
as method 400 up through the removal of nitride layer 414 (shown in FIG. 4G), and differs by
forming a patterned photoresist layer 510 instead of patterned photoresist layer 440. After
patterned photoresist layer 510 has been formed, an n-type dopant (such as phosphorous or
arsenic) is implanted into epitaxial layer 410 a number of times with a number of implant
energies.

[0085] The implant forms a number of spaced-apart first n+ regions 512 in epitaxial layer
410 that each lie above n+ buried layer 406. The implant also forms a number of spaced-apart
second n+ regions 514 in epitaxial layer 410 that each lie above n+ buried layer 408. The n+
regions 512 and 514 lie between and touch the deep trench isolation structures 433. Following
the implant, patterned photoresist layer 510 is removed in a conventional manner. After this,

method 500 continues as in method 400.
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[0086] Accordingly, unlike patterned photoresist layer 440, which has a continuous circular
opening that lies over nt+ buried layer 406 and a continuous circular opening that lies over n+
buried layer 408, patterned photoresist layer 510 has a number of spaced-apart first openings
arranged in a circular shape over nt+ buried layer 406 and a number of spaced-apart second
openings arranged in a circular shape over n+ buried layer 408.

[0087] When the nt+ regions 512 and 514 are subsequently driven in, the n+ regions 512
laterally diffuse together to form n+ region 441, while the nt+ regions 514 laterally diffuse
together to form nt+ region 442. By forming the spaced-apart n+ regions 512 and 514, the
maximum widths of the portions of the n+ regions 441 and 442 that lie below the deep trench
1solation structures 433 can be reduced.

[0088] FIGS. 6A-6B show an LDMOS transistor array 600 of another example embodiment.
FIG. 6A shows a plan view, while FIG. 6B shows a cross-sectional view taken along line 6B-6B
of FIG. 6A. LDMOS transistor 600 array is similar to LDMOS transistor array 300 and,
accordingly, uses the same reference numerals to designate the structures that are common to
both transistor arrays. Only one transistor 120 is shown in FIGS. 6A-6B.

[0089] As shown in FIGS. 6A-6B, LDMOS transistor array 600 differs from LDMOS
transistor array 300, because LDMOS transistor array 600 uses a semiconductor structure 610
instead of semiconductor structure 310. Semiconductor structure 610 is the same as
semiconductor structure 310, except that semiconductor structure 610 also includes a number of
insulating deep trench structures 612 that are formed in the top surface of epitaxial layer 114.
Only one structure 612 is shown. Inner deep trench isolation structure 314 laterally surrounds
insulating deep trench isolation structure 612.

[0090] Semiconductor structure 610 also differs from semiconductor structure 310, because
semiconductor structure 610 includes a number of n-type interface regions 614 that each touch
and lie between an inner deep trench isolation structure 314 and an insulating deep trench
isolation structure 612. Only one region 614 is shown. N-type interface region 614 extends
down from the top surface of epitaxial layer 114, but is shallower than n+ region 320. N-type
interface region 614 eliminates a floating junction that could cause premature junction
breakdown of the isolation.

[0091] FIGS. 6C-6D show an LDMOS transistor array 650 of another example embodiment.

FIG. 6C shows a plan view, while FIG. 6D shows a cross-sectional view taken along line 6D-6D
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of FIG. 6C. LDMOS transistor 650 array is similar to LDMOS transistor array 600 and,
accordingly, uses the same reference numerals to designate the structures that are common to
both transistors.

[0092] As shown in FIGS. 6C-6D, LDMOS transistor array 650 differs from LDMOS
transistor array 600, because LDMOS transistor array 650 uses a semiconductor structure 660
instead of semiconductor structure 610. Semiconductor structure 660 is the same as
semiconductor structure 610, except that semiconductor structure 660 also includes a number of
insulating deep trench structures 662 that are formed in the top surface of epitaxial layer 114.
Only one structure 662 is shown. Each insulating deep trench isolation structure 662 laterally
surrounds an outer deep trench isolation structure 312.

[0093] Semiconductor structure 660 also differs from semiconductor structure 610, because
semiconductor structure 660 includes a number of n-type interface regions 664 that each touch
and lie between an outer deep trench isolation structure 312 and an insulating deep trench
isolation structure 662. Each n-type interface region 664 extends down from the top surface of
epitaxial layer 114, but is shallower than n+ region 320.

