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(57) Abstract: During fabrication, a second oxide layer is disposed over a first re-
gion and a second region of a structure. The second region includes a first oxide
layer between the second oxide layer and an epitaxial layer. The first region cor-
responds to an active region of a metal-insulator-semiconductor field eftect tran-
sistor (MISFET), and a first-type dopant source region, a second-type dopant
body region, and a second-type dopant implant region are formed in the first re-
gion. The second region corresponds to a termination region of the MISFET. A
mask is formed over the second region, and parts of the second oxide layer and the
first oxide layer that are exposed through the gaps are removed, thereby exposing
the epitaxial layer. Second-type dopant is deposited into the epitaxial layer
through the resultant openings in the first and second oxide layers, thereby form-
ing field rings for the MISFET.
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PROCESSES USED IN FABRICATING
A METAL-INSULATOR-SEMICONDUCTOR FIELD EFFECT TRANSISTOR

BACKGROUND
[0001] The manufacture of a metal-insulator-semiconductor field effect transistor
(MISFET) device (e.g., a metal-oxide-semiconductor field effect transistor (MOSFET))

includes a number of critical photolithographic masking and alignment processes/steps.

[0002] U.S. Patent No. 5,302,537 discusses the use of three mask processes for
fabricating the active cell region and the termination region of a low-voltage MISFET.
However, the processes described in that patent are inadequate for building a reliable high-

voltage (greater than 80 volts (V)) device.

[0003] Field or termination rings that terminate the planar junction of the active cell
region are commonly used to achieve a high-voltage device. U.S. Patent No. 5,795,793
discusses the use of three mask processes for fabricating the active region of a MOSFET.
An additional three masks are needed to form the termination rings, meaning at least six

masks are needed to manufacture a high-voltage device.

[0004] Reducing the number of masks needed to manufacture a high-voltage device

can decrease manufacturing costs and increase yield.

SUMMARY

[0005] Embodiments according to the present invention pertain to processes used in
fabricating a metal-insulator-semiconductor field effect transistor (MISFET), in particular a
high-voltage (e.g., greater than 80 V) MISFET, and also pertain to devices fabricated using

such processes.

[0006] In an embodiment according to the invention, during fabrication of a MISFET
(e.g., a MOSFET), a second oxide layer is disposed over a first region and a second region
of a structure. The structure includes a semiconductor substrate with an n-type epitaxial

layer. The first region corresponds to an active region of the MISFET, and the second
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region corresponds to a termination region of the MISFET. The second region includes a
first oxide layer between the second oxide layer and an epitaxial layer. A first-type dopant
source region, a second-type dopant body region, and a second-type dopant implant
region are formed in the first region. A mask is formed over the second region, and parts
of the second oxide layer and the first oxide layer in the second region that are exposed
through gaps in the mask are removed, thereby exposing the epitaxial layer. Second-type
dopant is deposited through the resultant openings in the first and second oxide layers into

the epitaxial layer in the second region, thereby forming field rings for the MISFET.

[0007] More specifically, in one embodiment, a first oxide layer is deposited over an
epitaxial layer of a structure. A first mask is formed over the first oxide layer. The first
mask defines a second region corresponding to the termination region of the MISFET. The
first oxide layer is removed from around the first mask to define a first region corresponding
to the active region of the MISFET. After removing the first mask, a polysilicon layer is
deposited over the first region and the second region. A second mask is formed over the
polysilicon layer. The polysilicon layer is removed from around the second mask to form
an opening in the polysilicon layer in the first region, thereby exposing the epitaxial layer.
A first-type dopant source region, a second-type dopant body region, and a second-type
dopant implant region are formed in the epitaxial layer through the opening. After the
second mask is removed, a second oxide layer is deposited over the first region and the
second region. A third mask is formed over at least the second region. The third mask
includes mask elements separated by gaps, and parts of the second oxide layer and the
first oxide layer that are exposed through the gaps are removed, thereby exposing the
epitaxial layer. Also, in the second region, second-type dopant is deposited through the
resultant openings in the first and second oxide layers into the epitaxial layer, thereby
forming field rings for the MISFET. After the third mask is removed, a metal layer is
deposited over the first region and the second region. A fourth mask is formed over the
metal layer, and the metal layer is removed from areas around the fourth mask. After the
fourth mask is removed, a passivation layer is deposited over the first region and the
second region. A fifth mask is formed over the passivation layer, and the passivation layer
is removed from around the fifth mask to form source and gate bond pad regions for the
MISFET.
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[0008] In one embodiment, the gaps in the third mask are uniformly sized and
uniformly spaced. In one such embodiment, each of the gaps is between approximately
0.5 and 0.8 microns in width, and each of the mask elements has a width of approximately

1.8 microns.

