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(57) Abstract: A semiconductor integrated circuit including an LDMOS device structure comprises a semiconductor layer with
a pair of spaced-apart field effect gate structures over an upper surface of the semiconductor layer. First and second spaced apart
source regions of a first conductivity type are formed in a portion of the layer between the pair of gate structures with a first region
of a second conductivity type formed there between. A lightly doped body region of a second conductivity type is formed in the
semiconductor layer, extending from below the source regions to below the gate structures and extending a variable depth into the
semiconductor layer. This body region is characterized by an inflection in depth in that portion of the body region extending below

the first region.
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INTEGRATED CIRCUIT STRUCTURE WITH IMPROVED LDMOS DESIGN

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of the priority date of United States Patent
Application Serial Number 10/315,517 filed December 10, 2002.

FIELD OF THE INVENTION

This invention relates to semiconductor circuitry and, more particularly, to
circuitry which integrates digital and power functions and methods for fabricating

such devices.
BACKGROUND

The level of device integration continues to rise and the performance
requirements of power devices on integrated circuitry continue to be more demanding.
As digital circuit components become more compact it is desirable to reduce overall
size of lateral power devices. However, as feature sizes shrink it is difficult to

maintain voltage operating ranges and tolerance to reverse bias conditions.

These issues are especially relevant to the consumer portable electronic
market. Performance demands require a growing array of peripheral functions, most
commonly including display drivers, RF interfacing, and battery operation. To meet
ever increasing consumer demands the portable designs must perform energy

management and power conversion functions with increased efficiency.

Power integrated circuitry such as used in portable power supplies typically
incorporates high voltage transistors with low voltage circuitry to efficiently manage
battery usage and energy conversion. Due to performance requirements of the power
device (e.g., fast switching speed, low “on” resistance and low power consumption
during switching operations) the power device of choice for many power integrated
circuits is the Lateral Double Diffused MOS transistor (LDMOS). When compared to
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bipolar transistor devices the LDMOS can provide relatively low on-resistance and
high breakdown voltage. However, with the drive to further reduce device sizes and
improve operational efficiencies, there remain limited means for sustaining or

improving these device characteristics.

Further reductions in on-resistance could be achieved by increasing the dopant
level in the LDMOS conductivity path, e.g., the drift region, or by reducing the length
of the drift region, but such approaches have trade-offs impacting other aspects of
device performance. For example, the lower resistances which would be achievable
with higher dopant concentrations can degrade device breakdown voltage
characteristics. Reductions in the length of the drift region can result in higher field

concentrations near the gate and also lead to lower breakdown voltages.

Because the consumer market of today demands integrated circuitry having
the combination of increased device density and lower power consumption, e.g., to
both extend battery life and reduce overall cost, the progression to finer line
geometries presents a challenge to develop techniques to design around inherent
limitations in device on-resistance énd breakdown voltages. Generally, it is a desire
in the art to improve the safe operating area of such devices while reducing power

dissipation.

SUMMARY OF THE INVENTION

According to the invention, a semiconductor device includes a semiconductor
layer with a pair of spaced-apart field effect gate structures on a surface of the
semiconductor layer. Each gate structure includes a first end portion facing the other
gate structure. First and second spaced-apart source regions of a first conductivity
type are formed in a portion of the layer between the pair of gate structures. The
portion of the surface between the first end portions is characterized by a first area
dimension. Each source region is self-aligned with respect-to one of the first end
portions. A lightly doped body region of a second conductivity type is formed in the
semiconductor layer and extends from below the source regions to below the gate

structures. A more heavily doped region of the second conductivity type extends into
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the portion of the surface between the first end portions, the region having an area

dimension along the surface less than the first area dimension.

Also provided is a semiconductor integrated circuit including an LDMOS
device structure comprising a semiconductor layer with a pair of spaced-apart field
effect gate structures over an upper surface of the semiconductor layer. First and
second spaced-apart source regions of a first conductivity type are formed in a portion
of the layer between the pair of gate structures with a first region of a second
conductivity type formed there between. A lightly doped body region of a second
conductivity type is formed in the semiconductor layer, extending from below the
source regions to below the gate structures and extending a variable depth into the
semiconductor layer. This body region is characterized by an inflection in depth in

that portion of the body region extending below the first region.

