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ISOLATED ZENER DIODE
BACKGROUND
[0001] 1. Field of the Invention
[0002] The disclosed embodiments relate to Zener diodes

and, more particularly, to an isolated Zener diode structure
having a scalable reverse-bias breakdown voltage (V,), to an
integrated circuit incorporating multiple instances of the
Zener diode, at least two of which have different reverse-bias
breakdown voltages, to a method of forming the Zener diode
and to a design structure for the Zener diode.

[0003] 2. Description of the Related Art

[0004] Zener diodes, like conventional diodes, allow cur-
rent to flow in a forward direction. However, Zener diodes
exhibit a reverse-bias breakdown voltage (V) that is low
relative that of conventional diodes. Specifically, in the case
of'a conventional diode, current typically does not flow, when
the diode is reverse-biased (i.e., when the voltage on the
N-type cathode region of the diode is greater than the voltage
on the P-type anode region). However, a large breakdown
current will flow, when the diode is reverse-biased and the
voltage on the N-type cathode region exceeds the reverse-bias
breakdown voltage (V). In the case of a Zener diode, the
reverse-bias breakdown voltage (V) is relatively low. As a
result, Zener diodes can be used to protect other circuits
against over-voltage conditions. For example, Zener diodes
can be used as voltage regulators or as electrostatic discharge
(ESD) protection circuits.

[0005] Unfortunately, in order to achieve such a relatively
low reverse-bias breakdown voltage (V ), additional masking
and doping processes are required to either form the P-type
anode region or N-type cathode region of the Zener diode or
to add an additional amount of dopant to an already formed
P-type anode region or N-type cathode region of the Zener
diode. These additional masking and doping processes can be
costly and time consuming. Thus, there is a need in the art for
a Zener diode structure and method of forming the structure
that allows a desired, relatively low, reverse-bias breakdown
voltage (V,) to be achieved without requiring additional
masking and doping processes.

SUMMARY

[0006] In view of the foregoing, disclosed herein are
embodiments of an isolated Zener diode structure having a
scalable reverse-bias breakdown voltage (V) as a function of
the position of a cathode contact region relative to the inter-
face between adjacent cathode and anode well regions. Spe-
cifically, cathode and anode contact regions are positioned
adjacent to corresponding cathode and anode well regions
and are further separated by an isolation region. While the
anode contact region is contained entirely within the anode
well region, one end of the cathode contact region can extend
laterally into the anode well region. The length of this end
(i.e., the length of the portion of the cathode contact region
that extends from the cathode well region to anode well region
interface to the isolation region) can be selectively adjusted in
orderto selectively adjust the reverse-bias breakdown voltage
(V,) of the Zener diode. Specifically, increasing this length
reduces the reverse-bias breakdown voltage (V,) of the Zener
diode and vice versa. Also disclosed herein are embodiments
of'an integrated circuit incorporating multiple instances of the
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Zener diode, having different reverse-bias breakdown volt-
ages, of a method of forming the Zener diode and of a design
structure for the Zener diode.

[0007] More particularly, disclosed herein are embodi-
ments of a Zener diode. This Zener diode can comprise a
semiconductor layer, a first well region in the semiconductor
layer and a second well region in the semiconductor layer
positioned laterally adjacent to and abutting the first well
region at an interface. The first well region can have a first
type conductivity and the second well region can have a
second type conductivity different from the first type conduc-
tivity.

[0008] This Zener diode can further comprise a first contact
region and a second contact region. The first contact region
can have the first type conductivity at a relatively higher
conductivity level than the first well region, can be positioned
at the top surface of the semiconductor layer and can be
contained entirely within the first well region. The second
contact region can have the second type conductivity at a
relatively higher conductivity level than the second well
region, can be positioned at the top surface of the semicon-
ductor layer and can further traverse the first well region to
second well region interface such that a first end of the second
contact region extends laterally into the first well region and
a second end of the second contact region extends laterally
into the second well region.

[0009] The Zener diode can further comprise an isolation
region at the top surface of the semiconductor layer, con-
tained entirely within the first well region, and positioned
laterally between and abutting the first contact region and the
first end of the second contact region. The first end of the
second contact region (i.e., the portion of the second contact
region that extends from the first well region to second well
region interface to the isolation region) can have a predeter-
mined length so that the Zener diode has a predetermined
reverse-bias breakdown voltage (V).

[0010] Optionally, the Zener diode can further comprise a
conductive field plate on the top surface of the semiconductor
layer to further ensure that the Zener diode has the desired
reverse-bias breakdown voltage (V). The conductive field
plate can have a first sidewall aligned above the isolation
region and a second sidewall opposite the first sidewall
aligned above the first end of the second contact region. That
is, the conductive field plate should not extend laterally over
the first contact region or the second well region.

[0011] Also disclosed herein are embodiments of an inte-
grated circuit incorporating multiple instances of the above-
described Zener diode, wherein at least some of the Zener
diodes have different reverse-bias breakdown voltages. Spe-
cifically, the integrated circuit can comprise a semiconductor
layer and a plurality of diodes in the semiconductor layer.
Each Zener diode can comprise a semiconductor layer, a first
well region in the semiconductor layer and a second well
region in the semiconductor layer positioned laterally adja-
cent to and abutting the first well region at an interface. The
first well region can have a first type conductivity and the
second well region can have a second type conductivity dif-
ferent from the first type conductivity.

[0012] Each Zener diode can further comprise a first con-
tact region and a second contact region. The first contact
region can have the first type conductivity at a relatively
higher conductivity level than the first well region, can be
positioned at the top surface of the semiconductor layer and
can be contained entirely within the first well region. The
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second contact region can have the second type conductivity
at a relatively higher conductivity level than the second well
region, can be positioned at the top surface of the semicon-
ductor layer and can further traverse the first well region to
second well region interface such that a first end of the second
contact region extends laterally into the first well region and
a second end of the second contact region extends laterally
into the second well region.

[0013] Each Zener diode can further comprise an isolation
region at the top surface of the semiconductor layer, con-
tained entirely within the first well region, and positioned
laterally between and abutting the first contact region and the
first end of the second contact region. The first end of the
second contact region (i.e., the portion of the second contact
region that extends from the first well region to second well
region interface to the isolation region) can have a predeter-
mined length so that the diode has a predetermined reverse-
bias breakdown voltage (V). In this case, the first end of the
second contact region of at least two of the Zener diodes can
have different predetermined lengths such that at least two of
the Zener diodes have different reverse-bias breakdown volt-
ages. For example, the first end of the second contact region
of a first Zener diode can have a first length and the first end
of'the second contact region of a second Zener diode can have
a second length that is less than the first length such that the
first reverse-bias breakdown voltage (V) of the first Zener
diode is less than the second reverse-bias breakdown voltage
(V) of the second Zener diode.

[0014] Optionally, any one or more of the Zener diodes can
further comprise a conductive field plate on the top surface of
the semiconductor layer to further ensure that the Zener diode
has the desired reverse-bias breakdown voltage (V,). The
conductive field plate can have a first sidewall aligned above
the isolation region and a second sidewall opposite the first
sidewall aligned above the first end of the second contact
region. That is, the conductive plate should not extend later-
ally over the first contact region or the second well region.

