wO 2012/149184 A2 |[IN I 0000 00O O A

(43) International Publication Date

Organization
International Bureau

—~
é

=

\

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2012/149184 A2

1 November 2012 (01.11.2012) WIPO | PCT
(51) International Patent Classification: wood Avenue, Sunnyvale, CA 94086 (US). BHOLA, Pun-
HOI1L 29/78 (2006.01) HOIL 21/336 (2006.01) it [IN/US]; 10 Riverplace Drive, Unit 10404, South Port-
(21) International Application Number: l\a]uel f&lgﬂi (é‘trl(gg (;ii):lol—:g%ilz;’lgzt%;)- [GB/US]; 4327
PCT/US2012/035249 ’ ’ ’
. .7e . (74) Agents: FRANZ, Warren, L. et al.; Texas Instruments In-
(22) International Filing Date: 26 April 2012 (26.04.2012 corporated, Deputy General Patent Counsel, P.O.Box
pn (26.04.2012) 655474, Mail Station 3999, Dallas, TX 75265-5474 (US).
(25) Filing Language: English (81) Designated States (uniess otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,
L. AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(30) Priority Data: , CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
13/094,645 26 April 2011 (26.04.2011) UsS DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(63) Related by continuation (CON) or continuation-in-part HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(CIP) to earlier application: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
uUs 13/094,645 (CON) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
Filed on 26 April 2011 (26.04.2011) OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(71) Applicant (for all designated States except US): TEXAS TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
INSTRUMENTS INCORPORATED [US/US]; P.O.Box . o
655474, Mail Station 3999, Dallas, TX 75265-5474 (US). (84) Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
(71) Applicant (for JP only): TEXAS INSTRUMENTS JA- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
PAN LIMITED [JP/JP]; 24-1 Nishi-Shinjuku 6-chome, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
Shinjuku-ku, Tokyo, 160-8366 (JP). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV
(72) Inventors; and 2T T e s T ST L T R e e =
(75) Inventors/Applicants (for US only): FRENCH, William MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

[GB/US]; 1198 Topaz Avenue, San Jose, CA 95117 (US).
VASHCHENKO, Vladislav [RU/US]; 700 Paul Avenue,
Palo Alto, CA 94306 (US). FOOTE, Richard, Wendell
[US/US]; 109 Enchanted Court North, Burleson, TX
76028 (US). SADOVNIKOYV, Alexei [US/US]; 924 Red-

TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

[Continued on next page]

(54) Title: DMOS TRANSISTOR WITH CAVITY BELOW DRIFT REGION

300
102
124 122 1132 120
N =190 £ TOX
TOX~[ [P+[N+ i N+ 4~
——{ 12 114 N ¥ o
/) [/ v 1106
[ 1 : s I
110 126 ! AR
1104
FIG. 3

(57) Abstract: A lateral DMOS transistor (300) formed on a silicon-on-insulator (SOI) structure (102) has a higher breakdown
voltage that results from a cavity (310) that is formed in the bulk region (104) of the SOI structure. The cavity exposes a portion of
the bottom surface of the insulator layer (106) of the SOI structure that lies directly vertically below the drift region of the DMOS
transistor.
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DMOS TRANSISTOR WITH CAVITY BELOW DRIFT REGION
[0001] This relates to DMOS transistors and, more particularly, to a DMOS transistor
with a cavity that lies below the drift region.
BACKGROUND
[0002] A metal-oxide-semiconductor (MOS) transistor is a well-known device that
has heavily-doped source and drain semiconductor regions which are separated by a lightly-
doped channel semiconductor region of the opposite conductive type. The MOS transistor
also has an oxide layer that lies over the channel semiconductor region, and a metal gate that
touches the oxide layer and lies over the channel semiconductor region. In addition to metal,
the gate of a MOS transistor is also commonly formed with doped polysilicon.
[0003] A double-diffused MOS (DMOS) transistor is a power transistor that has a
large lightly-doped drain semiconductor region, known as a drift region, which touches the
channel semiconductor region and typically lies between the channel semiconductor region
and the heavily-doped drain semiconductor region. DMOS transistors are commonly formed
as vertical devices where the source and drain regions are vertically spaced apart, and as
lateral devices where the source and drain regions are horizontally spaced apart.
[0004] In operation, vertical DMOS transistors typically provide better performance
(e.g., a lower on-state drain-to-source resistance) than lateral DMOS transistors. Lateral
DMOS transistors, however, are usually much easier to fabricate and, therefore, are less
expensive to produce than vertical DMOS transistors.
[0005] FIG. 1 shows a cross-sectional diagram that illustrates an example of a
conventional lateral DMOS transistor 100. As shown in FIG. 1, DMOS transistor 100
includes a silicon-on-insulator (SOI) structure 102 that includes a bulk region 104, an

