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Description
LDMOS transistor
The present invention relates to an LDMOS transistor structure.

LDMOS transistor structures are widely used as semiconductor devices for many
types of transistor applications such as high voltage MOS field effect transistors. An
LIDMOS transistor comprises a lightly doped drain region to enhance the breakdown
voltage. LDMOS transistors comprise, thus, a higher on resistance due to the lightly

doped region within the drain.

Fig. 1 shows a typical power LDMOS transistor. A wafer comprises, for example, a p
substrate 13 on top of which an epitaxial layer 1 is deposited. This layer 1 includes n
conductivity type areas 2, 4 and 15 implanted into the surface to provide a source and
drain region, respectively. The epitaxial layer 1 is usually covered with an insulating
dielectric layer 7 such as silicon oxide in which a polysilicium gate 8 is arranged to
cover the channel between the drain 4, 15 and source 2. The drain in this exemplary
LDMOS transistor comprises a first region 15 which is n* doped and which comprises
a connection to a drain electrode 12 arranged above that region 15 through a window
in the insulator layer 7. This n* region is surrounded by a lighter doped n” region 4 that
extends until under gate 8 to define a channel between the source and the drain region.
On the source side of this transistor a p* doped sinker 14 is provided which extends
from the surface of the epitaxial layer 1 down to the substrate to provide for a backside

source contact. Contact 11 connects the source region 2 with the sinker 14.

The interrelation between breakdown voltage and on-resistance relates to the
maximum electric field defined by the pn-junction which needs to stay below the
critical electric field for the semiconductor to avoid breakdown. This maximum
electrical field is defined by the doping level of, for example, the n” doped drain in a

nmos field effect transistor. Furthermore, in applications in which the transistor is
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most of the time driven to conduct, the long on-state can lead to substantial hot carrier
injection resulting in DC parametric drift. This is a very common issue with LDMOS
transistor structures because the n- implant doses are increased in LDD transistors to
lower the on-resistance, thus, resulting an higher junction electrical field and hot

electron injection over time.

According to the present application, a new transistor structure is introduced. For
example, an LDMOS semiconductor transistor structure comprises a substrate having
an epitaxial layer of a first conductivity type, a source region extending from a surface
of the epitaxial layer of a second conductivity type, a lightly doped drain region within
. the epitaxial layer of a second conductivity type, a channel located between the drain
and source regions, and a gate arranged above the channel within an insulating layer,
wherein an implant region of the first conductivity type is provided extending from the
surface of the epitaxial layer into the epitaxial layer covering an end portion of the

lightly doped drain region next to the gate.

The lightly doped drain region may comprise a first region below a drain contact and a
second region extending from the first highly doped region in direction to the gate,
wherein the second region is less doped than the first region. The semiconductor
transistor structure may further comprise a third region surrounding the first highly
doped region, wherein the third region is less doped than the first highly doped region
and more doped than the second region. The semiconductor transistor structure may
further comprise a sinker structure of .the first conductivity type extending from the
source region to the bottom of the epitaxial layer. The substrate can be heavily doped.
The implant region may have an approximate horizontal length of about 0.5 um. The
implant region may have an approximate vertical length of the peak concentration of
about 0.6 microns. The implant region can be partially overlapped with the lightly
doped drain region. The semiconductor transistor may further comprise a well of the
first conductivity type at least partly surrounding the source region and extending

within the channel. The implant region may partially overlaps with the well. The first
2
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conductivity type can be a p-type and the second conductivity type is an n-type, or
vice versa. The implant region can be laterally diffused. The lightly doped drain region
may comprise a first region of the second conductivity type for establishh}g a contact
with an electrode, a second region of the second conductivity type being less doped
than the first region being buried within the epitaxial layer and extending from the first
region horizontally in direction towards the gate, a third region being of the second
conductivity type less doped than the second region and extending vertically from the
surface of the epitaxial layer and horizontally from the second region until under the
gate, a top layer of the first conductivity type extending from the surface of the
epitaxial layer to the second region, and a bottom layer of the first conductivity type
extending from the second region into the epitaxial layer. The third region may
comprise a first sub-region of the second conductivity type extending from the second
region horizontally towards the gate and a second sub-region of the second
conductivity type extending vertically from the surface of the epitaxial layer and
horizontally from the first sub-region until under the gate. The first sub-region may be
less doped than the second region and the second sub-region being less doped than the
first sub-region. The first sub-region may be less doped than that second region and
the first and the second sub-region overlap and the first sub-region is partially less
doped than the second sub-region. The semiconductor transistor structure may further
comprise a voltage termination of the second conductivity type extending from the
drain electrode deeper into the epitaxial layer than the first region. The second region
may have an approximate horizontal length of 0.5 - 3 microns. The semiconductor
transistor structure may further comprise a field plate arranged between the drain
electrode and the gate electrode on top of the insulating layer which at least partially

covers the gate electrode.