[0094] The LDMOS transistor arrays 600 and 650 operate the same as LDMOS transistor
array 300, except that the transistor arrays 600 and 650 can be formed to be smaller than
transistor array 300. In the FIGS. 6A-6B example, the outward lateral and upward diffusion of
n+ region 320 can be suppressed by placing insulating deep trench structure 612 a distance inside
of inner deep trench isolation structure 314. By placing insulating deep trench structure 612 the
distance inside of inner deep trench isolation structure 314, the distance between n- drain drift
region 140 and inner deep trench isolation structure 314 can be reduced. Accordingly, the
footprint of LDMOS transistor array 600 becomes smaller than the footprint of LDMOS
transistor array 300.

[0095] In the FIGS. 6C-6D example, the outward lateral and upward diffusion of n+ region
320 can also be suppressed by placing insulating deep trench structure 662 a distance outside of
outer deep trench isolation structure 312. By placing insulating deep trench structure 662 the
distance outside of outer deep trench isolation structure 312, the distance between adjacent
transistors in a transistor array can be reduced.

[0096] Insulating deep trench structure 612 and insulating deep trench structure 662 can be

formed in the same manner and at the same time as the deep trench isolation structures 433.
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Also, n-type interface region 614 and n-type interface region 664 can be formed in the same
manner and at the same time as the n-type drain drift regions 445 and 446.

[0097] FIGS. 7A-7B show an LDMOS transistor array 700 of another example embodiment.
FIG. 7A shows a plan view, while FIG. 7B shows a cross-sectional view taken along line 7B-7B
of FIG. 7A. LDMOS transistor array 700 is similar to LDMOS transistor array 300 and,
accordingly, uses the same reference numerals to designate the structures that are common to
both transistors. Only one transistor 120 is shown.

[0098] As shown in FIGS. 7A-7B, LDMOS transistor array 700 differs from LDMOS
transistor array 300, because LDMOS transistor array 700 uses a semiconductor structure 710
instead of semiconductor structure 310. Semiconductor structure 710 is the same as
semiconductor structure 310, except that the deep trench isolation structures 312 and 314 are
spaced further apart in semiconductor structure 710.

[0099] LDMOS transistor array 700 operates the same as LDMOS transistor array 300.
LDMOS transistor array 700 is formed the same as the LDMOS transistors 496 and 497, except
that the dopant for n+ region 320 lies between and spaced apart from the deep trench isolation
structures 312 and 314 after implantation, but lies between and touches the deep trench isolation
structures 312 and 314 after drive in. By increasing the lateral spacing between the deep trench
isolation structures 312 and 314, the n+ region 320 laterally diffuses during drive in, which limits
the lateral and upward diffusion of the dopants at the bottoms of the deep trench isolation
structures 312 and 314.

[0100] FIGS. 8A-8B show an LDMOS transistor array 800 of example embodiments.
FIG. 8A shows a plan view, while FIG. 8B shows a cross-sectional view taken along line 8B-8B
of FIG. 8A. Array 800 is similar to array 200 and, accordingly, uses the same reference
numerals to designate the structures that are common to both arrays.

[0101] Array 800 differs from array 200, because array 800 includes a deep trench isolation
structure 812 that touches the drain drift regions 140 of adjacent transistors 120. Deep trench
isolation structure 812 has round corners (when viewed from above), and a bottom surface that
touches a p-type region (epitaxial layer 114). Also, deep isolation structure 812 has a depth that
is substantially deeper than a depth of the shallow trench isolation structures 116.

[0102] Further, deep isolation structure 812 laterally surrounds a number of portions 814 of
epitaxial layer 114. Each portion 814 of epitaxial layer 114 surrounded by deep isolation
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structure 812 includes a drain drift region 140 and a Dwell 144 of a transistor 120. Array 800
can be formed using the same steps as in method 400, excluding the steps that form structures
missing in array 800.

[0103] One of the advantages of transistor array 800 is that the minimum lateral spacing
between adjacent LDMOS transistors 120 is substantially less than the minimum lateral spacing
between adjacent LDMOS transistors 120 in array 200. For example, 40V isolation for adjacent
LDMOS transistors 120 in array 200 often requires a minimum lateral spacing of 5.65 um, but
40V isolation for adjacent LDMOS transistors 120 in array 800 can use a minimum lateral
spacing of 0.7um, which is an 88% reduction.