insulator layer 106 approximately 0.4um thick that covers the top surface of bulk region 104,
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and a single-crystal semiconductor region 108 approximately 0.8um thick that touches the
top surface of insulator layer 106.

[0006] In addition, SOI structure 102 includes a trench isolation structure TOX that
extends through single-crystal semiconductor region 108 to touch insulator layer 106 and
form a number of isolated regions of single-crystal semiconductor region 108. (Only one
isolated region of single-crystal semiconductor region 108 is shown for clarity.)

[0007] As further shown in FIG. 1, single-crystal semiconductor region 108 includes
a p-type well 110 that touches insulator layer 106, a p- body region 112 that touches p-type
well (and sets the threshold voltage of DMOS transistor 100), and an n- drift region 114 that
touches insulator layer 106, p-type well 110, and p- body region 112.

[0008] Single-crystal semiconductor region 108 additionally includes an n+ drain
region 120 that touches n- drift region 114 and lies spaced apart from p- body region 112, an
n+ source region 122 that touches p- body region 112 and lies spaced apart from n- drift
region 114, and a p+ contact region 124 that touches p- body region 112. Thus, n- drift
region 114 touches a doped region that includes p-type well 110, p- body region 112, and p+
contact region 124. Also, a channel region 126 of p- body region 112 lies horizontally
between and touches n- drift region 114 and n+ source region 122.

[0009] As additionally shown in FIG. 1, lateral DMOS transistor 100 further includes
a gate oxide layer 130 that touches p- body region 112 over channel region 126, and a gate
132 that touches gate oxide layer 130 over channel region 126. Gate 132 can be
implemented with metal or doped polysilicon.

[0010] In operation, a first positive voltage is placed on n+ drain region 120 and a
second positive voltage is placed on gate 132, while ground is placed on n+ source region
122 and p+ contact region 124. In response to these bias conditions, the channel region 126
of p- body region 112 inverts, and electrons flow from n+ source region 122 to n+ drain
region 120.

[0011] One important characteristic of a DMOS transistor is the breakdown voltage
BVdss of the transistor, which is the maximum off-state voltage which can be placed on n+

drain region 120 before the drift region 114-to-body region 112 junction breaks down, or
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insulator layer 106 breaks down, whichever is lower. Since DMOS transistors are power
transistors, there is a need to handle larger voltages and, thereby, a need to increase the
breakdown voltage BVdss of the transistor.

[0012] U.S. Patent 6,703,684 to Udrea et al teaches that the breakdown voltage
BVdss of a lateral DMOS transistor can be increased by removing the portion of bulk region
104 that lies below the DMOS transistor. FIG. 2 shows a cross-sectional diagram that
illustrates an example of a conventional Udrea DMOS transistor 200.

[0013] Udrea DMOS transistor 200 is similar to DMOS transistor 100 and, as a
result, utilizes the same reference numerals to designate the structures that are common to
both DMOS transistors. As shown in FIG. 2, Udrea DMOS transistor 200 differs from
DMOS transistor 100 in that Udrea DMOS transistor 200 has a backside opening 210 that
extends through bulk region 104 to expose the portion of insulator layer 106 that lies below
DMOS transistor 200.

[0014] However, although Udrea transistor 200 increases the breakdown voltage
BVdss of the transistor, backside trench etching significantly complicates the process flow,
requires thick SOI wafers for the etch to stop on, and may require large capital outlays to
purchase the equipment required for the process flow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a cross-sectional diagram illustrating an example of a conventional
lateral DMOS transistor 100.

[0016] FIG. 2 is a cross-sectional diagram illustrating an example of a conventional
Udrea DMOS transistor 200.

[0017] FIG. 3 is a cross-sectional diagram illustrating an example of a DMOS
transistor 300 in accordance with the present invention.