[0015] Also disclosed herein are embodiments of a method
of forming a Zener diode, such as the Zener diode described
above. The method can comprise forming adjacent well
regions in a semiconductor layer such that the adjacent well
regions comprise: a first well region, having a first type con-
ductivity; and a second well region, having a second type
conductivity different from the first type conductivity, posi-
tioned laterally adjacent to and abutting the first well region at
an interface. The method can further comprise forming con-
tact regions and at least one isolation region at the top surface
of the semiconductor layer such that a first contact region,
having the first type conductivity, is positioned within the first
well region; such that a second contact region, having the
second type conductivity, traverses the first well region to
second well region interface and, thereby has a first end
extending laterally into the first well region and a second end
extending laterally into the second well region; and such that
an isolation region is positioned within the first well region
between and abutting both the first contact region and the first
end of the second contact region. In forming these contact
regions and the isolation region(s), the length of the first end
of the second contact region (i.e., the length of the portion of
the second contact region extending from the first well region
to second well region interface to the isolation region) can be
selectively adjusted in order to selectively adjust the reverse-
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bias breakdown voltage (V) of the Zener diode (i.e., in order
to achieve a predetermined reverse-bias breakdown voltage
(V)

[0016] Optionally, the method can further comprise form-
ing a conductive field plate on the top surface of the semicon-
ductor layer in order to further reduce the reverse-bias break-
down voltage (V,) of the Zener diode and ensure that the
desired reverse-bias breakdown voltage (V) is achieved. In
this case, the conductive field plate should be formed so that
a first sidewall is aligned above the isolation region and a
second sidewall opposite the first sidewall is aligned above
the first end of the second contact region (i.e., so that the
conductive field plate does not extend laterally over the first
contact region or the second well region).

[0017] Also disclosed herein are embodiments of design
structures for the above-mentioned Zener diode and inte-
grated circuit. Such design structures can be stored on a
non-transitory storage medium, which is readable by a com-
puter, and can comprise data and instructions that when
executed by the computer can generate a machine-executable
representation of the Zener diode or integrated circuit.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0018] The embodiments herein will be better understood
from the following detailed description with reference to the
drawings, which are not necessarily drawn to scale and in
which:

[0019] FIG. 1 is a cross-section diagram illustrating an
embodiment of a Zener diode;

[0020] FIG. 2 is a top view diagram of the Zener diode of
FIG. 1,
[0021] FIG. 3 is a graph illustrating current to voltage (I/'V)

curves for Zener diodes having selectively different reverse-
bias breakdown voltages (V,);

[0022] FIG. 4a is a cross-section diagram illustrating an
embodiment of a bulk integrated circuit structure incorporat-
ing multiple instances of a Zener diode, each instance having
a selectively different reverse-bias breakdown voltage (V,);
[0023] FIG. 4b1s across section diagram of an embodiment
of a semiconductor-on-insulator (SOI) integrated circuit
structure incorporating multiple instances of a Zener diode,
each instance having a selectively different reverse-bias
breakdown voltage (V,);

[0024] FIG. 5 is a flow diagram illustrating an embodiment
of'a method of forming a Zener diode;

[0025] FIG. 6 is a cross-section diagram illustrating a par-
tially completed Zener diode formed according to the method
of FIG. 5;

[0026] FIG. 7 is a top view diagram of the same partially
completed Zener diode as shown in FIG. 6;

[0027] FIG. 8 is a flow diagram further detailing process
506 of the flow diagram of FIG. 5;

[0028] FIG. 9 is a cross-section diagram illustrating a par-
tially completed Zener diode formed according to the method
of FIG. 5;

[0029] FIG. 10 is a top view diagram of the same partially
completed Zener diode as shown in FIG. 9;

[0030] FIG. 11 is a cross-section diagram illustrating a
partially completed Zener diode formed according to the
method of FIG. 5;

[0031] FIG. 12 is a cross-section diagram illustrating a
partially completed Zener diode formed according to the
method of FIG. 5;
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[0032] FIG.131is aflow diagram of a design process used in
semiconductor design, manufacture and/or test; and

[0033] FIG.14is aschematic diagram illustrating an exem-
plary hardware environment for implementing the disclosed
design process.

DETAILED DESCRIPTION

[0034] The descriptions of the various embodiments dis-
closed herein have been presented for purposes of illustration
and are not intended to be exhaustive or limiting. Many modi-
fications and variations will be apparent to those of ordinary
skill in the art without departing from the scope and spirit of
the disclosed embodiments. Furthermore, it should be noted
that the terminology used herein was chosen to best explain
the principles of the disclosed embodiments, the practical
application of the disclosed embodiments or the technical
improvements over technologies found in the marketplace, or
to enable others of ordinary skill in the art to understand the
disclosed embodiments.

[0035] As mentioned above, Zener diodes, like conven-
tional diodes, allow current to flow in a forward direction.
However, Zener diodes exhibit a reverse-bias breakdown
voltage (V) that is low relative that of conventional diodes.
Specifically, in the case of a conventional diode, current typi-
cally does not flow, when the diode is reverse-biased (i.e.,
when the voltage on the N-type cathode region of the diode is
greater than the voltage on the P-type anode region). How-
ever, a large breakdown current will flow, when the diode is
reverse-biased and the voltage on the N-type cathode region
exceeds the reverse-bias breakdown voltage (V). In the case
of'a Zener diode, the reverse-bias breakdown voltage (V) is
relatively low. As a result, Zener diodes can be used to protect
other circuits against over-voltage conditions. For example,
Zener diodes can be used as voltage regulators or as electro-
static discharge (ESD) protection circuits.

[0036] Unfortunately, in order to achieve such a relatively
low reverse-bias breakdown voltage (V,), additional masking
and doping processes are required to either form the P-type
anode region or N-type cathode region of the Zener diode or
to add an additional amount of dopant to an already formed
P-type anode region or N-type cathode region of the Zener
diode. These additional masking and doping processes can be
costly and time consuming. Thus, there is a need in the art for
a Zener diode structure and method of forming the structure
that allows a desired, relatively low, reverse-bias breakdown
voltage (V,) to be achieved without requiring additional
masking and doping processes.

[0037] In view of the foregoing, disclosed herein are
embodiments of an isolated Zener diode structure having a
scalable reverse-bias breakdown voltage (V) as a function of
the position of a cathode contact region relative to the inter-
face between adjacent cathode and anode well regions. Spe-
cifically, cathode and anode contact regions are positioned
adjacent to corresponding cathode and anode well regions
and are further separated by an isolation region. While the
anode contact region is contained entirely within the anode
well region, one end of the cathode contact region can extend
laterally into the anode well region. The length of this end
(i.e., the length of the portion of the cathode contact region
that extends from the cathode well region to anode well region
interface to the isolation region) can be selectively adjusted in
orderto selectively adjust the reverse-bias breakdown voltage
(V,) of the Zener diode. Specifically, increasing the length
reduces the reverse-bias breakdown voltage (V,) of the Zener
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diode and vice versa. Also disclosed herein are embodiments
of'an integrated circuit incorporating multiple instances of the
Zener diode, having different reverse-bias breakdown volt-
ages, of a method of forming the Zener diode and of a design
structure for the Zener diode.

[0038] It should be noted that in this Zener diode, as
described in detail below, the first type conductivity can com-
prise P-type conductivity and the second type conductivity
can comprise N-type conductivity. However, alternatively,
the first type conductivity can comprise P-type conductivity
and the second type conductivity can comprise N-type con-
ductivity. Those skilled in the art will recognize that the
different dopants can be used to achieve different type con-
ductivities in different semiconductor materials. For
example, a silicon-based semiconductor material having
N-type conductivity is typically doped with an N-type dopant
(e.g., a Group V dopant, such as arsenic (As), phosphorous
(P) or antimony (Sb)), whereas a silicon-based semiconduc-
tor material having P-type conductivity is typically doped
with a P-type dopant (e.g., a Group III dopant, such as boron
(B) or indium (In)). Alternatively, a gallium nitride (GaN)-
based semiconductor material having P-type conductivity is
typically doped with magnesium (MG), whereas a gallium
nitride (GaN)-based semiconductor material having an
N-type conductivity is typically doped with silicon (Si).
Additionally, those skilled in the art will further recognize
that different conductivity levels will depend upon the rela-
tive concentration levels of the dopants. For example, a higher
P-type conductivity level in one P-type component can be
achieved using a higher relative dopant concentration as com-
pared to another P-type component.