[0009] In one embodiment, the third mask also includes mask elements over the first
region. These mask elements are separated by a gap. Parts of the second oxide layer
and the first-type dopant source region that are exposed through that gap are removed,

thereby also exposing the second-type dopant implant region.

[0010] In summary, in embodiments according to the invention, five masks/mask
steps are used. Generally speaking, the number of masks is reduced relative to
conventional processes, from six masks to five masks, thus reducing manufacturing costs

and increasing yield.

[0011] These and other objects and advantages of embodiments according to the
present invention will be recognized by one skilled in the art after having read the following

detailed description, which are illustrated in the various drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are incorporated in and form a part of
this specification, illustrate embodiments of the invention and, together with the description,
serve to explain the principles of the invention. Like numbers denote like elements

throughout the drawings and specification.

[0013] Figures 1A, 1B, and 1C are flowcharts showing examples of processes

performed in fabricating a MISFET in an embodiment according to the present invention.

[0014] Figures 2, 3, 4, 5, 6, 7, 8, 9, and 10 are cross-sectional views of a portion of a
MISFET at various points during fabrication in an embodiment according to the present

invention.
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DETAILED DESCRIPTION

[0015] In the following detailed description of the present invention, numerous
specific details are set forth in order to provide a thorough understanding of the present
invention. However, it will be recognized by one skilled in the art that the present invention
may be practiced without these specific details or with equivalents thereof. In other
instances, well-known methods, procedures, components, and circuits have not been

described in detail as not to unnecessarily obscure aspects of the present invention.

[0016] The figures are not drawn to scale, and only portions of the structures, as
well as the various layers that form those structures, may be shown in the figures.

[0017] As used herein, the letter “n” refers to an n-type dopant and the letter “p

refers to a p-type dopant. A plus sign “+” or a minus sign “-” is used to represent,

respectively, a relatively high or relatively low concentration of the dopant.

[0018] The term “channel” is used herein in the accepted manner. That is, current
moves within a FET in a channel, from the source connection to the drain connection. A
channel can be made of either n-type or p-type semiconductor material; accordingly, a FET
is specified as either an n-channel or p-channel device. The disclosure is presented in the
context of an n-channel device, specifically an n-channel MISFET (e.g., a MOSFET);
however, embodiments according to the present invention are not so limited. That is, the
features described herein can be utilized in a p-channel device. The disclosure can be
readily mapped to a p-channel device by substituting, in the discussion, n-type dopant and

materials for corresponding p-type dopant and materials, and vice versa.

[0019] Figures 1A, 1B, and 1C illustrate a flowchart 100 of processes for fabricating
a device (e.g., an n-channel MISFET) in an embodiment according to the present
invention. As mentioned above, although the flowchart 100 is described using an n-
channel device as an example, the processes can be readily adapted to manufacture a p-
channel device. Also, other fabrication processes and steps may be performed along with

the processes and steps discussed herein; that is, there may be a number of process steps
4
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before, in between and/or after the steps shown and described herein. Generally
speaking, embodiments according to the present invention can replace portions of a
conventional fabrication process without significantly affecting peripheral processes and

steps.

[0020] In block 102, with reference also to Figure 2, a semiconductor substrate 202
with an n-type epitaxial (epi) layer 204 is covered by a field oxide layer 206. The field oxide
layer 206 may also be referred to herein as a first oxide layer. The thickness and doping
profile of the epi layer 204 is specified by design to have a given breakdown voltage,

particularly a breakdown voltage for a high voltage device.

[0021] In block 104, a first mask 208 is formed over the field oxide layer 206. The
first mask 208 is used to define a region (which may be referred to herein as the first
region) that corresponds to the active region of the device, and also defines a region
(which may be referred to herein as the second region) that corresponds to the termination

region of the device.

[0022] In block 106 of Figure 1A, with reference also to Figure 3, the field oxide layer
206 is removed from around the first mask 208, thereby defining the first (active) region
and the second (termination) region. The field oxide layer 206 remains in the second

region. The first mask 208 can then be removed.

[0023] An n-type dopant can then be implanted and driven into the first region and
into the second region around the remaining field oxide layer 206 as shown in Figure 3. A
high-quality gate oxide layer 409 (Figure 4) is formed after etching out the oxide formed

during the drive and subsequent surface clean.

[0024] In block 108 of Figure 1A, with reference also to Figure 4, a polysilicon layer

410 is deposited over the first and second regions.
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[0025] In block 110, a second mask 412 is formed over the polysilicon layer 410.
The second mask 412 includes a number of mask elements separated by gaps, as shown
in Figure 4.