According to the invention a method of forming a semiconductor device
includes forming with a first mask level a pair of spaced-apart field effect gate
structures on a surface of a semiconductor layer. Each gate structure includes a first
end portion facing the other gate structure. With a second mask level first and second
spaced-apart source regions of a first conductivity type are formed in the layer and
between the pair of gate structures with a resulting region of the surface between the
first and second spaced-apart source regions having a first area dimension. A lightly
doped body region of a second conductivity type, also defined with the second mask
level, is formed in the semiconductor layer, extending below the source regions. A
more heavily doped region of the second conductivity type is formed in a portion of
the semiconductor layer having a surface with the first area dimension. The portion
corresponding to the more heavily doped region has a surface with an area dimension

smaller than the first area dimension.

BRIEF DESCRIPTION OF DRAWINGS
The invention will be more fully understood when the following detailed

description is read in conjunction with the drawings wherein:

Figure 1 is a partial view of a prior art semiconductor device;
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Figure 1A is a further view of the contacts made to a prior art device; and

Figures 2A through 2E provide partial views, in cross section, of a

semiconductor device in various stages of fabrication according to the invention.

In accord with common practice the various illustrated features in the
drawings are not to scale, but are drawn to emphasize specific features relevant to the
invention. Moreover, the sizes of features and the thicknesses of layers may depart
substantially from the scale with which these are shown. Reference characters denote

like elements throughout the figures and the text.

DETAILED DESCRIPTION OF THE INVENTION

In the following descriptions the dimensions provided are with reference to
distances taken along the corresponding view. In a cross sectional view, a width or
lateral dimension is intended to mean a distance along a horizontal dimension of the
view, while a height or depth is intended to mean a distance taken along a vertical
dimension of the view. For purposes of comparing example embodiments of the
invention with prior-known designs, it may be assumed that all devices illustrated are
fabricated with the same photolithographic capability. The disclosed embodiments

assume a feature size, i.e., line width geometry, of 0.35 micron.

Reference to a dopant implantation or resulting diffusion there from as being
self-aligned with respect to a feature or an associated structure means that the
implantation or diffusion is one resulting from using that structure as a mask element
such that, for example, implanted dopant, both before and after heat-activated
diffusion, will exhibit a characteristic profile in relation to the structure or an
associated feature. Although not specifically described herein, it will be understood
that implanted dopants associated with the invention undergo various heat-activated
diffusions during the fabrication process in order to acquire predictable post-diffusion
profile characteristics. It is also to be understood that when a layer is been described
or illustrated as positioned on or over another layer, there may be another intervening
layer (not illustrated) associated with the same or an alternate embodiment of the

invention.
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A conventional prior art lateral device design, shown in Figure 1, is formed in
an N- upper layer of semiconductor material. The figure illustrates a pair of spaced-
apart gate electrodes 2 each formed over a thermal oxide layer 4 and on the surface of
the N- layer. Spacing between the gate electrodes is more than three microns. A P-
type body 6 is formed by implantation through the surface of the N- layer and
between the gate electrodes. Insulating sidewall spacer elements are formed on each
side of each gate electrode 2. A pair of drain-side spacers 7 is illustrated. A pair of
source spacers (not illustrated) is formed on facing sides of the different gate
electrode 2 such that high dopant concentration source regions 8 are implanted in an

offset relation to the gate electrodes 2.

Concurrent with the implant forming the source regions 8, N+ drains 10 are
defined in spaced-apart relation to the gate electrodes 2 and through patterned
photoresist openings. To lower the source resistance, the source spacers are typically
removed (as illustrated) and a lower concentration N-type implant establishes lightly
doped source extension regions 14 in self-alignment with the gate electrodes 2. At the
same time, with the drain-side spacers 7 remaining, the N-type implant lowers the
resistivity in a portion of each drift region, i.e., in the volume of the N-upper layer
between each gate electrode 2 and an associated drain 10. This modification in
material resistivity contributes to establishment of a greater uniformity in electric field

across the drift region (i.e., the current path from gate to drain).

The regions implanted into the device of Figure 1 are later contacted by three
separate contacts as shown in Figure 1A. Note that the N+ source region is outside
the limits of the sidewall spacers. In order to contact the two N+ source regions and
the P+ body tie, the prior art device uses three separate contacts. Each contact area
has a minimum dimension that is limited by the process parameters. The contact area
for each contact has to be wide enough to provide for insulating material, such as
silicon dioxide, that will isolate one contact form another. As such, the prior art
device has at least three minimum contact areas between opposite sidewall spacers of
its gates. The relatively large source contact areas add to the leakage and the p-body

resistance underneath the N+ source area of the device.
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The invention overcomes the disadvantages of the prior art by reducing the
number of contact areas for the sources and body tie from three to one. This reduces
the spacing between gate structures, reduces the size of the source régions and thereby
reduces leakage and p-body resistance underneath. As a result, devices that use the
invention have a larger safe operating area.