[0018] FIG. 4 is a graph further illustrating the operation of DMOS transistor 300 in
accordance with the present invention.

[0019] FIGS. 5A-5C through 19A-19C are views illustrating a method of forming a
DMOS transistor in accordance with the present invention. FIGS. 5A-19A are plan views.

FIGS. 5B-19B are cross-sectional views taken along lines 5B-5B through 19B-19B of FIGS.
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5A-19A. FIGS. 5C-19C are cross-sectional views taken along lines 5C-5C through 19C-19C
of FIGS. 5A-19A.

[0020] FIG. 20 is a cross-sectional diagram illustrating an example of a DMOS
transistor 2000 in accordance with an alternate embodiment of the present invention.

[0021] FIGS. 21A-21B are graphs further illustrating the operation of DMOS
transistor 2000 in accordance with the present invention.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0022] FIG. 3 shows a cross-sectional diagram that illustrates an example of a DMOS
transistor 300 in accordance with the present invention. As described in greater detail below,
the breakdown voltage BVdss of DMOS transistor 300 is increased by forming a cavity in
the bulk region of an SOI structure.

[0023] DMOS transistor 300 is similar to DMOS transistor 100 and, as a result,
utilizes the same reference numerals to designate the structures which are common to both
transistors. As shown in FIG. 3, DMOS transistor 300 differs from DMOS transistor 100 in
that DMOS transistor 300 has a cavity 310 in bulk region 104 that exposes a portion of the
bottom surface of insulator layer 106. The portion of the bottom surface of insulator layer
106, in turn, lies directly vertically below n- drift region 114.

[0024] Cavity 310 is a single region that has a depth D and, in the FIG. 3 example, a
portion that lies directly vertically beneath a portion of gate 132. Alternately, no portion of
cavity 310 can lie directly vertically below any portion of gate 132. As described, DMOS
transistor 300 includes a lateral pn diode (p- body region 112 and n- drift region 114) and a
vertically isolated field plate.

[0025] DMOS transistor 300 operates the same as DMOS transistor 100, except that
when a voltage is applied to n+ drain region 120, the vertical component of the electric field
across insulator layer 106 induces a space charge depletion region across n- drift region 114
and insulator layer 106 as a result of the RESURF (REducedSURfaceField) principle which,
in turn, lowers the lateral electric field. The lowered lateral electric field increases the
breakdown voltage BVdss of DMOS transistor 300 which, in turn, allows DMOS transistor

300 to operate with higher drain voltage levels.



WO 2012/149184 PCT/US2012/035249

[0026] FIG. 4 shows a graph that further illustrates the operation of DMOS transistor
300 in accordance with the present invention. The graph compares a simulated breakdown
voltage BVdss versus the depth D of cavity 310 of DMOS transistor 300. As shown in FIG.
4, with the correct depth D of cavity 310, a breakdown voltage BVdss in excess of 700V can
be realized.

[0027] In addition, FIG. 4 also illustrates the relationship between the on-state drain-
to-source resistance rpgiony of DMOS transistor 300 and the depth D of cavity 310. As
further shown in FIG. 4, the on-state drain-to-source resistance rpgon rises generally linearly
as the depth D of cavity 310 increases. DMOS transistors are power transistors and, as a
result, can pass large currents when turned on. As a result, a low on-state drain-to-source
resistance rpgion) of the transistor is an important factor.

[0028] Further, silicon, oxide, and air (in cavity 310) have very different dielectric
constants (e.g., 11.9, 3.9, and 1.0, respectively). The lower the value, the more electric field
lines are drawn to that region. However, as the depth D of cavity 310 increases, fewer
electric field lines can be drawn to the region. The lower the diclectric constant, the better it
is for this effect.

[0029] When the depth D of cavity 310 is very large, the potential lines freely spread
into cavity 310, and the thickness of insulator layer 106 no longer limits the breakdown
voltage BVdss. As aresult, the doping of n- drift region 114 should be greatly reduced when
the depth D of cavity 310 is very large.

[0030] In the FIG. 4 example, a DMOS transistor with a breakdown voltage BVdss in
excess of 700V and a low on-state drain-to-source resistance rpgion) can be realized (with
insulator layer 106 approximately 0.4um thick and semiconductor region 108 approximately
0.8um thick) when cavity 310 has a depth D of approximately 1.5um.