[0026] In block 112 of Figure 1A, with reference also to Figure 5, the polysilicon
layer 410 and the gate oxide layer 409 are removed from around the second mask 412 to
form openings (e.g., the opening 514) in the polysilicon layer 410 in the first region, thereby

exposing the epitaxial layer 204.

[0027] In block 114 of Figure 1A, an n-type dopant source region 516 and a p-type
dopant body region 518 are formed in the epitaxial layer 204 through the opening 514 and
other such openings, as shown in Figure 5. More specifically, in one embodiment, the
body region 518 is formed by introducing a p-type dopant (e.g., boron) by ion implantation
into the region defined by the opening 514. A succeeding drive completes formation of the
body region 518. Next, a shallow n-type dopant (e.g., arsenic) is introduced through the

opening 514 to form the source region 516.

[0028] In block 116 of Figure 1B, at this particular point in the process, spacers 522
are formed on each side of the opening 514 by deposition and etch-back of an oxide layer
of suitable thickness. As shown in Figure 5, the spacers are in contact with the polysilicon
layer 410 and also in contact with the source region 516. Next, a p-type (p+) dopant
implant (e.g., boron) is used to form the implant region 520 below the source region 516,
using the spacers 522 to define the boundaries of the implant region 520. The spacers 522
offset the source region 516 and implant region 520 relative to one another and prevent the
implant region 520 from diffusing beyond the edge of the source region 516, which would

increase the device’s threshold voltage.

[0029] In block 118 of Figure 1B, with reference also to Figure 6, after the second
mask 412 (Figure 4) is removed, a second oxide layer 624 (e.g., a low-temperature oxide
(LTO) layer) is deposited over the first region and the second region.
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[0030] In block 120 of Figure 1B, a third mask 626 is formed over the first region and
over the second region. In the second (termination) region, the third mask 626 includes

mask elements 628 that are separated by gaps 630.

[0031] In one embodiment, the gaps 630 in the third mask 626 are uniformly sized
and uniformly spaced. That is, in one embodiment, the width of each of the gaps 630 in
the second region is approximately the same (within design and manufacturing tolerances),
and the width of each of the mask elements 628 in the second region is approximately the
same (within design and manufacturing tolerances). In one such embodiment, each of the
gaps 630 is between approximately 0.5 and 0.8 microns in width, and each of the mask

elements 628 has a width of approximately 1.8 microns.

[0032] As described below, the third mask 626 is used to form field rings in the
termination region of the device. The field rings, and hence the mask elements 628 and
gaps 630, do not have to be uniformly sized and spaced. In general, the dimensions (width
and spacing) of the mask elements 628 and gaps 630 are chosen so that the field rings are
formed close enough to each other to allow depletion to proceed laterally from the active
region to the field ring closest to the active region, then to the next closest field ring, and so

on.

[0033] In block 122 of Figure 1B, with reference to Figure 7, parts of the second
oxide layer 624 in the second region and parts of the field oxide layer 206 in the second
region that are exposed through the gaps 630 are removed, thereby exposing the epitaxial

layer 204 in the second region through those gaps.

[0034] In block 124, a p-type dopant is deposited (e.g., implanted and driven) into
the epitaxial layer 204 in the second region through the resulting gaps in the field oxide
layer 206 and the second oxide layer 624 (corresponding to the gaps 630), thereby forming
field rings 736 for the MISFET. The field rings 736 can be formed in this manner before or
after the third mask is removed. The p-type implant-and-drive is chosen so as to obtain a

field ring junction depth that achieves the specified breakdown voltage for the high-voltage
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device. In one embodiment, a metal field plate (not shown) is connected to each field ring
(e.g., there is a field plate per field ring).

[0035] In one embodiment, based on the mask dimensions mentioned above, the
width of each of the field rings 736 is about the same as the width of the gaps 630, and are
separated from each other by a distance about the same as the width of the mask
elements 628. As mentioned above, the field rings 736 do not have to be uniformly sized

and spaced.

[0036] With reference back to Figure 6, the third mask 626 also includes mask
elements 632 over the first region. The mask elements 632 are separated by gaps (e.g.,
the gap 634) that are critically aligned to the openings in the polysilicon layer 410 (e.g., the
opening 514 of Figure 5) in the first region.

[0037] In block 126 of Figure 1B, parts of the second oxide layer 624 and the source
region 516 in the first region that are exposed through the gaps (e.g., the gap 634) are

removed, thereby also exposing the implant region 520 as shown in Figure 7.