Fabrication of an LDMOS pair 20 according to one embodiment of the
invention is shown in the partial cross sectional views of an integrated circuit
structure 25 shown in Figures 2A - 2F. The example sequentially illustrates relevant
steps in an N-channel LDMOS based on a 0.35 micron line width geometry,
beginning with a P- type semiconductor layer 30 having an upper surface 32 with a
plurality of N-wells 34 formed in the upper surface. This illustration contemplates a
CMOS integrated circuit having both N-channel and P-channel LDMOS devices
formed along the surface 32, but for purposes of illustration only, fabrication of the
pair of N-channel devices 20 is described in detail. Accordingly, it will be understood
that while N-channel devices 20 are formed in N-wells, the complimentary P-channel
devices are formed in the P-type region of the layer 30. The layer 30 may be

epitaxially grown on an underlying substrate (not illustrated).

With the exemplary LDMOS pair 20 being formed in an N-type well 34, only
a relevant portion of the associated N-well is shown in the figures. With reference to
Figures 2A and 2B, a pair of spaced-apart gate electrodes 38 is conventionally formed
on the surface 32, Each electrode 38 includes an end portion 40a which faces the other
electrode 38, and each electrode further includes an end portion 40b which faces away
from the other electrode 38. See Figure 2B. A preferred width between the end

portions 40a is about one micron.

An implant mask level of photoresist 44 is deposited and patterned over the
surface 32 of the layer 30, with an element 48 spaced between the end portions 40a of
the illustrated electrodes 38 to create two spaced-apart openings 52, each
approximately 0.3 micron in width, suitable for receiving source implants. The resist
element 48, preferably having a width on the order of 0.4 micron, is intended to
isolate a sufficient region 50 of the surface 32 between the openings 52 from
receiving implantation in order to assure separation of doped regions after lateral

diffusion. With the photoresist 44 in place, a hetero-doping implant is performed to
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provide a shallow N-type source dopant along the surface 32 and a deeper P-type
dopant within the N-well to form a body region. The photoresist 44 is then removed.
See Figure 2B, which illustrates formation of sources 56 and body region 58 after
diffusion. Preferably, the source implant is on the order of 3x10"cm™ (Arsenic) at

30 KeV while the body region implant is on the order of 5x10"”cm? to 1x10"cm™

(Boron) at 60 KeV. Conventional N-type drains 60, formed with separate photomask
and implant steps, are also illustrated. The drains 60 may be formed in conjunction

with formation of other CMOS devices along other portions of the surface 32.

After the hetero-doping step to establish source and body region implants,
sidewall spacer elements 64 are formed on the gate end portions 40a and may, as
illustrated in Figure 2C, also be formed on the gate end portions 40b. The spacer
elements 64 may be formed by deposit of insulating material, such as a silicon oxide

or silicon nitride, followed by an anisotropic etch.

With spacer elements 64 positioned against each gate end portion 40a, regions
over the surface extending from the gate electrode end portions 40b to past the drains
60 are masked with patterned photoresist 66. See Figure 2D wherein exposed
portions of the surface 32 receive a P+ implant 68 on the order of 1x10”cm? to
3x10%cm? (Boron or BF2) at 80 KeV to form a body tie 70. The body tie extends
through the source regions and is self-aligned with the adjacent spacer elements 64.
That is, the body tie is nested within the region underlying the surface 32 which is
occupied by the sources. According to the invention this arrangement allows a lateral
offset of the source implants with respect to the body tie implant such that the
resulting sources 56 are offset with respect to the body tie 70. In the resulting
structure (after diffusion) each source is in self-alignment with an adjacent gate end
portion 40a while the body tie is in self-alignment with each adjacent spacer element
64. Preferably, the implant 68 is used to simultaneously form CMOS P+ source/drain
diffusions for digital circuitry on the integrated circuit structure 25.

As shown in Figure 2D the fully formed body tie 70 reaches into the
semiconductor layer 30, i.e., into the well 34 and body 58, below the source regions
56. A feature of this structure is that a significant portion of each source 56

positioned beneath an overlying spacer element 64 retains a relatively heavy net
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dopant concentration while the nested body tie is also of low resistivity and small
lateral dimension. After removal of the photoresist mask 66, metal such as tungsten,
titanium or cobalt is deposited and reacted to form gate silicide 74 and source/body tie

silicide 76. Figure 2E illustrates the structure 25 after the silicidation process.