An LDMOS semiconductor transistor structure may also comprise means of a first
conductivity type for forming a substrate having an epitaxial layer, means of a second
conductivity type for forming a source extending from a surface of the epitaxial layer,

means of a second conductivity type for forming a lightly doped drain region within
3
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said epitaxial layer, a channel located between said means for forming a drain and said
means for forming a source, means for forming a gate arranged above said channel
within an insulating layer, and means for forming an implant region of the first
conductivity type extending from the surface of the epitaxial layer into the epitaxial
Jayer overlapping an end portion of the lightly doped drain region next to the gate and

extending within a portion of said channel.

The lightly doped drain region may further comprise means for forming a first highly
doped region below a drain contact and means for forming a second region extending
from said first region in direction to the gate, wherein the second region is less doped
than the first region. The implant region can be partially overlapped with the means
for forming a second region. The semiconductor transistor may further comprise
means for forming a well of said first conductivity type at least partly surrounding said
means for forming the source and extending within said channel. The implant region
may partially overlaps with said well. The means for forming the implant region may

cause a lateral diffusion of said implant.

A method for manufacturing a LDMOS transistor structure having a substrate and
epitaxial layer of a first conductivity type, comprises the steps of forming a source
region and a lightly doped drain region of a second conductivity type in the epitaxial
layer, forming at least a gate electrode covering a channel region between the source
and lightly doped drain region, forming a photo resist layer covering the surface of
transistor structure, opening a window in the photo resist layer uncovering an end
portion of the lightly doped drain region next to the gate, and implanting a pocket
region of the first conductivity type through the window.

The window may uncover a part of the gate electrode. The window may have a
preferred horizontal size of about 0.5 pm. The step of implanting may create a pocket
with the peak concentration vertical length of 0.6 microns. The drain region may

comprise a first highly doped region below a drain contact and a second region

4
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extending from the first highly doped region in direction to the gate, wherein the
second region is less doped than the first highly doped region. The lightly doped drain
region further may comprise a third region surrounding the first highly doped region,
wherein the third region is less doped than the first highly doped region and more
doped than the second region. The pocket region can be partially overlapped with the
second lightly doped drain region. The pocket region can also be laterally diffused
under the gate. The method may further comprise the step of forming a well of the first
conductivity type which at least partly surrounds the source region and extends within
said channel. The implant region may partially overlap with this well. A sinker
structure of the first conductivity type can be formed within the epitaxial layer
extending from the source region to the bottom of the epitaxial layer. The substrate
can be heavily doped. The first conductivity type can be a p-type and the second

conductivity type is an n-type, or vice versa.

Also, an LDMOS semiconductor transistor structure may comprise a substrate having
an epitaxial layer of a first conductivity type, a source region extending from a surface
of the epitaxial layer of a second conductivity type, a lightly doped drain region within
the epitaxial layer of a second conductivity type comprising a first region below a
drain contact and a second region extending from the first region in direction to the
gate, wherein the second region is less doped than the first region, a channel located
between the drain and source regions, and a gate arranged within an insulating layer
above the channel, wherein the lightly doped drain region comprises an implant region
of the first conductivity type extending from the surface of the epitaxial layer into the
epitaxial layer covering an end portion of the lightly doped drain region next to the

gate.

The semiconductor transistor structure may further comprise a third region
surrounding the first region, wherein the third region is less doped than the first region
and more doped than the second region. The semiconductor transistor structure may

further comprise a sinker structure of the first conductivity type extending from the

5
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source region to the bottom of the epitaxial layer. The substrate can be heavily doped.
The implant region may have an approximate horizontal length of about 0.5 microns.
The implant region may have an approximate peak concentration vertical length of
about 0.6 microns. The first conductivity type can be a p-type and the second
conductivity type can be an n-type, or vice versa. The semiconductor transistor
structure may further comprise a field plate arranged between the drain electrode and
the gate electrode on top of the insulating layer which at least partially covers the gate
electrode. The implant region can be partially overlapped with the second region. The
semiconductor transistor structure may further comprise a well of the first conductivity
type at least partly surrounding the source region and extending within the channel.