[0039] More particularly, FIGS. 1-2 illustrate an embodi-
ment of a Zener diode 100. FIG. 1 is a cross-section illustra-
tion of the Zener diode 100 through a vertical plan that cuts
across the active regions of the device and FIG. 2 is a cross-
section illustration of the same Zener diode 100 through a
horizontal plane A-A', as shown in FIG. 1.

[0040] Referring to FIGS. 1 and 2 in combination, the
Zener diode 100 can comprise a semiconductor layer 103,
having a top surface 105. The Zener diode 100 can further
comprise a first well region 111 and a second well region 112
in the semiconductor layer 103. The second well region 112
can be positioned laterally adjacent to and can abut the first
well region 111 at an interface 113. For example, the second
well region 112 can laterally surround (e.g., encircle) the first
well region 111. The first well region 111 can have a first type
conductivity and the second well region 112 can have a sec-
ond type conductivity different from the first type conductiv-
ity. For example, the first well region 111 can have a P-type
conductivity such that it comprises an anode well region and
the second well region 112 can have an N-type conductivity
such that it comprises a cathode well region.

[0041] In one embodiment, this semiconductor layer 103
can be a bulk semiconductor substrate (e.g., a bulk silicon
substrate). In this case, a buried well region 102, having the
second type conductivity (e.g., a buried N-well region), can
isolate the active regions of the diode 100 from a lower
portion 101 of the substrate, which has the first type conduc-
tivity (e.g., a P- lower substrate). In another embodiment, the
semiconductor layer 103 can be a semiconductor layer of a
semiconductor-on-insulator (SOI) structure. Such an SOI
structure can comprise a semiconductor substrate 101, having
the first type conductivity (e.g., a P- silicon substrate), an
isolation layer 102 (e.g., a silicon dioxide (SiO,) layer, a
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sapphire layer or some other suitable isolation layer) on the
substrate 101, and a semiconductor layer 103 (e.g., a silicon
layer or some other suitable semiconductor layer) on the
isolation layer 102.

[0042] The Zener diode 100 can further comprise a first
contact region 131, a second contact region 132 and, option-
ally, an additional contact region 133 in the semiconductor
layer 103 at the top surface 105. Specifically, the first contact
region 131 can comprise a doped region contained entirely
within the first well region 111 and can have the first type
conductivity at a relatively higher conductivity level than the
first well region 111. For example, the first contact region 131
can comprise a P+ anode contact region. The second contact
region 132 can comprise another doped region and can have
the second type conductivity at a relatively higher conductiv-
ity level than the second well region 112. For example, the
second contact region 132 can comprise an N+ cathode con-
tact region. However, rather than being contained within the
second well region 112, the second contact region 132 can
further traverse the interface 113 (i.e., the first well region 111
to second well region 112 interface 113) such that a first end
132a of the second contact region 132 extends laterally into
the first well region 111 and a second end 1325 of the second
contact region 132 extends laterally into the second well
region 112.

[0043] The additional contact region 133 can comprise an
additional doped region contained entirely within the second
well region 112 and can have the second type conductivity at
a relatively higher conductivity level than the second well
region 111. For example, the additional contact region 133
can comprise an additional N+ cathode contact region.
[0044] The Zener diode 100 can further comprise isolation
regions 121 and 122, which are positioned at the top surface
of the semiconductor layer 103 and which define the limits
(i.e., the boundaries, shapes, etc.) of the contact regions 131-
133. The isolation region 121 can be contained entirely within
the first well region 111 and can be positioned laterally
between and can abut both the first contact region 131 and the
first end 1324 of the second contact region 132. Specifically,
this isolation region 121 can be positioned laterally around
(i.e., can laterally surround, border, etc.) the perimeter (i.e.,
outer edge) of the first contact region 131 (see FIG. 2). This
isolation region 121 can have a first side (i.e., an inner side)
adjacent to the first contact region 131 and a second side (i.e.,
an outer side) opposite the first side adjacent to the first end
132a of the second contact region 132. The additional isola-
tion region 122 can be contained entirely within the second
well region 112 and can be positioned laterally between and
can abut both the second end 1325 of the second contact
region 132 and the additional contact region 133. Specifically,
this additional isolation region 122 can be positioned laterally
around (i.e., can laterally surround, border, etc.) the perimeter
(i.e., outer edge) of the second contact region 132 and the
additional contact region 133 can be positioned laterally
around (i.e., can laterally surround, border, etc.) the addi-
tional isolation region 122 (see FIG. 2).

[0045] Theisolation regions 121 and 122 can comprise, for
example, conventional shallow trench isolation (STI)
regions. That is, each of the isolation regions 121, 122 can
comprise a patterned, relatively shallow, trench extending
vertically into the semiconductor layer 103 from the top sur-
face 105. The trench can further be filled with one or more
isolation materials (e.g., a silicon oxide, silicon nitride, sili-
con oxynitride, etc.).
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[0046] In order to achieve the desired reverse-bias break-
down voltage (V,) (i.e., a predetermined reverse-bias break-
down voltage) given the Zener diode structure described
above, the first end 132a of the second contact region 132
(i.e., the portion of the second contact region the extends from
the first well region to second well region interface 113 to the
isolation region 121) can have a predetermined length 140.
Specifically, the length 140 of this end 132a can be selectively
adjusted in order to selectively adjust the reverse-bias break-
down voltage (V,) of the Zener diode 100. In particular,
increasing the length 140 reduces the reverse-bias breakdown
voltage (V,) of the diode 100 and vice versa.

[0047] Forexample, FIG. 3 is a graph that illustrates current
to voltage (UV) curves for three Zener diodes 100 that are
essentially identical in structure except that the ends 132a of
the second contact regions 132 of each of three Zener diodes
have different lengths. UV curve 301 represents a Zener diode
wherein the end 132« is relatively short (e.g., the side of the
STI121 is almost aligned above the interface 113) and, thus,
the reverse-bias breakdown voltage (V,) at which a signifi-
cant amount of current flows through the diode is relative
large (e.g., =7V). UV curve 303 represents a Zener diode
wherein the end 132a is relatively long (e.g., 0.5 um) and,
thus, the reverse-bias breakdown voltage (V,) at which a
significant amount of current flows through the diode is rela-
tive small (e.g., =5.2V). UV curve 302 represents a Zener
diode wherein the end 1324 is somewhere in between (e.g.,
0.14 pm) and, thus, the reverse-bias breakdown voltage (V)
at which a significant amount of current flows through the
diode is somewhere in between (e.g., =6.2V).

