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SELF-ALIGNED COMPLEMENTARY LDMOS

CROSS REFERENCE TO RELATED APPLICATIONS
[0061] This application claims the benefit of provisional application serial no,

60/788.,874 filed on April 3, 2006, and is incorporated herein by reference.

FIELD OF THE INVENTION
{0062] This invention relates to semiconductor devices, and more specifically to

LDMOS devices.

BACKGROUND OF THE INVENTION

[6003}] In MOS power devices, such as a lateral double-diffusion metal-oxide
semiconductor (LDMOS) device, there is generally a tradeoff between three factors:
breakdown voltage (BVdss), on-state resistance (Rdson), and safe operating area
(SOA), wherein BVdss and Rdson have a conﬂictiﬁg relationship (e.g., an increase in
BVdss results in a higher Rdson), BVdss and SOA aid each other (e.g., an increase in
BVdss results in a farger SOA), and Rdson and SOA may have a conflicting or aiding
relationship. The BVdss may be increased by spacing the drain region from the gate,
thus forming a drift region. Such a drift region, however, increases the Rdson, which
in conventional devices is proportional to the pitch between the drain and the source.
Therefore, in conventional devices raising the BVdss in a device design will increase
the Rdson.

[0004] Therefore what is needed is a LDMOS device that has a combination of a

higher BVdss, lower Rdson, and higher SOA then conventional devices.

SUMMARY OF THE INVENTION

[0005] An embodiment of the present invention provides a self~aligned LDMOS
device having a gate with a gate oxide, and an oxide spacer on a source side of said
gate, a source region having a tap and a source spacer embedded in a source well, the
tap being aligned with an edge of the oxide spacer and the source spacer being aligned

with the edge of the gate polysilicon such that the source spacer is fully under the
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oxide spacer, and a drain region situated opposite to the source side of said gate, the
drain region having a drain embedded in a drain well.

[0006] In one form, the invention comprises a self-aligned LDMOS device having a
gate situated on a high voltage well, the gate having a gate oxide on the high voltage
well and a polysilicon layer on the gate oxide, a source region in the high voltage well
on a source side of said gate, a drain region in the high voltage well on a drain side of
said gate, and wherein the gate oxide is thick on the drain side of said gate.

[0007]  An embodiment of the invention is a method of forming a self-aligned
LDMOS device by providing a high voltage well with an oxide layer and a
pelysilicon layer, etching the oxide layer and the polysiticon layer to form a source
region, a drain region and a gate region with a gate therebetween, forming a source
well in the source region of'the high voltage well and a drain well in the drain region
of the high voltage well, implanting a source body in the source region extending
from the source well under the gate, implanting a source in the source well, and
forming an oxide spacer over the source an adjacent the gate such that the oxide

spacer fully covers the source.

BRIEF DESCRIPTION OF THE DRAWINGS

[0068] The features and advantages of this invention, and the manner of attaining
them, will become apparent and be better understood by reference to the following
description of the various embodiments of the invention in conjunction with the
accompanying drawings, wherein:

[0009] FIG. 1is a diagrammatical view of a multi-gated self-aligned N channel
LDMOS device according to an embodiment of the present invention;

[0010] FIG. 2 is the N channel LDMOS device of FIG. 1 with a split gate oxide;
[0611} FIG. 3 is a diagrammatical view of a multi-gated self-aligned P channel
LDMOS device according to an embodiment of the present invention which is
complementary to the N channel LDMOS device shown in FIG. I;

(06012} FIG. 4 is the P channel LDMOS device of FIG. 3 with a split gate oxide;
[0013] FIG. 5 is a diagrammatical view of a multi-gated self-aligned N channel
LDMOS device according to another embodiment of the present invention;

{0014] FIG. 6 is the N channel LDMOS device of FIG. 5 with a split gate oxide;
[0015] FIG. 7 is a diagrammatical view of a multi-gated self-aligned N channel

L.DMOS device according to still another embodiment of the present invention;
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{0616] FIG. 8 is the N channel LDMOS device of FIG, 5 with a split gate oxide;
[0017] FIG. 9 is a diagrammatical view of a multi-gated self-aligned P channel
LDMOS device according to another embodiment of the present invention;

