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SCHOTTKY DIODE

TECHNICAL FIELD

The present invention relates to Schottky diodes and, more particularly, to a
Schottky diode with a control gate for optimization of the on state resistance, the

reverse leakage current, and the reverse breakdown voltage.

BACKGROUND ART

A Schottky diode is a well-known structure with a metal-to-silicon junction that
functions as a diode. Schottky diodes have a forward voltage drop that is lower than
the forward voltage drop of a conventional pn diode (e.g., 0.35V versus 0.7V) and a
switching action that is faster than the switching action of a conventional pn diode
(e.g., 100ps versus 100ns).

FIGS. 1A-1C show views that illustrate an example of a conventional Schottky
diode 100. FIG. 1A shows a plan view, FIG. 1B shows a cross-sectional view taken
along line 1B-1B of FIG. 1A, and FIG. 1C shows a cross-sectional view taken along line
1C-1C of FIG. 1A. As shown in FIGS. 1A-1C, Schottky diode 100 includes an n-type
semiconductor material 110, such as an n-type substrate, epitaxial layer, or well, and
a shallow trench isolation (STI) ring 112 that is formed in semiconductor material 110.

As further shown in FIGS. 1A-1C, Schottky diode 100 includes an n+ ring 114
and a p+ guard ring 116 that are formed in semiconductor material 110 on opposite
sides of STI ring 112. Schottky diode 100 also includes a metal ring 120 that touches
the top surface of n+ ring 114, and a metal region 122 that touches the top surface of
semiconductor material 110 and p+ guard ring 116. Metal ring 120 and metal region
122 are commonly formed with a silicide, such as platinum silicide.

In addition, Schottky diode 100 includes a non-conductive layer 130 that
touches the top surfaces of the STI region 112, the metal ring 120, and the metal
region 122, a number of first contacts 132 that extend through non-conductive layer

130 to make electrical connections with metal ring 120, and a number of second
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contacts 134 that extend through non-conductive layer 130 to make electrical
connections with metal region 122.

In operation, metal region 122 functions as the anode of the diode and
semiconductor material 110 functions as the cathode of the diode. In addition, n+
ring 114 functions as the cathode contact, while p+ guard ring 116 reduces the
leakage current. As a result, when the voltage applied to metal region 122 rises
above the voltage applied to semiconductor material 110 by approximately 0.35V, a
current flows from metal region 122 to n+ ring 114. On the other hand, when the
voltage applied to metal region 122 falls below the voltage applied to semiconductor
material 110, substantially no current flows from n+ ring 114 to metal region 122.

One of the drawbacks of Schottky diodes is that Schottky diodes have a
relatively high reverse leakage current when compared to conventional pn diodes.
(The reverse leakage current is a small current that flows when the voltage applied to
the anode falls below the voltage applied to the cathode.)

Another drawback of Schottky diodes is that Schottky diodes have a relatively
low reverse breakdown voltage when compared to conventional pn diodes. (The
reverse breakdown voltage is the maximum amount that the voltage applied to the
anode can fall below the voltage applied to the cathode before a substantial current
flows from the cathode to the anode.) Thus, there is a need for a Schottky diode that

has a lower reverse leakage current and a higher reverse breakdown voltage.

DISCLOSURE OF INVENTION

Operating characteristics, such as the on state resistance, the reverse leakage
current, and the reverse breakdown voltage, are improved with the Schottky diode of
the present invention. The Schottky diode of the present invention includes a
semiconductor structure that has an n-type region, a first n-type strip that touches the
semiconductor structure, and a second n-type strip that touches the semiconductor
structure. The n-type region has a dopant concentration. The first n-type strip has a
dopant concentration that is greater than the dopant concentration of the n-type
region. The second n-type strip has a dopant concentration that is greater than the

dopant concentration of the n-type region, and is apart from the first n-type strip. No
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doped region with an n-type and a dopant concentration greater than the dopant
concentration of the n-type region touches both the first n-type strip and the second
n-type strip. The Schottky diode of the present invention also includes a shallow
trench isolation (STI) ring that touches the semiconductor structure to laterally
enclose the first n-type strip and the second n-type strip. The Schottky diode of the
present invention further includes a first metal strip that touches a top surface of the
first n-type strip, and a second metal strip that touches a top surface of the second n-
type strip. The Schottky diode of the present invention additionally includes a metal
region that touches the semiconductor structure, lies laterally between the first metal
strip and the second metal strip, and is spaced apart from the first metal strip and the
second metal strip.

A method of forming a Schottky diode of the present invention in a
semiconductor structure that includes an n-type region, where the n-type region has a
dopant concentration, includes implanting the semiconductor structure to form a first
n-type strip and a second n-type strip in the semiconductor structure. The first n-type
strip and the second n-type strip each have a dopant concentration that is greater
than the dopant concentration of the n-type region. The second n-type strip is spaced
apart from the first n-type strip. No doped region with an n-type and a dopant
concentration greater than the dopant concentration of the n-type region touches
both the first n-type strip and the second n-type strip.