The implant region may partially overlap with the well.

Other technical advantages of the present disclosure will be readily apparent to one
skilled in the art from the following figures, descriptions, and claims. Various
embodiments of the present application obtain only a subset of the advantages set

forth. No one advantage is critical to the embodiments.

A more complete understanding of the present disclosure and advantages thereof may
be acquired by referring to the following description taken in conjunction with the
accompanying drawings, in which like reference numbers indicate like features, and

wherein:

Figure 1 is a partial sectional view of a semiconductor wafer including a transistor

structure according to the prior art;

Figure 2 is a partial sectional view of a semiconductor wafer including a transistor

structure according to an embodiment of the present application;

Figure 3A-B are exemplary steps in the manufacturing process for a tramsistor

structure according to an embodiment of the present application;
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Figure 4 shows a partial sectional view of another embodiment according to the

present invention;

Figure 5 shows graphs from a process simulation of a transistor structure according to

the present application,

Figure 6 shows a partial sectional view of yet another embodiment according to the

present invention; and

Figure 7 shows a partial sectional view of yet another embodiment according to the

present invention.

Turning to the drawings, exemplary embodiments of the present application will now
be described. Figure 2 depicts an improved transistor structure according to an
exemplary embodiment of the present invention. On top of a p* substrate 160, a p’
epitaxial layer 150 is arranged. For example, the substrate can be doped heavily with
10'8 - 10"/cm® and the epitaxial layer can be less doped with 10™ - 10%/cm®. Along
the top surface of the epitaxial layer 150, a source region 114 extends laterally from
the source side of gate 120 to an electrode or metal interconnection 110. This source
region can be embedded in a p well 118 as shown in Fig. 2. The contact 110 connects
the oppositely doped source region 114 and a p* sinker region 112. The p* sinker
region 112 reaches from the source region 114 to the p" substrate 160. A source metal
contact (not shown) can be placed along the entire backside of the wafer. Again an
insulator layer 140 is placed on the top surface of the epitaxial layer 150 and
comprises a gate 120 and windows for respective drain and source electrodes 130,
110. On top of the insulator layer 140, usually a passivation layer (not shown) is

deposited.

The improved transistor structure comprises a drain region with an LDD region
consisting of a first lightly doped region 136 extending from under the gate 120 to a
highly doped region 132 under the drain electrode 130 as shown in Fig. 2. Other

7
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embodiments of LDD regions are also possible. The implant dose of region 136 could

be, for example, 2E1012/‘cm2 and for region 132, for example, 5E10%/cm?.

Other types of DD transistors can be used, for example, transistors with multiple
graded layers as for example shown in Fig. 4. The embodiment is similar to the
embodiment shown in Fig. 2. Thus, similar regions carry the same numerals. In this
exemplary embodiment, a graded junction is created by a multilayer structure. A first
region 136 being n” doped extends from under gate 120 close to the drain contact
electrode 130. From this n” doped region 136 and under the drain contact electrode 130
follows again an n* doped region 132 which extends about as deep as layer 136 into
the epitaxial layer. However, in another embodiment, n’ doped region 134 can
surround n* region 132 and reach deeper into the epitaxial layer 150. . The implant
dose of region 132 could be, for example, 5E10%/cm?, for region 134, 4E10%/cm® and

for region 136 could be, again for example, 2B10%/cm?.

In addition for the exemplary embodiments, a p doped pocket implant 138 extends
from the top surface of epitaxial layer 150 into the epitaxial layer 150. This p doped
pocket implant 138 overlaps with the end portion of the first drain region 136 on the
side of the gate 120 facing the drain electrode 130. The p doped pocket implant 138
also reaches on the other side into the channel covered by the gate 120. For a low
frequency type transistor and for transistors with a long gate/channel length the p
doped pocket implant 138 can reach as far into the channel up to touching the p well
118 or even overlap this p well 118. However, as indicated with the dotted line, in
high frequency applications and for transistors with a short gate/channel length, the p
doped pocket implant 138 can actually in a preferred implementation overlap with the
p well 118. This pocket implant 138 reaches deeper into the epitaxial layer 150, thus
forming a barrier. This implant 138 can compensate 10-20% of N-LDD dose 136,
locally suppress the drain to channel junction E-field and hot electron injection, thus,
reducing channel length modulation and any type of DC bias current drift over time.