[0048] Referring again to FIGS. 1 and 2 in combination,
optionally, the Zener diode 100 can further comprise a con-
ductive field plate 150 on the top surface 105 of the semicon-
ductor layer 103 to further ensure that the Zener diode 100 has
the desired reverse-bias breakdown voltage (V,). The con-
ductive field plate 150 can have a first sidewall 151 aligned
above the isolation region 121 and a second sidewall 152
opposite the first sidewall 151 aligned above the firstend 1324
of'the second contact region 132. That is, the conductive field
plate 150 should not extend laterally over the first contact
region 131 or the second well region 112. This conductive
field plate 150 can comprise, for example, a metal field plate,
a metal alloy field plate, a doped polysilicon field plate, etc.
Such a conductive field plate 150 is particularly useful to
reduce the reverse-bias breakdown voltage (V,) when the
sidewall of the isolation region 121 immediately adjacent to
the first contact region 131 is not perpendicular (e.g., is
rounded as a result of formation processing techniques), a
condition which tends to increase the reverse-bias breakdown
voltage (V).

[0049] Those skilled in the art will recognize that a Zener
diode, such as the diode described above having a scalable
reverse-bias breakdown voltage (V,), can be incorporated
into an integrated circuit structure for various different pur-
poses, for example, for voltage regulation or for electrostatic
discharge (ESD) protection. Furthermore, for illustration pur-
poses, the perimeters (or shapes) of the diode components
(e.g., the first contact region 131, STI region 121, the second
contact region 132, the STI region 122, etc.) are shown in
FIG. 2 as being rectangular. However, those skilled in the art
will recognize that these diode components may alternatively
have any other suitable shape (e.g., square, circle, oval, etc.).
[0050] Referring to FIGS. 4a and 44, also disclosed herein
are embodiments of an integrated circuit structure 499a, 4995
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incorporating multiple instances of a Zener diode 400.1,
400.2 on the same chip where at least some of the Zener
diodes 400.1, 400.2 have different reverse-bias breakdown
voltages. The integrated circuit structure 499a, 4995 can
comprise a semiconductor layer 403, having a top surface
405. As with the Zener diode embodiments described in detail
above and illustrated in FIGS. 1-2, this semiconductor layer
403 can comprise either a bulk semiconductor layer, as shown
in the integrated circuit structure 4994 of FIG. 4a or a semi-
conductor layer of a semiconductor-on-insulator wafer, as
shown in the integrated circuit structure 4995 of FIG. 44.

[0051] More specifically, referring to FIG. 44, in one
embodiment of the integrated circuit structure 499a, the semi-
conductor layer 403 can be a bulk semiconductor substrate
(e.g., a bulk silicon substrate). In this case, buried well isola-
tion regions 402.1, 402.2, having the second type conductiv-
ity (e.g., buried N-well isolation regions), can isolate the
active regions of the Zener diodes 400.1, 400.2, respectively,
from a lower portion 401 of the substrate, which has a first
type conductivity (e.g., a P— lower substrate). Furthermore,
an additional isolation well region 413, having the first type
conductivity (e.g., a P-well isolation region), can be posi-
tioned laterally between the Zener diodes 400.1, 400.2 to
isolate the devices from each other. Referring to FIG. 45, in
another embodiment of the integrated circuit structure 4995,
the semiconductor layer 403 can be a semiconductor layer of
a semiconductor-on-insulator (SOT) structure. Such an SOI
structure can comprise a semiconductor substrate 401, having
the first type conductivity (e.g., a P- silicon substrate), an
isolation layer 402 (e.g., a silicon dioxide (Si0,) layer, a
sapphire layer, or some other suitable isolation layer) on the
substrate 401, and a semiconductor layer (e.g., a silicon layer
or some other suitable semiconductor layer) on the isolation
layer 402. Furthermore, a deep trench isolation region (e.g., a
deep trench filled with one or more isolation materials, such a
silicon oxide, silicon nitride, silicon oxynitride, etc.) can be
positioned laterally between the Zener diodes 400.1, 400.2
and can extend vertically to the isolation layer 403 to isolate
the devices from each other.

[0052] Inany case, each ofthe Zener diodes 400.1, 400.2 in
the integrated circuit structure 499a, 4995 of FIGS. 4a and 45
can comprise a first well region 411 and a second well region
412 in the semiconductor layer 403. The second well region
412 can be positioned laterally adjacent to and can abut the
first well region 411 at an interface 413. For example, the
second well region 412 can laterally surround (e.g., encircle)
the first well region 411. The first well region 411 can have a
first type conductivity and the second well region 412 can
have a second type conductivity different from the first type
conductivity. For example, the first well region 411 can have
a P-type conductivity such that it comprises an anode well
region and the second well region 412 can have an N-type
conductivity such that it comprises a cathode well region.

[0053] Each of the Zener diodes 400.1, 400.2 can further
comprise a first contact region 431, a second contact region
432, and an additional contact region 433 in the semiconduc-
tor layer 403 at the top surface 405. Specifically, the first
contact region 431 can comprise a doped region contained
entirely within the first well region 411 and can have the first
type conductivity at a relatively higher conductivity level than
the first well region 411. For example, the first contact region
431 can comprise a P+ anode contact region. The second
contact region 432 can comprise another doped region and
can have the second type conductivity at a relatively higher
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conductivity level than the second well region 412. For
example, the second contact region 432 can comprise an N+
cathode contact region. However, rather than being contained
within the second well region 412, the second contact region
432 can further traverse the interface 413 such that a first end
432a of the second contact region 432 extends laterally into
the first well region 411 and a second end 4325 of the second
contact region 432 extends laterally into the second well
region 412. The additional contact region 433 can comprise
an additional doped region contained entirely within the sec-
ond well region 412 and can have the second type conductiv-
ity at a relatively higher conductivity level than the second
well region 411. For example, the additional contact region
433 can comprise an additional N+ cathode contact region.

[0054] Each of the Zener diodes 400.1, 400.2 can further
comprise isolation regions 421 and 422, which are at the top
surface of the semiconductor layer 403 and which define the
limits (i.e., the boundaries, shapes, etc.) of the contact regions
431-433. The isolation region 421 can be contained entirely
within the first well region 411 and can be positioned laterally
between and can abut both the first contact region 431 and the
first end 4324 of the second contact region 432. Specifically,
this isolation region 421 can be positioned laterally around
(i.e., can laterally surround, border, etc.) the perimeter (i.e.,
outer edge) of the first contact region 431. The additional
isolation region 422 can be contained entirely within the
second well region 412 and can be positioned laterally
between and can abut both the second end 4325 of the second
contact region 432 and the additional contact region 433.
Specifically, this additional isolation region 422 can be posi-
tioned laterally around (i.e., can laterally surround, border,
etc.) the perimeter (i.e., outer edge) of the second contact
region 432 and the additional contact region 433 can be
positioned laterally around (i.e., can laterally surround, bor-
der, etc.) the additional isolation region 422.

[0055] Theisolation regions 421 and 422 can comprise, for
example, conventional shallow trench isolation (STI)
regions. That is, each of the isolation regions 421, 422 can
comprise a patterned, relatively shallow, trench extending
vertically into the semiconductor layer 403 from the top sur-
face 405. The trench can further be filled with one or more
isolation materials (e.g., a silicon oxide, silicon nitride, sili-
con oxynitride, etc.).