[0018] FIG. 10 is the P channel LDMOS device of FIG. 9 with a split gate oxide;
[0019] FIG. 11 is a diagrammatical view of a multi-gated self-aligned P channel
LDMOS device according to still another embodiment of the present invention;
{0020} FIG. 12 is the P channel LDMOS device of FIG. 11 with a split gate oxide;
[6021] FIG. 13 is a diagrammatical view of a multi-gated self-aligned P channel
LDMOS device according to yet another embodiment of the present invention,;
[0022] FIG. 14 is the P channel LDMOS device of FIG. 13 with a split gate oxide;
[0023] FIG. 15 is a diagrammatical view of a first step in creating the N channel
LDMOS device of FIG. 1;

[0024] FIG. 16 is a diagrammatical view of a first step in creating the N channel
LDMOS device of FIG. 2;

[0025] FIG. 17 is a diagrammatical view of a first step in creating the P channel
LDMOS device of FIG. 3;

[0626]) FIG. 18 is a diagrammatical view of a first step in creating the P channel
LDMOS device of FIG. 4;

10027)  FIG. 19 is a diagrammatical view of a later step in creating the N channel
LDMOS device of FIG. 1;

(0028] FIG. 20 is a diagrammatical view of a later step in creating the N channel
LDMOS device of FIG. 2;

[0029] FIG. 21 is a diagrammatical view of a later step in creating the P channel
LDMOS device of FIG. 3;

[0030] FIG. 22 is a diagrammatical view of a later step in creating the P channel
LDMOS device of FIG. 4;

[0031] FIG. 23 is a diagrammatical view of a still later step in creating the N
channel LDMOS device of FIG. 1;

{0032] FIG. 24 is a diagrammatical view of a still later step in creating the N
channel LDMOS device of FIG. 2;

[0033] F1G. 25 is a diagrammatical view of a still later step in creating the P channel
LDMOS device of FIG. 3;

[0034] FIG. 26 is a diagrammatical view of a still later step in creating the P channel
LDMOS device of FIG. 4,



WO 2007/118060 PCT/US2007/065822

[0035] FIG. 27 is a diagranunatical view of a still later step in creating the N
channel LDMOS device of FIG. 1;

{0036} FIG. 28 is a diagrammatical view of a still later step in creating the N
channei LDMOS device of FIG. 2;

{0037} FIG. 29 is a diagrammatical view of a still later step in creating the P channel
LDMOS device of FIG. 3;

[0038] FIG. 30 is a diagrammatical view of a still later step in creating the P channel
LDMOS device of FIG. 4;

[0039] FIG. 31 is a diagrammatical view of a still later step in creating the N
channel LDMOS device of FIG. |
[0040] FIG. 32 is a diagrammatical view of a still later step in creating the N
channei LDMOS device of FIG. 2;

[0841] FIG. 33 is a diagrammatical view of a still later step in creating the P channel
L.DBMOS device of FIG. 3;

[0042] FIG. 34 is a diagrammatical view of a still later step in creating the P channel
LDMOS device of FIG. 4
[0043] FIG. 35 is a diagrammatical view of a fabricated N channel LDMOS device
according to an embodiment of the present invention;

[0044] FIGs. 36A, 36B and 36C are measured data of a first fabricated N channel
LDMOS device shown in FIG. 35; and
[0045] FiGs. 37A, 37B and 37C are measured data of a second fabricated N channel
LDMOS device shown in FIG. 35.

10046] It will be appreciated that for purposes of clarity, and where deemed
appropriate, reference numerals have been repeated in the figures to indicate
corresponding features. Also, the relative size of various objects in the drawings has
in some cases been distorted to more clearly show the invention. The examples set
out herein illustrate several embodiments of the invention but should not be construed

as limiting the scope of the invention in any manner,

DETAILED DESCRIPTION

[0047] Referring to FIG. 1, there is shown an n-type embodiment 50 of a fully self-
aligned complementary LDMOS device according to one embodiment of the present
invention. As shown in FIG. 1 the LDMOS device 50 is a multiple gate device. The
LNDMOS 50 includes a source 52, three gates 54, 56, and 58 each having a thick gate