[0031] FIGS. 5A-5C through 19A-19C show views that illustrate a method of
forming a DMOS transistor in accordance with the present invention. FIGS. 5A-19A are
plan views, while FIGS. 5B-19B are cross-sectional views taken along lines 5B-5B through
19B-19B of FIGS. 5A-19A, and FIGS. 5C-19C are cross-sectional views taken along lines
5C-5C through 19C-19C of FIGS. 5A-19A.
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[0032] As shown in FIGS. 5A-5C, the method utilizes a conventionally-formed SOI
wafer 502 that includes a bulk region 504 approximately 750um thick, an insulator layer 506
approximately 0.4pum thick that covers the top surface of bulk region 504, and a single-
crystal semiconductor region 510 approximately 0.45um thick that touches the top surface of
insulator layer 506.

[0033] In addition, SOI wafer 502 includes a trench isolation structure TOX that
extends through single-crystal semiconductor region 510 to touch insulator layer 506 and
form a number of isolated regions of single-crystal semiconductor region 510. (Only one
isolated region of single-crystal semiconductor region 510 is shown for clarity.)

[0034] As further shown in FIGS. 5A-5C, the method begins by depositing a layer of
pad oxide 512 onto single-crystal semiconductor region 510, such as by low-pressure
chemical vapor deposition (LPCVD), followed by the deposition of a layer of silicon nitride
514 onto pad oxide layer 512 by, for example, LPCVD.

[0035] After this, a patterned photoresist layer 516 is formed on the top surface of
silicon nitride layer 514. Patterned photoresist layer 516 is formed in a conventional manner,
which includes depositing a layer of photoresist, and projecting a light through a patterned
black/clear glass plate known as a mask to form a patterned image on the layer of photoresist.
The light softens the photoresist regions exposed to the light. Following this, the softened
photoresist regions are removed.

[0036] As shown in FIGS. 6A-6C, after patterned photoresist layer 516 has been
formed, the exposed regions of silicon nitride layer 514 and pad oxide layer 512 are
anisotropically etched in a conventional manner to expose regions on the surface of single-
crystal semiconductor region 510, and thereby form a patterned hard mask 520. Thus,
patterned hard mask 520 has a pattern that is defined by the etch of silicon nitride layer 514
and pad oxide layer 512. After the etch, patterned photoresist layer 516 is removed in a
conventional manner.

[0037] As shown in FIGS. 7A-7C, after hard mask 520 has been formed, the exposed
regions of single-crystal semiconductor region 510 and insulator layer 506 are anisotropically

dry etched to form a number of openings 522 that each expose the top surface of bulk region
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504. The openings 522 can extend through regions of single-crystal semiconductor region
510 that will subsequently be implanted to form a lightly-doped drift region, and thereby act
as lateral RESUREF regions, or a heavily-doped region. The openings 522 can alternately be
formed through trench isolation structure TOX.

[0038] Next, as shown in FIGS. 8A-8C, SOI wafer 502 is oxidized to form an oxide
layer 524 on the silicon surfaces exposed by the etch. Following this, a layer of silicon
nitride is conventionally deposited. The silicon nitride layer and oxide layer 524 are then
anisotropically etched back in a conventional manner to expose the top surface of bulk region
504, and form side wall spacers 526 that line the side walls of the openings 522.

[0039] As shown in FIGS. 9A-9C, after the side wall spacers 526 have been formed,
SOI wafer 502 is wet etched in a conventional manner with an etchant that is selective to
silicon to form a cavity 530 in bulk region 504. In addition, the bottom surface of cavity 530
between adjacent openings 522 has peaks 532 that result from using a wet isotropic etch.
The density of the openings 522 should be placed so as to minimize the height of the peaks
532.

[0040] As additionally shown in FIG. 9B, cavity 530 extends under a transistor
portion 534 of single-crystal semiconductor region 510 and the underlying portion of
insulator layer 506. Once cavity 530 has been formed, silicon nitride layer 514 and the
nitride portion of the side wall spacers 526 are removed with a conventional process.

[0041] Following the removal of silicon nitride layer 514 and the nitride portion of
the side wall spacers 526, as shown in FIGS. 10A-10C, a layer of capping oxide 536 is
deposited on pad oxide layer 512 by, for example, chemical vapor deposition. As further
shown in FIGS. 10A-10C, capping oxide layer 536 covers, but does not fill, the openings
522.