[0104] Accordingly, a semiconductor structure limits the lateral diffusion of dopants and the
lateral movement of charge carriers, which reduces the required amount of silicon real estate.
[0105] In one described example, a transistor array includes a semiconductor material that
has a first conductivity type. Also, the transistor array includes two or more transistor structures.
Each transistor structure has a source and a drain formed in the semiconductor material. The
source and drain have a second conductivity type. The drain is laterally spaced apart from the
source. Further, each transistor structure has a shallow trench isolation structure that is formed
in the semiconductor material. The shallow trench isolation structure touches the drain. Also,
the transistor array includes a deep isolation structure that is formed in the semiconductor
material. The deep isolation structure laterally surrounds the source and the drain of a transistor
structure in the array.

[0106] In another described example, a method of forming a semiconductor structure limits
the lateral diffusion of dopants and the lateral movement of charge carriers. The method
includes forming a buried region in a substrate. The substrate has a first conductivity type. The
buried region has a second conductivity type. The method also includes growing an epitaxial
layer on the substrate. The epitaxial layer has a top surface and the first conductivity type. The
buried region touches and lies below a portion of the epitaxial layer. Further, the method
includes forming a shallow trench isolation structure in the top surface of the epitaxial layer to
extend down into the epitaxial layer. Also, the method includes forming an inner deep trench
isolation structure in the top surface of the epitaxial layer to extend down into the epitaxial layer.
The inner deep trench isolation structure laterally surrounds the shallow trench isolation

structure. Further, the method includes forming an outer deep trench isolation structure in the
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top surface of the epitaxial layer to extend down into the epitaxial layer. The outer deep trench
isolation structure laterally surrounds the inner deep trench isolation structure. Also, the method
includes forming a doped region in the top surface of the epitaxial layer to extend down into the
epitaxial layer and touch the buried region. The doped region has the second conductivity type.
The doped region also touches the inner and outer deep trench isolation structures, and laterally
surrounds the portion of the epitaxial layer.

[0107] Modifications are possible in the described embodiments, and other embodiments are
possible, within the scope of the claims. For example, although example embodiments have
been described in terms of an LDMOS transistor, they likewise apply to other MOS based

structures.
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CLAIMS
What is claimed is:
1. A semiconductor structure, comprising;:

a substrate having a first conductivity type and a top surface;

an epitaxial layer having the first conductivity type, a bottom surface that touches the top
surface of the substrate, and a top surface;

a buried region having a second conductivity type, the buried region touching and lying
below a portion of the epitaxial layer;

a shallow trench isolation structure formed in the top surface of the epitaxial layer to
extend down into the epitaxial layer;

an inner deep trench isolation structure formed in the top surface of the epitaxial layer to
extend down into the epitaxial layer, the inner deep trench isolation structure laterally
surrounding the shallow trench isolation structure;

an outer deep trench isolation structure formed in the top surface of the epitaxial layer to
extend down into the epitaxial layer, the outer deep trench isolation structure laterally
surrounding the inner deep trench isolation structure; and

a doped region formed in the top surface of the epitaxial layer to extend down into the
epitaxial layer and touch the buried region, the doped region having the second conductivity
type, touching the inner and outer deep trench isolation structures, and laterally surrounding the
portion of the epitaxial layer.
2. The semiconductor structure of claim 1, further comprising an interface region of the
second conductivity type that touches the inner deep trench isolation structure, the inner deep
trench isolation structure laterally surrounding the interface region, the interface region having a
dopant concentration that is less than a dopant concentration of the doped region.
3. The semiconductor structure of claim 1, further comprising a channel stop region of the
first conductivity type that touches the inner deep trench isolation structure, the inner deep trench
isolation structure laterally surrounding the channel stop region.
4. The semiconductor structure of claim 1, further comprising an insulating deep trench
structure formed in the top surface of the epitaxial layer to extend down into the epitaxial layer,
the insulating deep trench structure laterally surrounding the outer deep trench isolation

structure, the insulating deep trench structure and the outer deep trench isolation structure having
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substantially equal depths.
5. The semiconductor structure of claim 1, further comprising an insulating deep trench
structure formed in the top surface of the epitaxial layer to extend down into the epitaxial layer,
the inner deep trench isolation structure laterally surrounding the insulating deep trench
structure, the insulating deep trench structure and the inner deep trench isolation structure having
substantially equal depths.
6. The semiconductor structure of claim 1, further comprising:

a source formed in the portion of the epitaxial layer, the source having the second
conductivity type; and