o -
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oxide 60, and a drain 62. The gate 56 is between the source 52 and the drain 62,
while the gate 54 is on the opposite side of the source 52, and the gate 58 is on the
opposite side of the drain 62. The source 52 and drain 62 are formed in a high voltage
HV NWELL 64. Under the HV NWELL 64 may be another layer 66 which may be
an N buried layer or an N isolation layer, built in a P type substrate, depending on the
use of the LDMOS 50, such as whether the LDMOS 50 is integrated in a Jow voltage
CMOS platform and if the LDMOS 50 is subjected to relatively high voltages from
the source and drain to the substrate compared to lower voltage devices or LDMOS
device 50 with isolated performance requirements in an integrated circuit. |

[06048] As shown in FIG. I the gate 54 has a right sidewall oxide 68, the gate 56 has
a left (on its source side) sidewall oxide 70, and a right (on its drain side) sidewall
oxide 72, and the gate 58 has a left sidewall oxide 74. The source 52 has a silicide
layer 76 with a contact 80 to a metal layer 82 on top of a P+ tap 78. The P+ tap 78
forms a source region enclosed below and on most of its sides by a P well 84 which
extends downward info the HV NWELL 64. The portion of the sides of the P+ tap 78
not enclosed by the P well 84 makes contact with two N+ source spacers 86 and 88,
the N+ source spacer 86 filling the gap between the top of the HV NWELL 64 and the
vertical projection of the right side of the gate 54, and the N+ source spacer 88 filling
the gap between the top of the HV NWELL 64 and the vertical projection of the left
side of the gate 56. The N+ source spacers 86 and 88 extend from the top surface of
the HV NWELL 64 downward to just below the top edge of the P+ tap 78. Extending
vertically from the upper sides of the HV NWELL 64 to the top surface of the HV
NWELL 64 and laterally to under the gate oxides 60 of the gates 54 and 56 are two P
bodies 90 and 92, respectively.

[0049]  The relatively small and shallow N+ source spacers 86, 88 are self aligned to
the gate poly and are only under the sidewall oxide spacers 68, 70. The P+tap 78 is a
very large percentage of the source area and is self aligned to the sidewall oxide
spacers 68, 70, and together with the N+ source spacers 86, 88 lie inside the P well 84
provide a large SOA, low leakage, and small device size. Moreover, The effective
channel length 112 is controlled by the angle implant and fateral diffusion of the P
bodies 90, 92 during the gate seal oxidation. The threshold voltage (V1) is controlled
by the effective channel region 112 and the P body 90,92. The short effective channel
length 112 provides for low channel resistance. As a result the gate poly length 110

can be the minimum design feature dimension.

-5



WO 2007/118060 PCT/US2007/065822

[0050] The drain 62 has a silicide layer 100 with a contact 102 to a metal layer 104
on top of an N+ drain region 106. Below and on the sides of the N+ drain region 106
is an N well 108 which has a higher dopant concentration than the HY NWELL 64.
The N well 108 extends laterally to under the sidewall oxides 72 and 74. The deep N
well108 in the drain 62 causes current flow deep in the HV NWELL 64 to reduce the
drain region electric field.

[0651] The gate length (Lg) is indicated by reference number 110, and the effective
channel region is the region 112,

[0052] The BVdss of the device 50 is less than the gate oxide breakdown voltage,
and therefore restricts the lower limit of the thick gate oxide. For example, in one
embodiment of the present invention a gate oxide thickness of 400A restricts the
BVdss to about 45 volts.

[6053] FIG. 2 a split gate oxide N channel LDMOS device 110 which is the N
channel LDMOS device 50 of FIG. | with the split gate oxides 112 having a thinner
portion 114 on the source side of the gates 54, 56, and a thicker portion 116 on the
drain side of the gates 56, 58. Region 118 is the effective channel of the split gate
oxide 112, and reference number 119 indicates the length of the drift region of the
LDMOS device 114,

[0054] 1In general the thick gate oxide device of FI1G.1 is used for high voltage
devices, while the split gate oxide device of FIG. 2 is used for low voltage devices.
The BVdss is related to the drift region 119 and the thick portion 116 of the split gate
oxide 112, Moreover, the thick portion 116 reduces the electric field crowding of the
drain side of the gate 56 which reduces the drain depletion region and reduces the
punch-through voltage.