[0042] Next, as shown in FIGS. 11A-11C, SOI wafer 502 is planarized in a
conventional manner to remove pad oxide layer 512 and the portions of capping oxide layer
536 that lie above the top surface of single-crystal semiconductor region 510 to expose the

top surface of single-crystal semiconductor region 510.
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[0043] For example, a planarizing material can first be deposited on capping oxide
layer 536 to form a flat surface. After this, SOI wafer 502 can be wet etched with an etchant
that etches the planarizing material and the oxide (capping oxide layer 536 and pad oxide
layer 512) at substantially the same rate. The etch continues until the top surface of single-
crystal semiconductor region 510 has been exposed.

[0044] Chemical-mechanical polishing can alternately be used to remove an upper
portion of the oxide, but is unlikely to be used to expose the top surface of single-crystal
semiconductor region 510 unless chemical-mechanical polishing can be performed without
damaging the top surface of single-crystal semiconductor region 510.

[0045] In addition, as further shown in FIGS. 11A-11C, the planarization forms oxide
plugs 540. Following the planarization and the exposure of the top surface of single-crystal
semiconductor region 510, as shown in FIGS. 12A-12C, a p-type dopant, such as boron, is
blanket implanted into the top surface of single-crystal semiconductor region 510 to set the
dopant concentration of a to-be-formed p-type well region. The blanket implant can
alternately be performed before SOI wafer 502 is planarized.

[0046] Next, as shown in FIGS. 13A-13C, a non-conductive layer 542, such as a gate
oxide, is formed on the top surface of single-crystal semiconductor region 510. Following
the formation of non-conductive layer 542, a polysilicon layer 544 is formed to touch gate
oxide layer 542.

[0047] Once polysilicon layer 544 has been formed, polysilicon layer 544 is doped
using, for example, an n-type blanket implant with a dose of 1.79x10'® atoms/cm’ and an
implant energy of 30KeV. After this, a patterned photoresist layer 546 is formed on
polysilicon layer 544 in a conventional manner.

[0048] Next, as shown in FIGS. 14A-14C, the exposed regions of polysilicon layer
544 are etched away in a conventional manner to form a gate 550. Patterned photoresist
layer 546 is then removed using conventional steps. After this, as shown in FIGS. 15A-15C,
a patterned photoresist layer 552 is formed over single-crystal semiconductor region 510 in a

conventional manner.
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[0049] Next, an n-type dopant, such as phosphorous, is implanted into the top surface
of single-crystal semiconductor region 510 to form an n- drift region 554 and, thereby, also
form a p-type well region 556. For example, n- drift region 554 can have a dopant
concentration of approximately 1x10'® atoms/cm’, and a length of approximately 30-50um.
Doping decreases as the depth D of cavity 530 increases.

[0050] N- drift region 554 can alternately be formed to have a graded dopant
concentration by using multiple patterned photoresist layers. For example, the region of n-
drift region 554 closest to gate 550 can have a dopant concentration of approximately 8x10"
atoms/cm’ that increases linearly to approximately 3x10'° atoms/cm’ in the region that lies
furthest from gate 550. Patterned photoresist layer 552 is then removed in a conventional
manner.

[0051] Following the removal of patterned photoresist layer 552, as shown in FIGS.
16A-16C, a patterned photoresist layer 560 is formed over single-crystal semiconductor
region 510 in a conventional manner. Next, an n-type dopant, such as arsenic, is implanted
into the top surface of single-crystal semiconductor region 510 to form an n+ source region
562 and an n+ drain region 564. For example, the n+ source and drain regions 562 and 564
can have a dopant concentration of 1x10'® atoms/cm’. Patterned photoresist layer 560 is then
removed in a conventional manner.

[0052] Following the removal of patterned photoresist layer 560, as shown in FIGS.
17A-17C, a patterned photoresist layer 566 is formed over single-crystal semiconductor
region 510 in a conventional manner. Next, a p-type dopant, such as boron, is implanted into
the top surface of single-crystal semiconductor region 510 at an angle to form a p- body
region 568. The implant sets the threshold voltage of the to-be-formed DMOS transistor.
Patterned photoresist layer 566 is then removed in a conventional manner.