The method further includes depositing a layer of metal, and reacting the layer
of metal to form a first metal strip that touches a top surface of the first n-type strip,
a second metal strip that touches a top surface of the second n-type strip, and a
metal region that touches the semiconductor structure, lies laterally between the first
metal strip and the second metal strip, and spaced apart from the first metal strip and

the second metal strip.

BRIEF DESCRIPTION OF DRAWINGS

FIGS. 1A-1C are views illustrating an example of a conventional Schottky diode
100. FIG. 1Ais a plan view, FIG. 1B is a cross-sectional view taken along line 1B-1B
of FIG. 1A, and FIG. 1C is a cross-sectional view taken along line 1C-1C of FIG. 1A.
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FIGS. 2A-2C are views illustrating an example of a Schottky diode 200 in
accordance with the present invention. FIG. 2A is a plan view, FIG. 2B is a cross-
sectional view taken along line 2B-2B of FIG. 2A, and FIG. 2C is a cross-sectional view
taken along line 2C-2C of FIG. 2A.

FIGS. 3A-3C are views illustrating an example of a Schottky diode 300 in
accordance with a first alternate embodiment of the present invention. FIG. 3Ais a
plan view, FIG. 3B is a cross-sectional view taken along line 3B-3B of FIG. 3A, and
FIG. 3C is a cross-sectional view taken along line 3C-3C of FIG. 3A.

FIGS. 4A-4C are views illustrating an example of a Schottky diode 400 in
accordance with a second alternate embodiment of the present invention. FIG. 4A is
a plan view, FIG. 4B is a cross-sectional view taken along line 4B-4B of FIG. 4A, and
FIG. 4C is a cross-sectional view taken along line 4B-4B of FIG. 4A.

FIGS. 5A-5C are views illustrating an example of a Schottky diode 500 in
accordance with a third alternate embodiment of the present invention. FIG. 5Ais a
plan view, FIG. 5B is a cross-sectional view taken along line 5B-5B of FIG. 5A, and
FIG. 5C is a cross-sectional view taken along line 5C-5C of FIG. 5A.

FIGS. 6A-6F and FIGS. 7A-7F are a series of cross-sectional views that illustrate
an example of a method of forming Schottky diode 200 in accordance with the
present invention. FIGS. 6A-6F are taken along line 2B-2B of FIG. 2A, while FIGS. 7A-
7F are taken along line 2C-2C of FIG. 2A.

FIG. 8 is a cross-sectional view taken along line 3B-3B of FIG. 3A illustrating a
method of forming Schottky diode 300 in accordance with the present invention.

FIG. 9 is a cross-sectional view taken along line 4B-4B of FIG. 4A illustrating a
method of forming Schottky diode 400 in accordance with the present invention.

FIG. 10 is a cross-sectional view taken along line 5B-5B of FIG. 5A illustrating a

method of forming Schottky diode 500 in accordance with the present invention.

MODE(S) FOR CARRYING OUT THE INVENTION

FIGS. 2A-2C show views that illustrate an example of a Schottky diode 200 in
accordance with the present invention. FIG. 2A shows a plan view, FIG. 2B shows a
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cross-sectional view taken along line 2B-2B of FIG. 2A, and FIG. 2C shows a cross-
sectional view taken along line 2C-2C of FIG. 2A.

As shown in FIGS. 2A-2C, Schottky diode 200 includes an n-type semiconductor
material 210, such as an n-type substrate, epitaxial layer, or well, and a shallow
trench isolation (STI) ring 212 that is formed in semiconductor material 210. Schottky
diode 200 also includes a first n-type strip 214 and a second n-type region 216 that
are formed in semiconductor material 210 to touch a portion of the inner side wall of
STIring 212.

The n-type strips 214 and 216, which each include an n+ region and a low-
density drain (LDD) region, are spaced apart and, in the present example, are
substantially parallel to each other. As a result, the n-type strips 214 and 216 each
has a dopant concentration that is greater than a dopant concentration of
semiconductor material 210. Further, no n-type region with a dopant concentration
greater than the dopant concentration of semiconductor material 210 touches both n-
type strip 214 and n-type strip 216.

As further shown in FIGS. 2A-2C, Schottky diode 200 includes a first p+ region
220 and a second p+ region 222 that are formed in semiconductor material 210 to
touch portions of the inner side wall of STI ring 212. The p+ regions 220 and 222 lie
laterally between the n-type strips 214 and 216, and are spaced apart such that no p-
type region touches both p+ region 220 and p+ region 222.