(6055} If the threshold voltage of the thick portion 116 of the split gate oxide 112
(Vta} is related to the surface accumulation layer of the drift region 119, and if the
gate to source voltage (Vgs) can be controlled to be equal or greater than Vta, then the
resistance of the drift region 119 can be significantly reduced due to the surface
accumulation layer on the top of the drift region 119. Thus, under these conditions
the upper limit of the thickness of the thick portion 116 of the split gate oxide 112.
For example with a thick gate oxide thickness of 400A the Vta is about 2 volts while
the Vtof'a 115A thin portion 114 of the gate oxide 112 is about 0.9 volts.

[0056] FIG. 3 is a diagrammatical view of a multi-gated self-aligned P channel

LDMOS device 120 according to an embodiment of the present invention which is

-6 -
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complementary to the N channel LDMOS device shown in FIG. 1. The P channel
LDMOS device 120 includes a source 122, three gates 124, 126, and 128 each having
a gate oxide 130, and a drain 132. The gate 126 is between the source 122 and the
drain 132, while the gate 124 is on the opposite side of the source 122, and the gate
128 is on the opposite side of the drain 132, The source 122 and drain 132 are formed
in a high voltage HV PWELL 134. Under the HV PWELL 134 may be another layer
66 which may be an N buried layer or an N isolation layer depending on the use of the
LDMOS 120, such as whether the LDMOS 120 is integrated in a low voltage CMOS
platform and if the LDMOS 120 is sabjected to relatively high voltages from the
source and drain to the substrate compared to lower voltage devices in an integrated
circuit.

[0057]  As shown in FIG. 3 the gate 124 has a right sidewall oxide 138, the gate 126
has a left (on its source side) sidewall oxide 140, and a right (on its drain side)
sidewall oxide 142, and the gate 128 has a left sidewall oxide 144. The source 122
has a silicide layer 146 with a contact 150 to a metal layer 152 on top of an N+ tap
148. The N+ tap 148 forms a source region enclosed below and on most of its sides
by an N well 154 which extends downward into the HV PWELL 134. The portion of
the sides of the N+ tap 148 not enclosed by the N well 154 makes contact with two P+
source spacers 156 and 158, the P+ source spacer 156 filling the gap between the top
of the HV PWELL 134 and the vertical projection of the right side of the gate 124,
and the P+ source spacer 158 filling the gap between the top of the HV PWELL 134
and the vertical projection of the left side of the gate 126. The P+ source spacers 156
and 158 extend from the top surface of the HV PWELL 134 downward to just below
the top edge of the N+ tap 148. Extending vertically from the upper sides of the N+
tap 148 to the top surface of the HV PWELL 134 and laterally to under the gate
oxides 130 of the gates 124 and 126 are two N bodies 160 and 162, respectively.
[0058] The drain 132 has a silicide layer 170 with a contact 172 to a metal layer 174
on top of a P+ drain region 176. Below and on the sides of the P+ drain region 176 is
a P well 178 which has a higher dopant concentration than the HV PWELL 134, The
P well 178 extends laterally to under the sidewall oxides 142 and 144,

[0659] FIG. 4 is a split gate oxide P channel LDMOS device 180 which is the P
channel LDMOS device 120 of FIG. 3 with a split gate oxides 182 having a thinner
portion 184 on the source side of the gates 124, 126, and a thicker portion 186 on the

drain side of the gates 126, 128.
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[0060] FIG. 5 is a diagrammatical view of a multi-gated setf-aligned N ¢hannel
LDMOS device 200 according to another embodiment of the present invention for
isolating the LDMOS device when the device is a high voltage device in an integrated
circuit. In F1G. 5 the HV NWELL 64 is surrounded on its bottom and sides by a high
voltage P well (HV PWELL) 222 and a P buried layer 223. The HV PWELL 222 is
surrounded by a HV NWELL 226 ring, which could also be a HV N sink ring. There
is an N isolation layer 66 underneath the P buried layer 223 which is connected to the
HV NWELL ring 226 to completely isolate the LDMOS device from a P substrate if
the LDMOS device is formed on a P substrate, The HV NWELL ring 226 is
connected by terminal 228 to a local high voltage to enhance the isolation of the N
channel LDMOS device. The source 52 of FIG. 1 has been modified to form a source
230 in which the P body 90 is not present, and the P well 84 of F1G. 1 has been
replaced by a P well 232 which extends laterally further on its left half which is
covered by a field oxide 234 at the top surface of the HV PWELL 222. The field
oxide 234 extends laterally between the source silicide 76 and inside edge of the HV
NWELL ring 226, The fabrication of the high voltage LDMOS device in an
integrated circuit with lower voltage devices can be accomplished without any extra
thermal diffusions which are usually required for convention power component
integration.