[0038] In block 128 of Figure 1B, with reference to Figure 8, after the third mask 626
(Figure 6) is removed, a metal layer 838 is deposited over the first region and the second

region, in contact with the source region 516 and the implant region 520.

[0039] In block 130 of Figure 1C, a fourth mask 840 is formed over the metal layer
838.

[0040] In block 132 of Figure 1C, with reference also to Figure 9, the metal layer 838
is removed from areas around the fourth mask 840.

[0041] In block 134, after the fourth mask 840 is removed, a passivation layer 942 is
deposited over the first region and the second region. In the second region, the
passivation layer 942 extends into the gaps between the remaining portions of the first
oxide layer 206 and the second oxide layer 624, above the field rings 736.

8
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[0042] In block 136, a fifth mask 944 is formed over the passivation layer 942.

[0043] In block 138 of Figure 1C, with reference also to Figure 10, the passivation
layer 942 is removed from around the fifth mask to form source bond pad regions (e.g., the
region 1046) and gate bond pad regions (e.g., the region 1048) for the device.

[0044] Thus, in embodiments according to the present invention, a high-voltage
MISFET (e.g., MOSFET) can be manufactured using only five masks: the masks of block
104 (the active mask 208), block 110 (the poly mask 412), block 120 (the contact mask
626), block 130 (the metal mask 840), and block 136 (the passivation mask 944), used in
that order.

[0045] Relative to conventional processes, the number of masks is reduced, from six
masks to five masks, thus reducing manufacturing costs and increasing yield.

[0046] The foregoing descriptions of specific embodiments of the present invention
have been presented for purposes of illustration and description. They are not intended to
be exhaustive or to limit the invention to the precise forms disclosed, and many
modifications and variations are possible in light of the above teaching. The embodiments
were chosen and described in order to best explain the principles of the invention and its
practical application, to thereby enable others skilled in the art to best utilize the invention
and various embodiments with various modifications as are suited to the particular use
contemplated. It is intended that the scope of the invention be defined by the claims

appended hereto and their equivalents.
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CLAIMS

What is claimed is:

1. A process used in fabricating a metal-insulator-semiconductor field-effect
transistor (MISFET), said process comprising:

depositing a second oxide layer over a first region and a second region of a
structure, said second region comprising a first oxide layer between said second oxide
layer and an epitaxial layer, said first region having formed therein a first-type dopant
source region, a second-type dopant body region, and a second-type dopant implant
region, said first region corresponding to an active region of said MISFET and said second
region corresponding to a termination region of said MISFET;

forming a mask over said second region, said mask comprising a first plurality of
mask elements separated by gaps;

removing parts of said second oxide layer and said first oxide layer that are exposed
through said gaps, thereby exposing said epitaxial layer; and

depositing second-type dopant into said epitaxial layer through openings formed by
said removing parts of said second oxide layer and said first oxide layer, thereby forming
field rings for said MISFET.

2. The process of Claim 1, wherein said mask further comprises a second plurality
of mask elements over said first region, said mask elements in said second plurality
separated by a gap, said process further comprising removing parts of said second oxide
layer and said first-type dopant source region that are exposed through said gap, thereby
also exposing said second-type dopant implant region.

3. The process of Claim 2, further comprising:

depositing a metal layer over said first and second regions after said exposing said
second-type dopant implant region;

forming a second mask over said metal layer; and

removing said metal layer from areas around said second mask, said metal layer in
contact with said first-type dopant source region and said second-type dopant implant
region.

10
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4. The process of Claim 3, further comprising forming a passivation layer over said
first and second regions, said passivation layer extending into said openings formed by
said removing parts of said second oxide layer and said first oxide layer.

5. The process of Claim 1, further comprising, prior to said depositing said second
oxide layer:

depositing a polysilicon layer over at least said first region;

removing a portion of said polysilicon layer to expose an area of said first region in
which said first-type dopant source region, said second-type dopant body region, and said
second-type dopant implant region are subsequently formed; and

after forming said first-type dopant source region and said second-type dopant body
region, and before forming said second-type dopant implant region, forming a spacer in
contact with a remaining portion of said polysilicon layer and also in contact with said first-
type dopant source region.

6. The process of Claim 1, wherein said gaps are uniformly sized and uniformly
spaced.

7. The process of Claim 1, wherein each of said gaps is between approximately 0.5
and 0.8 microns in width, and wherein each of said mask elements has a width of

approximately 1.8 microns.