[0056] In order to achieve the selectively different reverse-
bias breakdown voltages (i.e., the different predetermined
reverse-bias breakdown voltages) given the Zener diode
structures 400.1, 400.2 described above, the first end 432a of
the second contact region 432 (i.e., the portion of the second
contact region that extends from the interface 413 to the
isolation region 421) of the first Zener diode 400.1 can have a
different predetermined length 440, than that of the first end
432a of the second contact region 432 of the second Zener
diode 400.2. Specifically, the lengths 440 of the ends 4324 of
the different Zener diodes 400.1 and 400 can be selectively
different in order to achieve selectively different reverse-bias
breakdown voltages (V,) inthe Zener diodes 400.1 and 400.2.
In particular, since length 440 of the first end 432a of the
second contact region 432 of the first Zener diode 400.1 is
greater than that of the second Zener diode 400.2, the first
Zener diode 400.1 will have a smaller reverse-bias break-
down voltage (V). See detail discussion above regarding the
graph of FIG. 3 and the relationship between this length and
the reverse-bias breakdown voltage (V).
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[0057] Referring again to FIGS. 4a and 45, optionally, at
least one of the Zener diodes (e.g., see Zener diode 400.1) can
further comprise a conductive field plate 450 on the top sur-
face 405 of the semiconductor layer 403 to further ensure that
the Zener diode 400.1 has the desired reverse-bias breakdown
voltage (V). The conductive field plate 450 can have a first
sidewall 451 aligned above the isolation region 421 and a
second sidewall 452 opposite the first sidewall 451 aligned
above the first end 4324 of the second contact region 432.
That is, the conductive field plate 450 should not extend
laterally over the first contact region 431 or the second well
region 412. This conductive field plate 450 can comprise, for
example, a metal field plate, a metal alloy field plate, a doped
polysilicon field plate, etc. Such a conductive field plate 450
is particularly useful in reducing the reverse-bias breakdown
voltage (V,) when the sidewall of the isolation region 421
immediately adjacent to the first contact region 431 is not
perpendicular (e.g., is rounded), a condition which tends to
increase the reverse-bias breakdown voltage (V).

[0058] Those skilled in the art will recognize that Zener
diodes, such as Zener diodes 400.1, 400.2 described above,
having different reverse-bias breakdown voltages, can be
incorporated into the integrated circuit structure 499a, 4995
for different purposes (e.g., for voltage regulation and elec-
trostatic discharge (ESD) protection, respectively).

[0059] Referring to FIG. 5, also disclosed herein are
embodiments of a method of forming a Zener diode, such as
the Zener diode 100 of FIG. 1 described in detail above. The
method embodiments can comprise providing a semiconduc-
tor layer 103 (502) and forming adjacent well regions in the
semiconductor layer 103 such that the adjacent well regions
comprise: a first well region 111 having a first type conduc-
tivity (e.g., a P-type anode well region) and a second well
region 112 having a second type conductivity different from
the first type conductivity (e.g., an N-type cathode well
region) positioned laterally adjacent to and, particularly, lat-
erally surrounding and abutting and the first well region at an
interface 113 (504, see the cross-section illustration of FIG. 6
and the top view illustration of FIG. 7). Techniques for form-
ing such well regions are well known in the art (e.g., using
multiple masked dopant implantation processes) and, thus,
are omitted from this specification in order to allow the userto
focus on the salient aspects of the invention.

[0060] Itshould be noted that in one embodiment, the semi-
conductor layer 103 provided at process 502 could be a bulk
semiconductor substrate (e.g., a bulk silicon substrate). In this
case, prior to the formation of the well regions 111, 112 at
process 504, a buried well region 102, having the second type
conductivity (e.g., a buried N-well region), can be formed
deep in the substrate so as to isolate subsequently formed
active regions of the Zener diode from a lower portion 101 of
the substrate, which has a the first type conductivity (e.g.,a P-
lower substrate). In another embodiment, the semiconductor
layer 103 provided at process 502 could be a semiconductor
layer of a semiconductor-on-insulator (SOI) structure. Such
an SOI structure can comprise a semiconductor substrate 101,
having the first type conductivity (e.g., a P- silicon substrate),
an isolation layer 102 (e.g., a silicon dioxide (SiO,) layer,
sapphire layer or some other suitable isolation layer) on the
substrate 101, and a semiconductor layer (e.g., a silicon layer
or some other suitable semiconductor layer) on the isolation
layer 102.

[0061] Referring again to FIG. 5, the method embodiments
can further comprise forming shallow trench isolation (STI)
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regions 121-122 and anode and cathode contact regions 131-
133 at the top surface 105 of the semiconductor layer 103
(506). Process 506 can specifically be performed so as to form
the various contact regions and isolation regions, as shown in
FIGS. 1 and 2 and described in detail above.

[0062] Specifically, process 506 can be performed so as to
form a first contact region 131, which is contained entirely
within the first well region 111 and which has the first type
conductivity at a relatively higher conductivity level than the
first well region 111 (e.g., a P+ anode contact region) (507).
[0063] Process 506 can be performed so as to form an
isolation region 121 such that the isolation region 121 is
contained entirely within the first well region 111 and such
that the isolation region 121 is positioned adjacent to (e.g.,
laterally surrounds, borders, etc.) and abuts the first contact
region 131 (508).

[0064] Process 506 can further be performed so as to form
a second contact region 132 such that the second contact
region 132 traverses the interface 113 between the well
regions 111-112 (i.e., has a first end 1324 extending laterally
into the first well region 111 and a second end 1325 extending
laterally into the second well region 112), such that the sec-
ond contact region 132 is positioned adjacent to (e.g., later-
ally surrounds, borders, etc.) and abuts the isolation region
121 and such that the second contact region 132 has a second
type conductivity ata relatively higher conductivity level than
the second well region 112 (e.g., a N+ cathode region) (509).
It should be noted that this second contact region 132 should
specifically be formed so that the first end 1324 between the
interface 113 and the isolation region 121 has a predeter-
mined length 140 and, thereby so that the Zener diode 100 has
a predetermined reverse-bias breakdown voltage (V) (510).
[0065] Process 506 can further be performed so as to form
an additional isolation region 122 such that the additional
isolation region 122 is contained entirely within the second
well region 111 and such that the additional isolation region is
adjacent to (e.g., laterally surrounds, borders, etc.) and abuts
the second contact region 132 (511).

[0066] Finally, process 506 can be performed so as to form
an additional contact region 133 such that the additional
contact region 133 is contained entirely within the second
well region 112, such that the additional contact region is
positioned adjacent to (e.g., laterally surrounds, borders, etc.)
and abuts the additional isolation region 122 and such that the
additional contact region 133 has the second type conductiv-
ity at a relatively higher conductivity level than the second
well region 111 (e.g., an additional N+ cathode contact
region) (512).

[0067] More specifically, referring to FIG. 8, this process
506 of forming the isolation regions 121-122 and anode and
cathode contact regions 131-133 for the Zener diode 100 can
comprise forming shallow trench isolation (STI) regions 121-
122 that define the limits (i.e., boundaries, shapes, etc.) of the
contact regions 131-133, as described above (802). That is,
conventional STI formation techniques can be used to pattern,
etch and fill the trenches for each of the STI regions 121-122
and to, thereby define the limits (i.e., boundaries, shapes, etc.)
of the contact regions 131-133 (see the cross-section and top
view diagrams of FIG. 9 and FIG. 10, respectively). It should
be noted that the novelty in this case is not how the STI
regions 121 are formed but that the STI trenches are patterned
so that the defined area for the second contact region 132 (i.e.,
the N+ cathode region) in particular, which lies between the
trenches, traverses the interface 113 between the well regions
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111-112 as opposed to being contained entirely within the
well region 112. Furthermore, during the patterning of the
STI trenches, the position of the ST trenches relative to the
interface 113 is selectively adjusted so as to selectively adjust
the position and overall length of the second contact region
132 and, thereby to selectively adjust the length 140 ofthe end
132a of that second contact region 132 that extends from the
interface 113 to the STI region 121. By selectively adjusting
the length 140 of the end 1324 of the second contact region
132, the reverse-bias breakdown voltage (V) of the Zener
diode 100 can be selectively adjusted (803). See also the
detailed discussion above regarding the graph of FIG. 3 illus-
trating the inverse relationship between the length 140 of the
end 132 of the second contact region 132 that extends into the
well region 111 and the reverse-bias breakdown voltage (V)
of the Zener diode 100. Once the STI trenches are patterned
and etched, they can be filled using conventional STI forma-
tion techniques with one or more isolation materials (e.g., a
silicon oxide, silicon nitride, silicon oxynitride, etc.).