[6061] FIG. 6 is a split gate oxide N channel LDMOS device 240 which is the N
channel LDMOS device 200 of FIG. 5 with the split gate oxide 112.

[0662] FIG. 7 is a diagrammatical view of a multi-gated self-aligned N channel
LDMOS device 250 according to still another embodiment of the present invention.
In FIG. 7 the drain 62 of FIG. 1 is spaced apart from the gate 252 and modified to
form the drain 254 in which an N well 256 is the N well 108 in FIG. [ which is
expanded laterally at the top of the HV NWELL 64 and which lies below two field
oxide regions 258 and 260. The field oxide regions 258 and 260 extend from the gate
oxides 60 to the edge of the drain silicide 100 closest to the gate 252, The polysilicon
layer of the gate 252 extends above the field oxide 258 to a position short of the N
well 256 thereby forming a field gap drift region 262.

[0063] FIG. 8 is a split gate oxide N channel LDMOS device 270 which is the N
channel LDMOS device 250 of FIG, 7 with the split gate oxide 112. Because of the
split gate oxide 112 the effective channel region for LDMOS device 270 is only
located at the thin portion of the split gate oxide 112 and the LDMOS device 270 has

-8 -
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a lower threshold voltage than the LDMOS device 250, but both LDMOS devices
250, 270 have similar off-state performance since both LDMOS devices have the
same drift region design and similar electric field behavior between the thick portion
of the split gate oxide 112 and the field oxide 258.

[0064] FIG. 9 is a diagrammatical view of a multi-gated self-aligned P channel
LDMOS device 280 according to another embodiment of the present invention. In
FIG. 9 a P well 282 replaces the P well 178 in FIG. 3, the P well 282 extending
further laterally under the thick gate oxide 130, and the HV PWELL 134 in Fig. 3 is
replaced by HV NWELL 135 thus substantially reducing the drift resistance due to
the P well 282 doping concentration which is much greater than the HV PWELL 135
doping concentration.

[6065} T1G. 10 is a split gate oxide P channel LDMOS device 290 which is the P
channel LDMOS device 280 of FIG. 9 with a split gate oxide 182. In this
embodiment the P well 282 extends to approximately the transition of the split gate
oxide 182 from the thin portion 184 to the thick portion 186.

[0066] FIGs. 11 and 12 are diagrammatical views of multi-gated self-aligned P
channel LDMOS device 300 and 310, respectively, according to still another
embodiment of the present invention. FIGs. 11 and 12 are the P channel equivalents
of the N channel LDMOS devices 200 and 240 of FIGs. 5 and 6, respectively. In
FIGs. 11 and 12, the P channel LDMOS device 120 in Fig. 3 and the P channel
LDMOS device 180 in Fig. 4 are built in an N type isolation ring (the HVNWELL
and N type sink 226 and N type buried layer 66) for isolation purposes.

[0067] FIG. 13 is a diagrammatical view of a multi-gated self-aligned P channel
LDMOS device 320 according to yet another embodiment of the present invention. In
FIG. 13 the drain 132 of FIG. 3 is spaced apart from the gate 322 and modified to
form the drain 324 in which a P well 326 is the P well 178 in FIG. 3 expanded
laterally at the top of the HV PWELL 134 and lies below two field oxide regions 258
and 260. The field oxide regions 258 and 260 extend from the gate oxides 130 to the
edge of the drain silicide 170 closest to the gate 322. The polysilicon layer of the gate
3272 extends above the field oxide 258 to a position short of the P well 326 thereby
forming a field gap drift region 328,