The hot electron injection is a localized effect, usually occurs within 0.5 pm distance

8
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of the drain side of the gate. The implant region may further have an approximate
vertical length of the peak concentration of about 0.6 microns. The resistance Ryson 18 @
distributed value over a few micron of the drain dimension. By optimizing the p
pocket implant conditions, for example, by using an implant dose of 5E10"Y/cm?_and
180 KeV Boron or any other suitable p-type implant and by increasing the n- implant
LDD implant dose for regions 136, for example to >2F10%cm® a substantial
reduction of Rdson and improvement in RF performance of a power L.DMOS
transistor can be achieved without increasing DC bias current drift over time. This
kind of implant also provides for a particular more lateral diffusion profile because of

the diffusion characteristics of Boron and the high implant energy.

Fig. 5 shows a possible exemplary deep pocket implant vertical profile. The deep P-
pocket implant doping profile compensates 10-20% N-LDD dose and shift the P-
pocket/N-LDD junction closer to the surface as compared to P-epi/N-LDD junction.
The deep P-pocket implant will laterally diffuse underneath the drain side of the gate
to suppresses the depletion region growth into the channel with increasing drain bias

Vds, thus, suppressing the channel length modulation and DC parametric drift.

The p pocket 138 can be advantageously implanted using a self-alignment process as
shown, for example, in Figs. 3a-b. Fig. 3a shows for example, parts of an LDD
transistor with implanted drain region 136. During following steps, source and drain
metal contacts 110 and 130 and gate 120 may be formed (not shown). thus, a thin
oxide layer covers the surface of the epitaxial layer 150. In a next step, a window in a
photo resist layer 300 covering the gate 120 and metal contacts 110 and 130 is formed
as shown in Fig. 3b. This window may preferably uncover a small part of gate 120
which, in this example, forms a left barrier for the following implant step. However,
the window can also just extend to the left edge of the gate. The window may have a
preferred horizontal size of about 0.5 pm. Thus, this pocket will influence the Rgson the
least while be still effective for hot electron injection suppression by reducing the

junction E-field.
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Figure 6 shows yet another embodiment similar to the embodiment shown in Fig. 4.
Again, similar elements carry similar numerals. In addition to the structure as shown
in Fig. 4, this embodiment furthermore includes a field plate 170 arranged to at least
partially cover the gate electrode. To this end, this field plate 170 is placed on top of
the oxide 140 covering the gate electrode. This field plate 170 furthermore reaches as
far to the right of the gate electrode to cover the p-pocket 138 in this embodiment.

Figure 7 shows yet another embodiment of an improved transistor structure according
to the present invention. On top of a p* substrate 520, a p epitaxial layer 521 is
arranged. Again, the substrate can be doped heavily, for example, with 10*/cm’® and
the epitaxial layer can be less doped with 10%/cm®. Along the top surface of the
epitaxial layer 521, a source region 523 extends laterally from the source side of gate
526 to an electrically floating electrode or metal interconnection 524. The electrically
floating contact 524 connects the oppositely doped source region 523 and a p" sinker
region 522. The p* sinker region 522 reaches from the source region 523 to the p*
substrate 520. A source metal contact (not shown) is placed along the entire backside
of the wafer. Again an insulator layer 525 is placed on the top surface of the epitaxial
layer 521 and comprises a gate 526 and windows for respective drain and source
electrodes 524, 534. On top of the insulator layer 525, usually a passivation layer (not

shown) is deposited.

The improved transistor structure comprises a drain region with a multiple layer
arrangement as shown in Fig. 7. In this exemplary embodiment, a graded
superjunction is created by this multilayer structure. A first relatively short resulting
region 533 being n” doped extends from under gate 526 to the drain contact electrode
534. Between this short n” doped region 533 and the drain contact electrode 534
follows a second n” doped region 532 which extends deeper into the epitaxial layer
521. In one embodiment, a graded doping concentration from region 533 to region 528
with increasing doping concentration is obtained. However, other embodiments are

possible. In one preferred embodiment, the maximum doping concentration of this

10
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region 532 is not necessarily higher than the maximum doping concentration for
region 533. The implant dose of region 532 could be less than that of region 533.
However, the region 532 implant overlaps with the region 533 implant and is partially
compensated by the region 531 implant. The doping overlap between regions 532 and
533 results in a higher doping concentration in the part of the overlap region of 532 as
compared to the region 533 and a lower doping concentration in the remaining part of
region 532. This is because the doping concentration of region 533 drops with vertical
distance from the top surface. Region 532, in this particular embodiment has, thus,
two functions. The overlapping part of region 532 is used to carry the current whereas
the lesser doped part of that region is used to relax the electrical field. Thus, different
graded junctions from region 533 to region 530 can be formed which still are within

the scope of the present application.