An improved LDMOS device has been described. The resulting device has
improved on-resistance and safe operating area of operation. A feature of the
invention is the heterodoping implant of Figures 2A and 2B which provides the
source regions 56 and the body region 58 with one mask level, thus reducing the
number of masks required to form an LDMOS having improved performance
characteristics. Notably, the heterodoping feature results in the combination of
spaced-apart source regions 56 about the region 50 and an inflection 76 in the depth
of the portion of the body region under the region 50, both of these features being
attributable to the presence of the mask element 48 during the heterodoping process.
Thus, the depth of the body region into the semiconductor layer is relatively deep

under the gate electrodes compared to the depth under the first region.

Another feature of the invention is the provision of source regions
characterized by a relatively constant lateral dopant profile between the heavily doped
region of the second conductivity type and the portion of the semiconductor layer
underlying an adjacent gate structure, e.g., an electrode 38. That is, the source regions
may be formed with a single dopant implant of the net conductivity type, whereas in
the past the source structures have required a combination of heavily doped regions
(e.g., regions 8 of Figure 1) and more lightly doped regions (e.g., extension regions 14
of Figure 1) to effect lower device on-resistance. The low specific on-resistance of
devices constructed according to the invention results from the reduced device unit
size, e.g., achievable with self-aligned formations such as illustrated in the figures.
An improved safe operating area of operation results from reduced body resistance,
small source space area, a shallow source junction and the retrograde doping profile

of the body region, e.g., region 58.

To effect the small dimensions which facilitate improved operating
performance, spacer elements, e.g., the spacers 64 adjacent the gate electrode end

portions 40a and 40b, provide a fine line geometry mask to enable small source areas.
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In addition, the self-aligned salicidation (salicide) process enables low contact
resistances due to no heavy dopant compensation in critical contact areas such as the
body tie region and source regions. Both the body tie 70 and the associated salicide
layer 76 are self-aligned with respect to the source regions 56. The invention
recognizes that the N+ source implants do not have to be the same size and the drain
implants. .

The invention uses the sidewall oxide spacers on the gates to mask the N+
source implants from the P+ tie implant. With the invention, the N+ source implants
are made before the sidewall spacers. The process of the invention uses one masking
step for implanting the N+ sources and the P- body. The invention eliminates the
separate P- body masking step required by the prior art. The invention provides a
single, silicide contact that is self-aligned to the two N+ sources, the P+ body tie, and
the overlap of the N+ sources and P+ body tie. The number of contacts are reduced
from three (prior art) to one. The single contact between the gates provides a denser
device and the device has a wider safe operating area because its small sources have
less leakage and p-body resistance underneath than the larger sources of prior art
devices.

An architecture and process have been described for an improved
semiconductor device. Exemplary embodiments have been disclosed while other
embodiments of the invention, including structures composed of different
semiconductor, insulating and conductive materials will be apparent. Moreover,
although the invention has been illustrated for one set of conductivity types,
application of the invention is contemplated for opposite conductivity-type devices as
well. Because the invention may be practiced in a variety of ways, the scope of the

invention is only limited by the claims which now follow.
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I claim;

1. A semiconductor device comprising:

a semiconductor layer;

a pair of spaced-apart field effect gate structures on a surface of the
semiconductor layer, each gate structure including a first end portion facing the other
gate structure; A

first and second spaced-apart source regions of a first conductivity type in a
portion of the layer between the pair of gate structures, the portion of the surface
between the first end portions having a first area dimension, and each source region
self-aligned with respect to one of the first end portions;

a lightly doped body region of a second conductivity type in the
semiconductor layer and extending from below the source regions to below the gate
structures; and ‘

a more heavily doped region of the second conductivity type extending into
the portion of the surface between the first end portions and having an area dimension

along the surface less than the first area dimension.

2. The device of claim 1 wherein the first and second source regions each extend

beneath a different gate structure end portion.
3. The device of claim 1 wherein the source regions have been formed in spaced-
apart relation to one another by the positioning of a mask layer element over a portion

of the surface between the pair of source regions.

4, The device of claim 1 further including first and second sidewall spacers each

positioned over a different source region and against a different first end portion.

5. The device of claim 4 wherein the lightly doped body region of the second

conductivity type is self-aligned with respect to the first and second sidewall spacers.

6. The device of claim 4 wherein the portion of the surface over the semiconductor

layer between the first and second sidewall spacers comprises silicide.