[0068] TIG. 14 is a split gate oxide P channel LDMOS device 330 which is the P
channel LDMOS device 320 of FIG. 13 with the split gate oxide 182, Because of the
split gate oxide 182 the effective channel region for LDMOS device 330 is only
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located at the thin portion of the split gate oxide 182 of the LDMOS device 330, the
LDMOS device 330 has a lower threshold voltage than the LDMOS device 320 but
has similar off-state performance since both LDMOS devices have the same drift
region design and similar electric field behavior between the thick portion of the split
gate oxide 182 and the field oxide 258,

[0069] FIGs. 15, 16, 17, and 18 are diagrammatical views of a first step in creating
the N channel LDMOS devices of F1Gs. 1 and 2, and the P channel LDMOS devices
of FIGs. 3 and 4, respectively, showing the HV NWELLs 64 in FI1Gs. 15, 16 and the
HV PWELLs 134 in FIGs. 17, 18 which optionally are above another layer 66 which
may be an N buried layer or an N isolation layer.

[0070] F1Gs. 19, 20, 21, and 22 are diagrammatical views of a later step in creating
the N channel LDMOS devices of FIGs. 1 and 2, and the P channel LDMOS devices
of F1Gs. 3 and 4, respectively, wherein after the P wells 84 and N wells 108 of F1Gs |
and 2 are formed, and the N wells 154 and P wells 178 of FIGs. 3 and 4 are formed,
the gates 54, 56, 58, of F1Gs. 1 and 2 and their respective gate oxides, and the gates
124, 126 and 128 of FIGs. 3 and 4 and their respective gate oxides are formed.
[0671] FIGs. 23,24, 25, and 26 are diagrammatical views of a still later step in
creating the N channel LDMOS devices of FIG. 1 and 2, and the P channe! LDMOS
devices of F1Gs. 3 and 4, respectively, wherein photoresist 400 is applied to the wafer
and patterned to form the regions shown in FIGs. 23-26. In FIGs. 23 and 24, the N
channel devices are ion implanted after the photoresist 400 is in place, as indicated by
the arrows, to form the seif-aligned P bodies 90 and 92 and the N+ source spacers 86
and 88. The gates 54 and 56 act as masks to align on edge of the P bodies 90 and 92,
and the N+ source spacers 86 and 88. During this time the P channel devices shown
in F1Gs. 25 and 26 are completely covered with photoresist 400.

[0072] FiGs. 27, 28, 29, and 30 are diagrammatical views of a still later step in
creating the N channel LDMOS devices of FIG. | and 2, and the P channel L.DMOS
devices of FIGs. 3 and 4, respectively, wherein the layer of photoresist 400 has been
removed and another layer 420 is applied and patterned in order to form the N bodies
160 and 162 and the P+ source spaces 156 and 158 in the same manner as the P
bodies 90 and 92, and the N+ source spacers 86 and 88 were formed in FIGs. 23 and
24.

[0073] FIGs. 31,32, 33, and 34 are diagrammatical view of a still later step in
creating the N channel LDMOS devices of FIG. 1 and 2, and the P channel LDMOS

-10 =



WO 2007/118060 PCT/US2007/065822

devices of F1Gs. 3 and 4, respectively, wherein an oxide layer has been placed on the
wafer and then anisotropically etched fo form the sidewall oxides 68, 70, 72 and 74 in
FIGs. 31 and 32, and the sidewall oxides 138, 140, 142, and 144 in FIGs. 33 and 34,
After the sidewall oxides are in place, they are used to self align the P+ source tap
region 78 and the N+ drain region 106 in FIGs. 31 and 32, and to self align the N+
source tap region 148 and the P+ drain region 176 in FIGs, 31 and 32.

[0074]  After the processing shown in FIGs. 31-34 are completed. The silicides for
the sources and drains shown in F1Gs. 1-4 are formed again using the sidewall oxides
for alignment, and the contacts and metallization shown in FIGs. -4 are then formed.
10075]  The LDMOS devices of the embodiments described herein can be produced
at a relatively Jow cost due to the relatively simple process.