Furthermore in this embodiment, region 532 does not reach the surface of the epitaxial
layer 521. However, depending on the doping concentration, this layer could also
reach to the top surface of epitaxial layer 521. Between the second n” doped region
532 and the drain contact electrode 534 extends a relatively long (appr. 1 - 3 microns)
n doped conducting stripe 530 which couples the n” doped region 532 with a heavily
doped n" region 528 that extends from drain electrode 534 into the epitaxial layer 521.
Thus, the drain starts with a heavily doped n' region 528 from the electrode 534 that
gradually ends in a lightly doped n" region 533 under the gate 526. The n doped
conducting stripe may have an approximate horizontal length of 1- 3 microns and 1s
basically shielded by an implanted p doped top layer 531 and bottom layer 529 that
extend from the heavily n* doped region 528 horizontally towards gate 526 for
substantially the length of the n doped conducting layer 530. In the center of the drain
region starting under the drain electrode 534 a n* doped termination region 527 is
implanted which reaches from the surface deep into the epitaxial layer 521. Region
528 is higher doped than region 527. Also, region 527 is higher doped than region
529. This is necessary to avoid breakdown between the drain contact 534 and region

529.
11
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The lowly doped n” region 533 close to gate 526 keeps the electric field low to
suppress hot carrier injection into the gate and also to avoid early breakdown of the
structure. Furthermore, this region 533 keeps the feedback capacitance Cdg between
the gate and the drain low. The second or intermediate n” doped region 532 can be
provided for trade-off between on-resistance, breakdown of the transistor structure,
hot carrier injection, and feedback capacitance Cdg. The intermediate n- doped implant
region 532 can be produced, for example, through a 0 degree off-set implant mask or a
tilted angle self-aligned implant mask. Such a structure with vertically alternating
layers 531, 530, 529 and the graded regions 533, 532, 528 and 527 forms a new
combination of superjunctions and graded junctions. The advantage with this concept
lies in the fact that the highly doped conducting layer is depleted from both top and
bottom, thus, also enabling a high breakdown voltage despite the higher doping
concentration of the n conducting stripe. By the introduction of laterally graded
junctions 533, 532, and 529 close to the gate 526, an optimization of several critical
parameters affecting radio frequency performance is made possible. In addition to
optimization of on-resistance and breakdown voltage, the graded junctions keep the
electric field low at the gate oxide to suppress hot carrier injection (low drift), which is
an important issue for LDMOS transistors. Moreox}er, the critical feedback
capacitance Cdg can be kept at a low value. On the right side, a deep high energy
implant 527 prevents breakdown to occur between the drain contact 534 and region
529.

All regions can be created by ion implantation. The n conducting stripe can be created
as a buried layer and is being depleted from the top and the bottom through layers 531
and 529, respectively. In particular implanted p layer 529 depletes the n conducting
stripe 530 from the bottom which makes it possible to increase the doping
concentration of the n conducting stripe. The top p layer 531 depletes the n conducting
stripe from above. There is a lowly doped n” region 533 close to the gate oxide 526 to
keep the electric field low around this critical ‘corner’. This suppresses hot carrier

injection into the gate oxide 526, avoids early breakdown and keeps the feedback
12
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capacitance Cdg low. The intermediate doped n’ implanted region 532 serves as an
overlapping region between the n’ region 533 and the n conducting stripe 530. The
depth and doping concentration of this implant is used to optimize the trade-off
between on-resistance, breakdown voltage, hot carrier injection and feedback

capacitance Cdg.