[0053] Following the removal of patterned photoresist layer 566, as shown in FIGS.
18A-18C, a patterned photoresist layer 569 is formed over single-crystal semiconductor
region 510 in a conventional manner. Next, a p-type dopant, such as boron, is implanted into

the top surface of single-crystal semiconductor region 510 to form a p+ contact region 570
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that touches p- body region 568. For example, p+ contact region 570 can have a dopant
concentration of 1x10"® atoms/cm’.

[0054] Thus, n- drift region 554 touches a doped region that includes p-type well
region 556, p- body region 568, and p+ contact region 570. Also, a channel region 572 of p-
body region 568 lies horizontally between and touches n- drift region 554 and n+ source
region 562. (Additional vertical p-type implants can be made, such as to form a deep p-type
region in p- body region 568 that lies below n+ source region 562 and p+ contact region 570,
in the same manner described above, i.¢., form mask, implant, remove mask, to further tailor
the p-type region.)

[0055] Following this, as shown in FIGS. 19A-19C, patterned photoresist layer 569 is
removed in a conventional manner. A conventional rapid thermal process is used to drive in
and activate the implants. (The implants can alternately be driven in and activated multiple
times, such as after each implant.) Once the implants have been driven in and activated, the
method continues with conventional back end processing steps to complete the formation of
the DMOS transistor.

[0056] Thus, a method of forming a lateral DMOS transistor with a cavity 530 in a
SOI wafer 502 has been disclosed. The method forms the cavity 530 by selectively etching a
number of openings through the single-crystal semiconductor region 510 and the insulator
layer 506 to expose a corresponding number of regions on bulk region 504 of the SOI wafer
502.

[0057] The method also forms a number of side wall spacers to touch the side walls
of the number of openings 522, and wet etches bulk region 504 through the number of
openings 522 to form a single cavity 530 that lies below each of the openings 522. Once the
cavity 530 has been formed, the method also forms a number of plugs 540 that plug the
openings 522.

[0058] FIG. 20 shows a cross-sectional diagram that illustrates an example of a
DMOS transistor 2000 in accordance with the present invention. DMOS transistor 2000 is
similar to DMOS transistor 300 and, as a result, utilizes the same reference numerals to

designate the structures which are common to both transistors.
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[0059] As shown in FIG. 20, DMOS transistor 2000 differs from DMOS transistor
300 in that DMOS transistor 2000 utilizes an n- drift region 2010 in lieu of n- drift region
114. N- drift region 2010, in turn, is thinner than n- drift region 114, thereby allowing a
portion of p-type well region 110 to lie below n- drift region 2010.

[0060] In addition, cavity 310 is also shorter such that the edge of cavity 310 that lies
closest to gate 132 is horizontally spaced apart from a vertical line that lies coincident with
the edge of gate 132 that lies closest to cavity 310 by a horizontal separation distance Xson.
In this case, cavity 310 lies directly vertically below less than all of drift region 2010.

[0061] DMOS transistor 2000 operates the same as DMOS transistor 300, except that
the depletion region across the junction between n- drift region 2010 and the portion of p-
type well region 110 that lies below n- drift region 2010 substantially covers n- drift region
114, along with a portion of p-type well region 110 that lies below n- drift region 114.

[0062] DMOS transistor 2000 can be formed by implanting single-crystal
semiconductor region 510 with a p-type dopant to have a dopant concentration of
approximately 2.5x10" atoms/cm’, and then growing an n-type epitaxial layer on the top
surface of single-crystal semiconductor region 510 before the trench isolation region TOX is
formed.

[0063] In addition, fewer openings 522 are formed to shorten the length of cavity 530
when bulk region 504 is wet etched. Also, when n- drift region 2010 is subsequently formed,
n- drift region 2010 is formed with a lower implant energy to have a dopant concentration of
approximately 3.0x10" atoms/cm’.

[0064] FIGS. 21A and 21B show graphs that further illustrates the operation of
DMOS transistor 2000 in accordance with the present invention. The graph in FIG. 21A
compares the simulated breakdown voltage BVdss versus the depth D of cavity 310 of
DMOS transistor 2000. As shown in FIG. 21A, with the correct depth D of cavity 310, a
breakdown voltage BVdss of approximately 600V can be realized.