[0068] Following STI 121-122 formation at process 802,
the contact regions 131-133 can be appropriately doped
(804). For example, a mask 901 can be formed so as to cover
the exposed portion of the semiconductor layer 103 sur-
rounded by the STI region 121 and a dopant implantation
process or other doping process can be performed in order to
doped the exposed areas of the top surface 105 of the semi-
conductor layer 103 adjacent to the STI region 122 and,
thereby form contact regions 132 and 133 having the second
type conductivity (e.g., N+ cathode regions) (see FIG. 11).
Next, the mask 901 can be removed, another mask 902 can be
formed so as to cover the exposed portion of the semiconduc-
tor layer 103 adjacent to the STI region 122, and another
dopant implantation or other doping process can be per-
formed in order to doped the exposed area of the top surface
105 of the semiconductor layer 103 surrounded by the STI
region 121 and, thereby form contact region 131 having the
first type conductivity (e.g., a P+ anode region) (see FIG. 12).

[0069] Those skilled in the art will recognize that the order
of the process steps set forth in FIG. 8 are offered for illus-
tration purposes only. Alternatively, areas ofthe top surface of
the semiconductor layer 103 that will contain the contact
regions 131-133 can be appropriately doped and, then, the
STI regions 121 can be formed to specifically define the
limits/boundaries of those regions. Additionally, it should be
noted that the disclosed process described above for selec-
tively adjusting the reverse-bias breakdown voltage (V) is an
improvement over prior art techniques because it is achieved
by simply selectively adjusting the position of the second
contact region 132 and not by requiring additional masking
and doping processes (i.e., it is a less costly zero-mask adder
process).

[0070] Referring again to FIG. 5, optionally, the method
embodiments can further comprise forming a conductive field
plate 150 (e.g., a doped polysilicon, metal or metal alloy
conductive field plate) on the top surface 105 of the semicon-
ductor layer 103 in order to further reduce the reverse-bias
breakdown voltage (V) of the diode and ensure that a desired
reverse-bias breakdown voltage (V) is achieved (514, see
FIG. 1). In this case, the conductive field plate 150 should be
formed so that a first sidewall 151 is aligned above the isola-
tion region 121 and a second sidewall 152 opposite the first
sidewall 151 is aligned above the first end 132a of the second
contact region 132 (i.e., so that the conductive field plate 150
does not extend laterally over the first contact 131 or the
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second well region 112). Such a conductive field plate 150
can be formed essentially simultaneously with the formation
of polysilicon and/or metal gate structures on the top surface
105 of the semiconductor layer 103. Thus, it should be noted
that this process for further adjusting the reverse-bias break-
down voltage (V,) is also an improvement over prior art
techniques because it too is achieved by without requiring
additional masking (i.e., it is a less costly zero-mask adder
process)

[0071] Finally, it should be noted that, although the
embodiments of the method are described above with refer-
ence to the Zener diode 100 illustrated in FIGS. 1-2, essen-
tially the same method steps may be used to form the Zener
diodes 400.1, 400.2 of the integrated circuit embodiments
499q, 49956 illustrated in FIGS. 4a and 4b, respectively, and
described in detail above. Those skilled in the art will, how-
ever, recognize that depending upon the whether a bulk semi-
conductor wafer or semiconductor-on-insulator wafer is used
different conventional process steps can be performed to pro-
vide isolation between the device-to-substrate isolation and
device-to-device isolation. For example, in the case of the
integrated circuit structure 499a of FIG. 4a, which is formed
on a bulk semiconductor wafer, discrete buried well isolation
regions 402.1, 402.2, having the second type conductivity
(e.g., buried N-well isolation regions), can be formed (e.g.,
implanted) prior to device formation to isolate the active
regions of the subsequently formed diodes 400.1, 400.2,
respectively, from a lower portion 401 of the first type con-
ductivity substrate (e.g., P- substrate). Furthermore, an addi-
tional isolation well region 413, having the first type conduc-
tivity (e.g., a P-well isolation region), can be formed (e.g.,
implanted) such that it is positioned laterally between the
Zener diodes 400.1, 400.2 to isolate the devices from each
other. Alternatively, in the case of the integrated circuit struc-
ture 4995 of FIG. 4b, wherein the Zener diodes 400.1, 400.2
are formed in a semiconductor layer 403 of a semiconductor-
on-insulator (SOI) wafer, the SOI isolation layer 402 (e.g., a
silicon dioxide (SiO,) layer, sapphire layer or some other
suitable isolation layer) can provide the device to substrate
isolation. Furthermore, a deep trench isolation region (e.g., a
deep trench filled with one or more isolation materials, such a
silicon oxide, silicon nitride, silicon oxynitride, etc.) can be
formed (e.g., using conventional deep trench isolation pro-
cessing techniques) such it will be positioned laterally
between the Zener diodes 400.1, 400.2 and extends vertically
to the isolation layer 403 to isolate the devices from each
other.

[0072] Also disclosed herein are embodiments of design
structures for the above-mentioned Zener diode and inte-
grated circuit. Such design structures can be stored on a
non-transitory storage medium readable by a computer and
can comprise data and instructions that when executed by the
computer can generate a machine-executable representation
of'the diode or integrated circuit.

[0073] Specifically, FIG. 13 shows a block diagram of an
exemplary design flow 1300 used for example, in semicon-
ductor design, manufacturing, and/or test. Design flow 1300
may vary depending on the type of IC being designed. For
example, a design flow 1300 for building an application spe-
cific IC (ASIC) may differ from a design flow 1300 for
designing a standard component. Design structure 1320 is
preferably an input (e.g., of data and instructions) to a design
process 1310 and may come from an IP provider, a core
developer, or other design company or may be generated by
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the operator of the design flow, or from other sources. Design
structure 1320 comprises an embodiment of a Zener diode
100 as shown in FIGS. 1-2 or an integrated circuit with
multiple instances of Zener diode 400.1, 400.2, as shown in
FIGS. 4a and 45, in the form of schematics or HDL, a hard-
ware-description language (e.g., Verilog, VHDL, C, etc.).
Design structure 1320 may be contained on (i.e., stored on)
one or more machine-readable medium. For example, design
structure 1320 may be a text file or a graphical representation
ofan embodiment ofa Zener diode 100 as shown in FIGS.1-2
or an integrated circuit with multiple instances of Zener diode
400.1, 400.2, as shown in FIGS. 4a and 45.

[0074] Design process 1310 preferably executes the data
and instructions in order to synthesize (or translate) an
embodiment ofa Zener diode 100 as shown in FIGS. 1-2 or an
integrated circuit with multiple instances of Zener diode 400.
1, 400.2, as shown in FIGS. 44 and 454, into a netlist 1380,
where netlist 1380 is, for example, a list of wires, transistors,
logic gates, control circuits, /O, models, etc. that describes
the connections to other elements and circuits in an integrated
circuit design and recorded on at least one of machine read-
able medium. This may be an iterative process in which netlist
1380 is resynthesized one or more times depending on design
specifications and parameters for the circuit.