a drain formed in the portion of the epitaxial layer, the drain being laterally spaced apart
from the source, and having the second conductivity type, the shallow trench isolation structure
lying laterally between the source and the drain.
7. The semiconductor structure of claim 1, further comprising an interface region of the
second conductivity type that touches and laterally surrounds the outer deep trench isolation
structure, the interface region having a dopant concentration that is less than a dopant
concentration of the doped region.
8. A transistor array comprising;:

a semiconductor material having a first conductivity type;

two or more transistor structures, each transistor structure having: a source formed in the
semiconductor material, the source having a second conductivity type; and a drain formed in the
semiconductor material, the drain being laterally spaced apart from the source and having the
second conductivity type;

a shallow trench isolation structure formed in the semiconductor material, the shallow
trench isolation structure touching the drain; and

a deep isolation structure formed in the semiconductor material, the deep isolation
structure laterally surrounding the source and the drain of a transistor structure in the array.
9. The transistor array of claim 8, wherein the shallow trench isolation structure lies
laterally between the source and the drain.
10.  The transistor array of claim 9, wherein the deep isolation structure laterally surrounds

the source and the drain of each transistor structure in the array.
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11.  The transistor array of claim 10, wherein each transistor structure has a drain drift region
formed in the semiconductor material, the drain drift region touching the drain and the deep
isolation structure.

12.  The transistor array of claim 11, wherein a bottom surface of the deep isolation structure
touches a region having the first conductivity type.

13.  The transistor array of claim 12, wherein each transistor structure further has a double
diffused well formed in the semiconductor material that lies between the source and the drain.

14. The transistor array of claim 9, further comprising;:

a trench isolation structure formed in the semiconductor material, the trench isolation
structure having a depth that is substantially equal to a depth of the deep isolation structure, and
laterally surrounding the deep isolation structure;

a region of the second conductivity type that touches and lies between the deep isolation
structure and the trench isolation structure; two or more first buried regions that touch the
semiconductor material and lie below the two or more transistor structures, the two or more first
buried regions each having the second conductivity type; and

a second buried region that touches the semiconductor material and the first buried
regions and lies laterally between the first buried regions, the second buried region having the
first conductivity type and a dopant concentration that is greater than a dopant concentration of
the semiconductor material.

15. A method of forming a semiconductor structure, the method comprising;:

forming a buried region in a substrate, the substrate having a first conductivity type, the
buried region having a second conductivity type;

growing an epitaxial layer on the substrate, the epitaxial layer having a top surface and
the first conductivity type, the buried region touching and lying below a portion of the epitaxial
layer;

forming a shallow trench isolation structure in the top surface of the epitaxial layer to
extend down into the epitaxial layer;

forming an inner deep trench isolation structure in the top surface of the epitaxial layer to
extend down into the epitaxial layer, the inner deep trench isolation structure laterally

surrounding the shallow trench isolation structure;
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forming an outer deep trench isolation structure in the top surface of the epitaxial layer to
extend down into the epitaxial layer, the outer deep trench isolation structure laterally
surrounding the inner deep trench isolation structure; and

forming a doped region in the top surface of the epitaxial layer to extend down into the
epitaxial layer and touch the buried region, the doped region having the second conductivity
type, touching the inner and outer deep trench isolation structures, and laterally surrounding the
portion of the epitaxial layer.
16.  The method of claim 15, wherein a plurality of spaced-apart regions of the second
conductivity type are formed when the doped region is formed, the plurality of spaced-apart
regions of the second conductivity type being spaced apart from the doped region, touching the
inner and outer deep trench isolation structures, and lying between the inner and outer deep
trench isolation structures.
17.  The method of claim 15, wherein a region of the second conductivity type that includes
the doped region and the buried region lies completely between the portion of the epitaxial layer
and a remaining portion of the epitaxial layer.
18.  The method of claim 15, wherein the doped region has a first portion with a dopant
concentration and a second portion with a dopant concentration that is substantially less than the
dopant concentration of the first portion.
19.  The method of claim 15, further comprising forming an insulating deep trench structure
in the top surface of the epitaxial layer to extend down into the epitaxial layer, the insulating
deep trench structure laterally surrounding the outer deep trench isolation structure, the
insulating deep trench structure and the outer deep trench isolation structure having substantially
equal depths.
20.  The method of claim 15, further comprising forming an insulating deep trench structure
in the top surface of the epitaxial layer to extend down into the epitaxial layer, the inner deep
trench isolation structure laterally surrounding the insulating deep trench structure, the insulating
deep trench structure and the inner deep trench isolation structure having substantially equal

depths.
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