[0076] FIG. 35 is a diagrammatical view of a fabricated N channel LDMOS device
440 according to an embodiment of the present invention which is the embodiment of
FIG.1. The L.DMOS device 440 has a sidewall oxide spacer drift region since the
drain side of the edge of the gate oxide sidewall spacers aligns vertically with the N+
drain region at the top of the HV NWELL 64. The characteristics of the LDMOS
device 440 are shown in FIGs. 36A, B, and C and 37A, B, and C. The devices used to
generate the characteristics shown in FIGs. 36A, B, and C have a gaie length
(indicated by dimension 442 in FIG. 35) of .35 um, and the devices used to generate
the characteristics shown in 37A, B, and C have a gate length of .60 um.

[0077] FlIGs. 36A and 36B show the drain current versus the source to drain voltage
for the LDMOS device 440 for varying levels of gate to source voltage. In both FIGs.
36A and 368 the drain current is limited to 100 ma, while in FIG. 36A the source to
drain voltage is limited to 8 volts, and in FIG. 37B the gate to source voltage is
timited to 12 volts. The gate to source voltages used to generate the curves in FIGs.
36A, 368, 37A, and 37B are shown in the following table:

Gate to Source Voltage Reference Number
0 volts 450
2 volts 452
4 volts 454

6 volts 456
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8 volts 458
10 volts 460
12 volts 462

[0678] F1G. 36C shows the drain current versus the reverse drain to source voltage,
indicating a breakdown voltage of about 18 volts.
{0679} FIGs. 37A, 37B, and 37C are the comparable characteristics shown in FIGs.
36A, 36B and 36C, but are from the LDMOS device 440 with a gate length of .60 pm.
As a result, the gains shown in FIGs. 37A and 37B are less than those shown in FIGs,
36A and 36B, respectively, but the breakdown voltage increases to about 20 volts in
FIG. 37C. The LDMOS device of FIG. 35 with a gate length of .40 um has a pitch of
about 1.6 um,

The following is a table of the best data silicon taken on one or more
embodiments of the present invention for devices with a gate oxide thickness of
400A:

Characteristic 8V DMOS 12V DMOS 16V DMOS 20V DMOS
Vi (volts) 2.99 3.03 3.15 3.16
On-State 8 12 16 20
BV(volts) {at 12V

VgS)

BV (volts) 17.8 18.7 20.2 20.7
R(sp,on) 4.87 3.74 6.00 6.49
(mQ.mm”)

[0080] While the invention has been described with reference to preferred
embodiments, it will be understood by those skilled in the art that various changes
may be made and equivalents may be substituted for elements thereof to adapt to
particular situations without departing from the scope of the invention. Therefore, it
is intended that the invention not be limited to the particular embodiments disclosed
as the best mode contemplated for carrying out this invention, but that the invention
will include all embodiments falling within the scope and spirit of the appended

claims.
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Claims:

1. A selfaligned LDMOS device, comprising:

a gate having a gate oxide, and an oxide spacer on a source side of said gate;

a source region having a tap and a source spacer embedded in a source well,
the tap being aligned with an edge of the oxide spacer and the source spacer being
aligned with the edge of the gate polysilicon such that the source spacer is fully under
the oxide spacer; and

a drain region situated opposite to the source side of said gate, the drain region

having a drain embedded in a drain well.

2. The self-aligned .LDMOS device of Claim 1, the gate comprising a second
oxide spacer on the drain side of said gate, the drain being aligned with an edge of the

second oxide spacer.

3. The self-aligned LDMOS device of Claim 1, the tap and the source well
comprising a P type dopant and the source spacer, the drain, and the drain well

comprising an N type dopant.

4. The self-aligned LDMOS device of Claim 1, the tap and the source well
comprising an N type dopant and the source spacer, the drain, and the drain well

comprising a P type dopant.

5. The self-aligned LDMOS device of Claim 4, further comprising a
complementary transistor having a complementary gate, a complementary source

region, and a complementary drain region.
6. The self-aligned LDMOS device of Claim 3, the complementary source
region comprising a P type tap and a P type source well; and the drain region

comprising an N type source spacer, an N type drain, and an N type drain well.

7. The self-aligned LDMOS device of Claim 1, the gate oxide being thick

along substantially the entire cross-section of said gate.
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8. The self-aligned LDMOS device of Claim 1, the gate oxide being thin

proximate to said source and thick proximate to said drain.