[0075] Design process 1310 may include using a variety of
inputs; for example, inputs from library elements 1330 which
may house a set of commonly used elements, circuits, and
devices, including models, layouts, and symbolic representa-
tions, for a given manufacturing technology (e.g., different
technology nodes, 32 nm, 45 nm, 90 nm, etc.), design speci-
fications 1340, characterization data 1350, verification data
1360, design rules 1370, test data files 1385 (which may
include test patterns and other testing information), and
instructions.

[0076] Design process 1310 may further include, for
example, standard circuit design processes such as timing
analysis, verification, design rule checking, place and route
operations, etc. One of ordinary skill in the art of integrated
circuit design can appreciate the extent of possible electronic
design automation tools and applications used in design pro-
cess X10 without deviating from the scope and spirit of the
embodiments herein. The design structures of the embodi-
ments are not limited to any specific design flow.

[0077] Design process 1310 preferably translates an
embodiment ofa Zener diode 100 as shown in FIGS. 1-2 or an
integrated circuit with multiple instances of Zener diode 400.
1, 400.2, as shown in FIGS. 4a and 44, along with any addi-
tional integrated circuit design or data (if applicable), into a
second design structure 1390. Design structure 1390 resides
on a storage medium in a data format used for the exchange of
layout data of integrated circuits (e.g. information stored in a
GDSII (GDS2), GL1,0ASIS, or any other suitable format for
storing such design structures). Design structure 1390 may
comprise information such as, for example, test data files,
design content files, manufacturing data, layout parameters,
wires, levels of metal, vias, shapes, data for routing through
the manufacturing line, and any other data required by a
semiconductor manufacturer to produce an embodiment of a
Zener diode 100 as shown in FIGS. 1-2 or an integrated circuit
with multiple instances of Zener diode 400.1, 400.2, as shown
in FIGS. 4a and 4b. Design structure 1390 may then proceed
to a stage 1395 where, for example, design structure 1390:
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proceeds to tape-out, is released to manufacturing, is released
to a mask house, is sent to another design house, is sent back
to the customer, etc.

[0078] A representative hardware environment for imple-
menting the design flow process, described above and illus-
trated in FIG. 13, is depicted in FIG. 14. This schematic
drawing illustrates a hardware configuration of an informa-
tion handling/computer system in accordance with the
embodiments herein. The system comprises at least one pro-
cessor or central processing unit (CPU) 10. The CPUs 10 are
interconnected via system bus 12 to various devices such as a
random access memory (RAM) 14, read-only memory
(ROM) 16, and an input/output (I/0O) adapter 18. The 1/O
adapter 18 can connect to peripheral devices, such as disk
units 11 and tape drives 13, or other program storage devices
that are readable by the system. The system can read the
inventive instructions on the program storage devices and
follow these instructions to execute the methodology of the
embodiments herein. The system further includes a user inter-
face adapter 19 that connects a keyboard 15, mouse 17,
speaker 24, microphone 22, and/or other user interface
devices such as a touch screen device (not shown) to the bus
12 to gather user input. Additionally, a communication
adapter 20 connects the bus 12 to a data processing network
25, and a display adapter 21 connects the bus 12 to a display
device 23 which may be embodied as an output device such as
a monitor, printer, or transmitter, for example.

[0079] It should be understood that the terminology used
herein is for the purpose of describing particular embodi-
ments only and is not intended to be limiting of those embodi-
ments. As used herein, the singular forms “a”, “an” and “the”
are intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further under-
stood that the terms “comprises”, “comprising,” “includes,”
and/or “including,” when used in this specification, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
Additionally, it should be understood that terms such as
“right”, “left”, “vertical”, “horizontal”, “top”, “bottom”,
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“upper”, “lower”, “under”, “below”, “underlying”, “over”,
“overlying”, “parallel”, “perpendicular”, etc., used herein are
understood to be relative locations as they are oriented and
illustrated in the drawings (unless otherwise indicated).
Terms such as “touching”, “on”, “in direct contact”, “abut-
ting”, “directly adjacent to”, etc., mean that at least one ele-
ment physically contacts another element (without other ele-

ments separating the described elements).

[0080] It should further be understood that for purposes of
this disclosure, a “semiconductor” is a material or structure
that may include an implanted impurity that allows the mate-
rial to sometimes be a conductor and sometimes be an insu-
lator, based on electron and hole carrier concentration. As
used herein, “implantation processes” can take any appropri-
ate form (whether now known or developed in the future) and
can comprise, for example, ion implantation, etc. Further-
more, an “insulator” is a relative term that means a material or
structure that allows substantially less (<95%) electrical cur-
rent to flow than does a “conductor.” The dielectrics (insula-
tors) mentioned herein can oxide-based dielectrics, such
oxide-based dielectrics can be grown, for example, from
either a dry oxygen ambient or steam and then patterned.
Alternatively, the dielectrics herein may be formed from any
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of'the many candidate dielectric materials, including but not
limited to silicon nitride, silicon oxynitride, or a metal oxide
(e.g., tantalum oxide). The thickness of dielectrics herein may
vary contingent upon the required device performance. The
conductors mentioned herein can be formed of any conduc-
tive material, such as polycrystalline silicon (polysilicon),
amorphous silicon, a combination of amorphous silicon and
polysilicon, and polysilicon-germanium, rendered conduc-
tive by the presence of a suitable dopant. Alternatively, the
conductors herein may be one or more metals, such as tung-
sten, hafnium, tantalum, molybdenum, titanium, or nickel, or
a metal silicide, any alloys of such metals, and may be depos-
ited using physical vapor deposition, chemical vapor deposi-
tion, or any other technique known in the art.

[0081] Finally, it should be understood that the correspond-
ing structures, materials, acts, and equivalents of all means or
step plus function elements in the claims below are intended
to include any structure, material, or act for performing the
function in combination with other claimed elements as spe-
cifically claimed. The description of the embodiments con-
tained in the specification have been presented for purposes of
illustration and description, but is not intended to be exhaus-
tive or limited to the embodiments in the form disclosed.
Many modifications and variations will be apparent to those
of ordinary skill in the art without departing from the scope
and spirit of the embodiments.

[0082] Therefore, disclosed above are embodiments of an
isolated Zener diode structure having a scalable reverse-bias
breakdown voltage (V,) as a function of the position of a
cathode contact region relative to the interface between adja-
cent cathode and anode well regions. Specifically, cathode
and anode contact regions are positioned adjacent to corre-
sponding cathode and anode well regions and are further
separated by an isolation region. While the anode contact
region is contained entirely within the anode well region, one
end of the cathode contact region can extend laterally into the
anode well region. The length of this end (i.e., the length of
the portion of the cathode contact region between the inter-
face and the isolation region) can be selectively adjusted in
orderto selectively adjust the reverse-bias breakdown voltage
(V) of the diode. Specifically, increasing the length reduces
the reverse-bias breakdown voltage (V) of the diode and vice
versa. Also disclosed herein are embodiments of an integrated
circuit incorporating multiple instances of the Zener diode,
having different reverse-bias breakdown voltages, of a
method of forming the Zener diode and of a design structure
for the Zener diode. In other words, these embodiments allow
scaling of the reverse-bias breakdown voltage (V,) of a Zener
diode to be achieved by simply selectively adjusting the posi-
tion of the cathode contact region and, optionally, adding a
conductive field plate. These technique can be incorporated
into conventional device processing (e.g., well implantation,
STI formation, and gate formation) without requiring addi-
tional masking and doping processes (i.e., it is a zero-mask
adder technique).