[0065] The graph in FIG. 21B compares the simulated breakdown voltage BVdss
versus the horizontal separation distance Xson (measured between the edge of gate 132 and

the edge of cavity 310. As shown in FIG. 21B, the highest breakdown voltage can be

-11-
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realized when a small horizontal separation exists between the edge of gate 132 and the edge
of cavity 310.

[0066] In the FIG. 20 example, a DMOS transistor with a breakdown voltage BVdss
of approximately 600V can be realized (with an insulator layer 106 approximately 1.0um
thick, an n- drift region 2010 approximately 2.25um thick, and a p-type well region 110
directly below n- drift region 2010 approximately 2.2um thick when cavity 310 has a depth
D of approximately 14um. Thus, although DMOS transistor 2000 has a slightly lower
breakdown voltage BVdss than DMOS transistor 300, the depth D of cavity 310 in DMOS
transistor 2000 is substantially larger.

[0067] Those skilled in the art to which the invention relates will appreciate that
modifications may be made to the described embodiments, and also that many other

embodiments are possible, without departing from the scope of the claimed invention.

-12-
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CLAIMS

What is claimed is:

1. A DMOS transistor, comprising:
a silicon-on-insulator (SOI) structure having:
a bulk region having a top surface;
an insulator layer that touches the top surface of the bulk region, the insulator
layer having a top surface and a bottom surface; and
a single-crystal semiconductor region that touches the top surface of the
insulator layer, the single-crystal semiconductor region having:
a doped region of a first conductivity type that touches the insulator
layer;
a drift region of a second conductivity type that touches the insulator
layer; and
a cavity within the bulk region that exposes a portion of the bottom surface of
the insulator layer, the portion of the bottom surface of the insulator layer lying directly

vertically below the drift region.

2. The transistor of claim 1:
wherein the single-crystal semiconductor region further has:
a drain region of the second conductivity type that touches the drift region and
lies spaced apart from the doped region; and
a source region of the second conductivity type that touches the doped region
and lies spaced apart from the drift region;
and further comprising a channel region of the doped region that lies horizontally

between and touches the drift region and the source region.

3. The DMOS transistor of claim 2, wherein the doped region includes:

a well region that touches the insulator layer;

13-
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a body region having a dopant concentration greater than the well region, the body
region touching the well region and including the channel region; and
a contact region having a dopant concentration greater than the body region, the

contact region touching the body region.

4. The DMOS transistor of claim 2, further comprising:
a non-conductive layer that touches and lies over the channel region; and

a gate that touches the non-conductive layer and lies over the channel region.

5. The DMOS transistor of claim 4, wherein the drift region touches the insulator layer.

6. The DMOS transistor of claim 4, wherein the doped region lies vertically between the

drift region and the insulator layer.

7. The DMOS transistor of claim 4, wherein the cavity lies directly vertically below a
portion of the gate.

8. The DMOS transistor of claim 4, wherein no portion of the cavity lies directly
vertically below any portion of the gate.

9. The DMOS transistor of claim 8, wherein an edge of the cavity that lies closest to the
gate 1s horizontally spaced apart from a vertical line that lies coincident with an edge of the

gate that lies closest to the cavity.

10. A method of forming a DMOS transistor comprising:

selectively etching a plurality of openings through a single-crystal semiconductor
region and an insulator layer to expose a corresponding plurality of regions on a bulk region
of a silicon-on-insulator (SOI) structure, the plurality of openings having a plurality of side

walls;
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forming a plurality of side wall spacers that touch the plurality of side walls of the
plurality of openings; and
wet etching the bulk region through the plurality of openings to form a single cavity

that lies below each of the openings.

11.  The method of claim 10, further comprising forming a plurality of non-conductive

plugs that plug the plurality of openings.

12.  The method of claim 10, further comprising forming a doped region of a first
conductivity type and a drift region of a second conductivity type, the doped region touching

the insulator layer, the drift region touching the body region.

13.  The method of claim 12, wherein the cavity lies directly below all of the drift region.

14.  The method of claim 12, wherein the cavity lies directly below less than all of the

drift region.

15.  The method of claim 12, further comprising forming source and drain regions of the
second conductivity type, the source region touching the doped region and being spaced apart
from the drift region, the drain region touching the drift region and being spaced apart from

the doped region.
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