10
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7. The device of claim 1 wherein the lightly doped body region of the second
conductivity type is positioned to function as a body tie.

8. The device of claim 5 wherein the lightly doped body region of the second
conductivity type is positioned to function as a body tie.

9. The device of claim 1 wherein at least some of the portion of the surface having a

first area dimension comprises silicide.

10. The device of claim 1 wherein the source regions are of N-type conductivity.

11. The device of claim 1 wherein the first and second source regions are formed

with a single dopant implantation.

12. The device of claim 1 wherein each source region is characterized by a relatively
constant lateral dopant profile between the heavily doped region of the second
conductivity type and the portion of the semiconductor layer underlying an adjacent

gate structure.

13. The device of claim 1 wherein the first and second spaced-apart source regions
and the lightly doped body region are formed in a heterodoping implant using the

same photomask.

14. The device of claim 8 wherein the lightly doped body region is implanted with a

higher energy than the source regions.

15. The device of claim 1 wherein the distance between the gate structures is one

micron or less.
16. The device of claim 1 further including, on a side of each gate structure opposite

the side on which the source regions are formed, a drain region of the same

conductivity type as the source regions.

11



10

15

20

25

30

WO 2004/053939 PCT/US2003/038931

17. A method of forming a semiconductor device comprising:

providing a layer of semiconductor material;

forming with a first mask level a pair of spaced-apart field effect gate
structures on a surface of a semiconductor layer, each structure including a first end
portion facing the other gate structure;

forming with a second mask level first and second spaced-apart source regions
of a first conductivity type in the layer and between the pair of gate structures with a
resulting region of the surface between the first and second spaced-apart source
regions having a first area dimension;

also forming with the second mask level a lightly doped body region of a
second conductivity type in the layer and extending below the source regions; and

forming a more heavily doped region of the second conductivity type in a
portion of the semiconductor layer having a surface with the first area dimension, said

portion having a surface with an area dimension smaller than the first area dimension.

18. The method of claim 17 wherein the source regions are formed with a single

implantation step of the first conductivity type.

19. The method of claim 17 wherein each source region is formed in self-alignment

with a different gate structure end portion.

20. The method of claim 19 wherein the source regions are formed in spaced-apart
relation to one another by the positioning of a mask layer element over the portion of

the surface of the semiconductor layer between the pair of source regions.

21. The method of claim 17 wherein the source regions each extend beneath a gate

structure end portion.

22. The method of claim 17 further including forming a sidewall spacer against a first
end portion and over the source region prior to forming the more heavily doped region
so that the more heavily doped region is formed in self-alignment with respect to said

first end portion.

12



WO 2004/053939 PCT/US2003/038931

10

15

20

25

30

23. The method of claim 17 further including the step of forming, prior to forming
the more heavily doped region, a sidewall spacer over each source region and against

one of the first end portions.

24. A semiconductor integrated circuit including an LDMOS device structure
comprising;

a semiconductor layer;

a pair of spaced-apart field effect gate structures over an upper surface of the
semiconductor layer;

first and second spaced-apart source regions of a first conductivity typeina
portion of the layer between the pair of gate structures with a first region of a second
conductivity type there between; and

a lightly doped body region of a second conductivity type in the
semiconductor layer, extending from below the source regions to below the gate
structures and extending a variable depth into the semiconductor layer, characterized
by an inflection in the depth of the body region in the portion of the body region

extending below the first region.

25. The integrated circuit of claim 24 wherein the depth of the body region into the
semiconductor layer is relatively deep under the gate structures compared to the depth

under the first region.

26. The device of claim 24 further including a more heavily doped region of the
second conductivity type extending into the portion of the semiconductor layer

between the gate structures.

27. A semiconductor device comprising:

a semiconductor layer;

a pair of spaced-apart field effect gate structures on a surface of the
semiconductor layer, each gate structure including an insulated sidewall end portion
facing the other gate structure;

first and second spaced-apart heavily doped source regions of a first
conductivity type in a portion of the layer between the pair of gate structures, the

portion of the surface between insulated sidewall end portions having a first area

13
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dimension, and each source region self-aligned with respect to one of the insulated
sidewall end portions;

a lightly doped body region of a second conductivity type in the
semiconductor layer and extending from below the source regions to below the gate

5  structures;

a more heavily doped body tie region of the second conductivity type
extending into the portion of the surface between the first end portions and having an
area dimension along the surface less than the first area dimension; and

a common silicide contact for the heavily doped source regions and the body

10 tie region.

14
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