8. The MISFET fabricated by the process of Claim 1.

9. A method for fabricating a metal-insulator-semiconductor field-effect transistor
(MISFET), said method comprising:

depositing a first oxide layer over an epitaxial layer of a structure;

forming a first mask over said first oxide layer, said first mask defining a second
region corresponding to a termination region of said MISFET, said first oxide layer removed
from around said first mask to define a first region corresponding to an active region of said
MISFET;

11
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after removing said first mask, depositing a polysilicon layer over said first region
and said second region;

forming a second mask over said polysilicon layer, said polysilicon layer removed
from around said second mask to form an opening in said polysilicon layer in said first
region, thereby exposing said epitaxial layer, wherein a first-type dopant source region, a
second-type dopant body region, and a second-type dopant implant region are formed in
said epitaxial layer through said opening;

after said second mask is removed, depositing a second oxide layer over said first
region and said second region;

forming a third mask over said second region, said third mask comprising a first
plurality of mask elements separated by gaps, wherein parts of said second oxide layer
and said first oxide layer that are exposed through said gaps are removed, thereby
exposing said epitaxial layer, wherein further second-type dopant is deposited into said
epitaxial layer through openings formed by removing said parts of said second oxide layer
and said first oxide layer, thereby forming field rings for said MISFET;

after said third mask is removed, depositing a metal layer over said first region and
said second region;

forming a fourth mask over said metal layer, said metal layer removed from areas
around said fourth mask;

after said fourth mask is removed, depositing a passivation layer over said first
region and said second region; and

forming a fifth mask over said passivation layer, said passivation layer removed from
around said fifth mask to form source and gate bond pad regions for said MISFET.

10. The method of Claim 9, wherein said third mask further comprises a second
plurality of mask elements over said first region, said mask elements in said second
plurality separated by a gap, said method further comprising removing parts of said second
oxide layer and said first-type dopant source region that are exposed through said gap,

thereby also exposing said second-type dopant implant region.

11. The method of Claim 9, further comprising, after forming said first-type dopant

source region and said second-type dopant body region, and before forming said second-
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type dopant implant region, forming spacers on each side of said opening, said spacers in
contact with a remaining portion of said polysilicon layer and also in contact with said first-

type dopant source region.

12. The method of Claim 9, wherein said gaps in said third mask are uniformly
sized and uniformly spaced.

13. The method of Claim 9, wherein each of said gaps in said third mask is between
approximately 0.5 and 0.8 microns in width, and wherein each of said mask elements has a

width of approximately 1.8 microns.

14. The MISFET fabricated by the process of Claim 9.

15. A method for fabricating a metal-insulator-semiconductor field-effect transistor
(MISFET), said method comprising:

removing a first oxide layer of a structure from around a first mask to define a first
region corresponding to an active region of said MISFET and to expose an epitaxial layer
underlying said first oxide layer, said first mask covering a second region corresponding to
a termination region of said MISFET;

after removing said first mask and depositing a polysilicon layer over said first and
second regions, removing said polysilicon layer from an area in said first region that is not
covered by a second mask, thereby forming an opening in said polysilicon layer and
exposing said epitaxial layer, wherein a first-type dopant source region, a second-type
dopant body region, and a second-type dopant implant region are formed in said epitaxial
layer through said opening;

after removing said second mask and depositing a second oxide layer over said first
and second regions, removing said first oxide layer and said second oxide layer from areas
in said second region that are exposed through gaps in a third mask, thereby exposing said
epitaxial layer in said second region, wherein further second-type dopant is deposited into
said epitaxial layer in said second region through openings formed by said removing said
first oxide layer and said second oxide layer from areas in said second region, thereby

forming field rings for said MISFET;
13
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after removing said third mask and depositing a metal layer over said first and
second regions, removing said metal layer from around a fourth mask; and

after removing said fourth mask and depositing a passivation layer over said first
and second regions, removing said passivation layer from around a fifth mask to form

source and gate bond pad regions for said MISFET.

16. The method of Claim 15, further comprising removing parts of said second
oxide layer and said first-type dopant source region that are exposed through a gap in said
third mask over said first region, thereby also exposing said second-type dopant implant

region.

17. The method of Claim 15, further comprising, after forming said first-type dopant
source region and said second-type dopant body region, and before forming said second-
type dopant implant region, forming spacers on each side of said opening, said spacers in
contact with a remaining portion of said polysilicon layer and also in contact with said first-

type dopant source region.

18. The method of Claim 15, wherein said gaps in said third mask are uniformly

sized and uniformly spaced.
19. The method of Claim 15, wherein each of said gaps in said third mask is
between approximately 0.5 and 0.8 microns in width, and wherein each of said mask

elements has a width of approximately 1.8 microns.

20. The MISFET fabricated by the process of Claim 15.
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