Again, in addition to the multilayered drain region, a p doped pocket implant 538
extends from the top surface of epitaxial layer 521 into the epitaxial layer 521. This
pocket implant 538 reaches again deeper into the epitaxial layer 521, thus forming a
barrier. This implant 538 can, thus, compensate 10-20% of N-LDD dose 533; locally
suppress the drain to channel junction E-field and the channel length modulation, thus,
reducing hot electron injection and any type of DC bias current drift over time. Again,
the hot electron injection is a localized effect, usually occurs within 0.5 um distance of
the drain side of the gate. The resistance Ryson is @ distributed value over a few micron
of the drain dimension. The p pocket implant can be optimized in a similar way as

described above.

Although particular embodiments of the invention have been shown and described, the
invention is not limited to the preferred embodiments and it will be apparent to those
ckilled in the art that various changes and modifications may be made without
departing from the scope of the invention, which is defined only by the appended
claims and their equivalents. For example, the substrate can be a p-type or an n-type
substrate. Thus, source and drain region would be either of the n-type or the p-type,
respectively. Also other combinations of specific features of the shown embodiments are
possible. For example, a p well can be added to the embodiment shown in figure 7 or the
p well as shown in embodiments of figures 2, 4, and 6 can be omitted. Furthermore, the
structure according to the present application can be used for lateral and vertical

transistor structures.

13
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CLAIMS

1. An LDMOS semiconductor transistor structure comprising:
_ g substrate having an epitaxial layer of a first conductivity type;
- a source region extending from a surface of the epitaxial layer of a second

conductivity type;

a lightly doped drain region within said epitaxial layer of a second conductivity
type;

- achannel located between said drain and source regions; and

- a gate arranged above said channel within an insulating layer;

- wherein an implant region of the first conductivity type is provided extending
from the surface of the epitaxial layer into the epitaxial layer overlapping an
end portion of the lightly doped drain region next to the gate and extending

within a portion of said channel.

2. The semiconductor transistor structure as claimed in Claim 1, wherein said
lightly doped drain region comprises a first highly doped region below a drain contact
and a second region extending from said first region in direction to the gate, wherein

the second region is less doped than the first region.

3. The semiconductor transistor structure as claimed in Claim 2, further
comprising a third region surrounding said first highly doped region, wherein the third
region is less doped than the first highly doped region and more doped than the second

region.

4, The semiconductor transistor structure as claimed in Claim 1, further
comprising a sinker structure of said first conductivity type extending from said source

region to the bottom of said epitaxial layer.

14
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5. The semiconductor transistor structure as claimed in Claim 1, wherein said

implant region has an approximate horizontal length of about 0.5 pm.

6. The semiconductor transistor structure as claimed in Claim 1, wherein said
implant region has an approximate vertical length of the peak concentration of about

0.6 microns.

7. The semiconductor transistor as claimed in claim 2, wherein the implant region

is partially overlapped with the second region.

8. The semiconductor transistor as claimed in claim 1, further comprising a well
of said first conductivity type at least partly surrounding said source region and

extending within said channel.

9. The semiconductor transistor as claimed in claim 8, wherein said implant

region partially overlaps with said well.

10. The semiconductor transistor structure as claimed in Claim 1, wherein the

implant region is laterally diffused.

11. The semiconductor transistor structure as claimed in Claim 1, wherein the
lightly doped drain region comprises:
- a first region of said second conductivity type for establishing a contact
with an electrode;
- a second region of said second conductivity type being less doped than
said first region being buried within said epitaxial layer and extending

from said first region horizontally in direction towards said gate;
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- athird region being of said second conductivity type less doped than said
second region and extending vertically from the surface of said epitaxial
layer and horizontally from said second region until under said gate;

- atop layer of said first conductivity type extending from the surface of
said epitaxial layer to said second region; and

- a bottom layer of said first conductivity type extending from said second

region into said epitaxial layer.

12. The semiconductor transistor structure as claimed in Claim 11, wherein said
third region comprises a first sub-region of said second conductivity type extending
from said second region horizontally towards said gate and a second sub-region of
said second conductivity type extending vertically from the surface of said epitaxial

layer and horizontally from said first sub-region until under said gate.

13. The semiconductor transistor structure as claimed in Claim 12, wherein said
first sub-region being less doped than said second region and said second sub-region

being less doped than said first sub-region.

14. The semiconductor transistor structure as claimed in Claim 12, wherein said
first sub-region being less doped than that second region and said first and said second
sub-region overlap and said first sub-region is partially less doped than said second

sub-region.