9. The self-aligned LDMOS device of Claim 8, further comprising a second
transistor gate with a second transistor gate oxide that is thick along substantially the

entire cross-section of said second transistor gate.

10. The self-aligned LDMOS device of Claim 1, further comprising an

isolation ring surrounding the gate, source, and drain regions.

11, The self-aligned LDMOS device of Claim 10, further comprising a field
oxide extending from the isolation region to the source region on the source side of

the gate.

12. The sell-aligned LDMOS device of Claim 12, further comprising a high
voltage N well extending laterally from the isolation ring to the source well on the

source side of the gate.

13. The self-aligned 1.DMOS device of Claim 8, further comprising an

isolation ring surrounding the gate, source, and drain regions.

14, The self-aligned LDMOS device of Claim 13, further comprising a field
oxide extending from the isolation region to the source region on the source side of

the gate.

5. The self-aligned LDMOS device of Claim 14, further comprising a high
voltage N well extending laterally from the isolation ring o the source well on the

source side of the gate.

16. The self-aligned LDMOS device of Claim [, further comprising a field
oxide extending from the gate oxide to the drain, and the gate having a polysilicon
layer above the field oxide which extends laterally toward the drain to a location on
the field oxide.
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17. The self-aligned LDMOS device of Claim 16, wherein the drain well

extends laterally under the field oxide.

18. The self-aligned LDMOS device of Claim 8, further comprising a field
oxide extending from the gate oxide to the drain, and the gate having a polysilicon
layer above the field oxide which extends laterally toward the drain to a location on

the field oxide.

19. The seif-aligned LDMOS device of Claim 18, wherein the drain well

extends laterally under the field oxide.

20. A self-aligned LDMOS device, comprising:

a gate situated on a high voltage well, the gate having a gate oxide on the high
voltage well and a polysilicon layer on the gate oxide;

a source region in the high voltage well on a source side of said gate;

a drain region in the high voltage well on a drain side of said gate; and

wherein the gate oxide is thick on the drain side of said gate.

21. The self-aligned LDMOS device of Claim 21, the thick gate oxide having
a thickness selected from the group consisting of about 4004 and 600A.

22. The self-aligned LDMOS device of Claim 21, the gate oxide being thick

on the source side of said gate.

23. The seif-aligned LDMOS device of Claim 21, the gate being a split gate

with a thin gate oxide on the source side.

24, The self-aligned LDMOS device of Claim 23, the thin gate oxide having a
thickness selected from the group consisting of about 45A, about 60A, and about
115A.

25. The self-aligned LDMOS device of Claim 21, said gate comprising an
oxide spacer on the source side and said source region comprising a source that is

fully under the oxide spacer.
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26. A method of forming a self-aligned LDMOS device, comprising the steps
of:

a) providing a high voltage well with an oxide layer and a polysilicon layer;

b) etching the oxide layer and the polysilicon layer to form a source region and
a drain region with a gate therebetween;

¢) forming a source well in the source region of the high voltage well and a
drain well in the drain region of the high voltage well;

d) implanting a source body in the source region extending from the source
well under the gate;

e) implanting a source in the source well; and

f) forming an oxide spacer over the source an adjacent the gate such that the

oxide spacer fully covers the source,

27. The method of Claim 26, further comprising the step of implanting a tap

in the source well subsequent to said oxide spacer forming step.

28. The method of Claim 27, further comprising the step of implanting a drain

in the drain well.
29. The method of Claim 28, further comprising the step of forming a silicide
layer in the source region and the drain region, the source silicide layer contacting the

tap and the source.

30. The method of Claim 29, further comprising the addition of contacts to

each of the source and the drain.

31. The method of Claim 26, the source body and the source being aligned

with an edge of the gate and formed using the same mask.

32. The method of Claim 26, the source body and the source being implanted

at an angle other than vertical.
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33. The method of Claim 26, the thickness of the oxide layer being one of the
group consisting of about 454, about 60A, about 115A about 4004 and about 600A..

34. The method of Claim 26, the gate being a split gate with a thin gate oxide

proximate the source region and a thick gate oxide proximate the drain region.
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