1. A diode comprising:

a first well region, having a first type conductivity, in a
semiconductor layer;

a second well region, having a second type conductivity
different from said first type conductivity, in said semi-
conductor layer and positioned laterally adjacent to and
abutting said first well region at an interface;
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a first contact region, having said first type conductivity, at
atop surface of said semiconductor layer within said first
well region;

a second contact region, having said second type conduc-
tivity, at said top surface of said semiconductor layer
traversing said interface such that a first end of said
second contact region extends laterally into said first
well region and a second end of said second contact
region extends laterally into said second well region;

an isolation region at said top surface of said semiconduc-
tor layer within said first well region, and positioned
laterally between said first contact region and said first
end of said second contact region; and

a conductive field plate on said isolation region within said
first well region and extending laterally onto said first
end of said second contact region within said first well
region such that said conductive field plate has a first
sidewall aligned above said isolation region and a sec-
ond sidewall opposite said first sidewall, aligned above
said first end of said second contact region within said
first well region and offset from said interface so that
said conductive field plate covers less than all of said first
end of said second contact region within said first well
region.

2. The diode of claim 1, said first end having a predeter-
mined length from said interface to said isolation region and
said conductive field plate covering less than all of said first
end so that said diode is structured to have a predetermined
reverse-bias breakdown voltage.

3. (canceled)

4. The diode of claim 1, said conductive field plate com-
prising any one of a metal field plate and a doped polysilicon
field plate.

5. The diode of claim 1, further comprising:

an additional contact region, having said second type con-
ductivity, at said top surface of said semiconductor layer
within said second well region; and

an additional isolation region positioned laterally between
and abutting said additional contact region and said sec-
ond end of said second contact region.

6. The diode of claim 1,

said second well region laterally surrounding said first well
region,

said isolation region laterally surrounding said first contact
region, and

said second contact region laterally surrounding said iso-
lation region.

7. The diode of claim 1,

said first type conductivity comprising P-type conductiv-
ity, and

said second type conductivity comprising N-type conduc-
tivity.

8. The diode of claim 1, said semiconductor layer compris-
ing a bulk semiconductor substrate further comprising a bur-
ied well region having said second type conductivity below
said first well region and said second well region.

9. The diode of claim 1, further comprising an isolation
layer below said semiconductor layer.

10-25. (canceled)

26. A diode comprising:

a first well region, having a first type conductivity, in a

semiconductor layer;

a second well region, having a second type conductivity
different from said first type conductivity, in said semi-
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conductor layer and positioned laterally adjacent to and
abutting said first well region at an interface;

a first contact region, having said first type conductivity, at
atop surface of said semiconductor layer within said first
well region;

a second contact region, having said second type conduc-
tivity, at said top surface of said semiconductor layer
traversing said interface such that a first end of said
second contact region extends laterally into said first
well region and a second end of said second contact
region extends laterally into said second well region;

an isolation region at said top surface of said semiconduc-
tor layer within said first well region, and positioned
laterally between said first contact region and said first
end of said second contact region; and

a metal field plate on said isolation region within said first
well region and extending laterally onto said first end of
said second contact region within said first well region
such that said metal field plate has a first sidewall aligned
above said isolation region and a second sidewall oppo-
site said first sidewall, aligned above said first end of said
second contact region within said first well region and
offset from said interface so that said metal field plate
covers less than all said first end of said second contact
region within said first well region.

27. The diode of claim 26, said first end having a predeter-

10
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a first contact region, having said first type conductivity, at
atop surface of said semiconductor layer within said first
well region;

a second contact region, having said second type conduc-
tivity, at said top surface of said semiconductor layer
traversing said interface such that a first end of said
second contact region extends laterally into said first
well region and a second end of said second contact
region extends laterally into said second well region;

an isolation region at said top surface of said semiconduc-
tor layer within said first well region, and positioned
laterally between said first contact region and said first
end of said second contact region; and

a doped polysilicon field plate on said isolation region
within said first well region and extending laterally onto
said first end of said second contact region within said
first well region such that said doped polysilicon field
plate has a first sidewall aligned above said isolation
region and a second sidewall opposite said first sidewall,
aligned above said first end of said second contact region
within said first well region and offset from said inter-
face so that said doped polysilicon field plate covers less
than all of said first end of said second contact region
within said first well region.

34. The diode of claim 33, said first end having a predeter-

mined length from said interface to said isolation region and

said doped polysilicon field plate covering less than all of said
first end so that said diode is structured to have a predeter-
mined reverse-bias breakdown voltage.

35. The diode of claim 33, further comprising:

mined length from said interface to said isolation region and
said metal field plate covering less than all of said first end so
that said diode is structured to have a predetermined reverse-
bias breakdown voltage.

28. The diode of claim 26, further comprising:

an additional contact region, having said second type con-
ductivity, at said top surface of said semiconductor layer
within said second well region; and

an additional isolation region positioned laterally between
and abutting said additional contact region and said sec-
ond end of said second contact region.

29. The diode of claim 26,

said second well region laterally surrounding said first well
region,

said isolation region laterally surrounding said first contact
region, and

said second contact region laterally surrounding said iso-
lation region.

30. The diode of claim 26,

said first type conductivity comprising P-type conductiv-
ity, and

said second type conductivity comprising N-type conduc-
tivity.

31. The diode of claim 26, said semiconductor layer com-

an additional contact region, having said second type con-
ductivity, at said top surface of said semiconductor layer
within said second well region; and

an additional isolation region positioned laterally between
and abutting said additional contact region and said sec-
ond end of said second contact region.

36. The diode of claim 33,

said second well region laterally surrounding said first well
region,

said isolation region laterally surrounding said first contact
region, and

said second contact region laterally surrounding said iso-
lation region.

37. The diode of claim 26,

said first type conductivity comprising P-type conductiv-
ity, and

said second type conductivity comprising N-type conduc-
tivity.

38. The diode of claim 33, said semiconductor layer com-

prising a bulk semiconductor substrate further comprising a

prising a bulk semiconductor substrate further comprising a
buried well region having said second type conductivity
below said first well region and said second well region.

32. The diode of claim 26, further comprising an isolation

layer below said semiconductor layer.

33. A diode comprising:

a first well region, having a first type conductivity, in a
semiconductor layer;

a second well region, having a second type conductivity
different from said first type conductivity, in said semi-
conductor layer and positioned laterally adjacent to and
abutting said first well region at an interface;

buried well region having said second type conductivity
below said first well region and said second well region.

39. The diode of claim 33, further comprising an isolation

layer below said semiconductor layer.

40. A diode comprising:

a first well region, having a first type conductivity, in a
semiconductor layer;

a second well region, having a second type conductivity
different from said first type conductivity, in said semi-
conductor layer, said second well region laterally sur-
rounding and abutting said first well region at an inter-
face;
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a first contact region, having said first type conductivity, at
a top surface of said semiconductor layer at a center of
said first well region;

a second contact region, having said second type conduc-
tivity, at said top surface of said semiconductor layer
traversing said interface such that said second contact
region is annular with respect to said first well region and
such a first end of said second contact region extends
laterally into said first well region and a second end of
said second contact region extends laterally into said
second well region;

an isolation region at said top surface of said semiconduc-
tor layer within said first well region, laterally surround-
ing said first contact region and abutting said first end of
said second contact region; and

a conductive field plate on said isolation region within said
first well region and extending laterally onto said first
end of said second contact region within said first well
region such that said conductive field plate has a first
sidewall aligned above said isolation region and a sec-
ond sidewall opposite said first sidewall, aligned above
said first end of said second contact region within said
first well region and offset from said interface so that
said conductive field plate covers less than all of said first
end of said second contact region within said first well
region.
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