15. The semiconductor transistor structure as claimed in Claim 11, further
comprising a voltage termination of the second conductivity type extending from the

drain electrode deeper into the epitaxial layer than the first region.
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16. The semiconductor transistor structure as claimed in Claim 11, wherein said

second region has an approximate horizontal length of 1- 3 microns.

17. The semiconductor transistor structure as claimed in Claim 1, further
comprising a field plate arranged between the drain and the gate on top of the

insulating layer which at least partially covers the gate.

18. The semiconductor transistor structure as claimed in Claim 11, further
comprising a field plate arranged between the drain and the gate on top of the

insulating layer which at least partially covers the gate.

19.  AnLDMOS semiconductor transistor structure comprising:
- means of a first conductivity type for forming a substrate having an epitaxial
layer;
- means of a second conductivity type for forming a source extending from a

surface of the epitaxial layer;

means of a second conductivity type for forming a lightly doped drain region

within said epitaxial layer;

- a channel located between said means for forming a drain and said means for
forming a source;

- means for forming a gate arranged above said channel within an insulating
layer; and

- means for forming an implant region of the first conductivity type extending
from the surface of the epitaxial layer into the epitaxial layer overlapping an
end portion of the lightly doped drain region next to the gate and extending

within a portion of said channel.

20. The semiconductor transistor structure as claimed in Claim 1, wherein said

lightly doped drain region comprises means for forming a first highly doped region
17
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below a drain contact and means for forming a second region extending from said first
region in direction to the gate, wherein the second region is less doped than the first

region.

71,  The semiconductor transistor as claimed in claim 20, wherein the implant

region is partially overlapped with the means for forming a second region.

92.  The semiconductor transistor as claimed in claim 1, further comprising means
for forming a well of said first conductivity type at least partly surrounding said means

for forming the source and extending within said channel.

23, The semiconductor transistor as claimed in claim 22, wherein said implant

region partially overlaps with said well.

24. The semiconductor transistor structure as claimed in Claim 1, wherein said

means for forming the implant region cause a lateral diffusion of said implant.

25. A method for manufacturing a LDMOS transistor structure having a substrate
and epitaxial layer of a first conductivity type, comprising the steps of:
- forming a source region and a iightly doped drain region of a second
conductivity type in said epitaxial layer;
- forming at least a gate electrode covering a channel region between the source
and lightly doped drain region;
- forming a photo resist layer covering the surface of transistor structure;
- opening a window in said photo resist layer uncovering an end portion of said
lightly doped drain region next to said gate; and

- implanting a pocket region of the first conductivity type through said window.
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26.  The method according to claim 25, wherein the window uncovers a part of the

gate electrode.

27.  The method according to claim 25, wherein the window has a preferred

horizontal size of about 0.5 pm.

28.  The method according to claim 25, wherein the step of implanting creates a

pocket with the peak concentration vertical length of about 0.6 microns.

20. The method according to claim 25, wherein said drain region comprises a first
highly doped region below a drain contact and a second region extending from said
first highly doped region in direction to the gate, wherein the second region is less

doped than the first highly doped region.

30.  The method according to claim 29, wherein the lightly doped drain region
further comprises a third region surrounding said first highly doped region, wherein
the third region is less doped than the first highly doped region and more doped than

the second region.

31.  The method according to claim 29, wherein the pocket region is partially
overlapped with the second lightly doped drain region.

32.  The method according to claim 29, wherein the pocket region is laterally

diffused under the gate.

33.  The method according to claim 32, further comprising the step of forming a
well of said first conductivity type which at least partly surrounds said source region

and extends within said channel.
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34. The method according to claim 33, wherein said pocket region partially

overlaps with said well.

35.  The method according to claim 25, wherein a sinker structure of said first
conductivity type is formed within said epitaxial layer extending from said source

region to the bottom of said epitaxial layer.

36.  An LDMOS semiconductor transistor structure comprising:

a substrate having an epitaxial layer of a first conductivity type;
- a source region extending from a surface of the epitaxial layer of a second

conductivity type;

a lightly doped drain region within said epitaxial layer of a second conductivity

type;

- achannel located between said drain and source regions;

- agate arranged above said channel within an insulating layer;

- a well of said first conductivity type at least partly surrounding said source
region and extending within said channel; and

- an implant region of the first conductivity type extending from the surface of

the epitaxial layer into the epitaxial layer overlapping an end portion of the

lightly doped drain region next to the gate and extending within a portion of

said channel, and wherein said implant region partially overlaps with said well.
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