Further, Schottky diode 200 includes a first non-conductive strip 224 and a
second non-conductive strip 226 that touch the top surface of semiconductor material
210. First non-conductive strip 224 and second non-conductive strip 226, which can
be implemented with a non-conductive material such as oxide, are spaced apart and
lie between the n-type strips 214 and 216.

Schottky diode 200 additionally includes a first conductive strip 230 and a
second conductive strip 232 that touch the top surfaces of the first and second non-
conductive strips 224 and 226, respectively. First conductive strip 230 and second
conductive strip 232, which can be implemented with a conductive material such as
doped polysilicon, are spaced apart and lie between the n-type strips 214 and 216.

Further, Schottky diode 200 includes a first non-conductive side wall spacer

234 and a second non-conductive side wall spacer 236 that touch the top surface of
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semiconductor material 210. Side wall spacer 234 also touches the side walls of non-
conductive strip 224 and conductive strip 230, while side wall spacer 236 touches the
side walls of non-conductive strip 226 and conductive strip 232.

Schottky diode 200 also includes a metal strip 240 that touches the top surface
of n-type strip 214, a metal strip 242 that touches the top surface of n-type strip 216,
a metal region 244 that touches the top surface of semiconductor material 210 and
the p+ regions 220 and 222, a metal strip 246 that touches the top surface of
conductive strip 230, and a metal strip 248 that touches the top surface of conductive
strip 232. As shown, metal strip 240, metal strip 242, and metal region 244 lie in a
single plane P. The metal strips 240, 242, 246, and 248 and the metal region 244 can
be implemented with a silicide, such as cobalt silicide.

In addition, Schottky diode 200 includes a non-conductive layer 250 that
touches and overlies the STI ring 212, the side wall spacers 234 and 236, the metal
strips 240, 242, 246, and 248, and the metal region 244. Schottky diode 200 also
includes a number of first contacts 260, a number of second contacts 262, a number
of third contacts 264, a number of fourth contacts 266, and a number of fifth contacts
268.

The number of first contacts 260 extends through non-conductive layer 250 to
make electrical connections with metal strip 240, while the number of second contacts
262 extends through non-conductive layer 250 to make electrical connections with
metal strip 242. The metal strips 240 and 242 are electrically connected together in
the metal interconnect structure.

The number of contacts 264 extends through non-conductive layer 250 to
make electrical connections with metal region 244, the humber of contacts 266
extends through non-conductive layer 250 to make electrical connections with metal
strip 246, and the number of contacts 268 extends through non-conductive layer 250
to make electrical connections with metal strip 248.

In operation, metal region 244 functions as the anode of diode 200 and the
semiconductor material 210 functions as the cathode of diode 200. In addition, the n-
type strips 214 and 216 function as the cathode contacts, while the p+ regions 220
and 222 reduce leakage current. As a result, when the voltage applied to metal

region 244 rises above the voltage applied to semiconductor region 210 by
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approximately 0.35V, a current flows from metal region 244 to n-type strip 214 and a
current flows from metal region 244 to n-type strip 216.

In addition, the p+ regions 220 and 222 and the underlying n-type
semiconductor material 210 form pn junctions. As a result, when the voltage applied
to metal region 244 rises above the voltage applied to semiconductor region 210 by
approximately 0.7V, currents flow from the p+ regions 220 and 222 to the n-type
strips 214 and 216. Thus, the Schottky diode 200 turns on before the pn junctions
turn on. On the other hand, when the voltage applied to metal region 244 falls below
the voltage applied to semiconductor material 210, substantially no current flows from
semiconductor material 210 to metal region 244.

In addition, a voltage can be placed on the conductive strips 230 and 232 to
modify the operation of diode 200. When a positive voltage is applied to the
conductive strips 230 and 232, electrons are attracted to the top surface of
semiconductor material 210 directly below the conductive strips 230 and 232. The
attracted electrons form channel-type regions that reduce the series resistance and
increase the magnitudes of the currents that flow to the n-type strips 214 and 216.
Thus, by selecting the magnitude of the positive voltage, the on state resistance of
diode 200 can be optimized.

On the other hand, when a negative voltage is applied to the conductive strips
230 and 232, the top surface of semiconductor material 210 directly below the
conductive strips 230 and 232 becomes depleted which, in turn, substantially reduces
the reverse leakage current and substantially increases the reverse breakdown
voltage. Thus, by selecting the magnitude of the negative voltage, the reverse
leakage current and the reverse breakdown voltage can be optimized. As a result,
one of the advantages of the present invention is that by biasing the conductive strips
230 and 232 the characteristics of diode 200 can be optimized.

Another advantage of the present invention is that the present invention
eliminates the formation of the p+ guard ring and the contacts along two sides of the
anode (e.g., along the two vertical sides of metal region 122 shown in FIG. 1A). By
eliminating the formation of the p+ guard ring and the contacts along two sides of the
anode, the width of the diode can be reduced which, in turn, increases the frequency

of the voltage that can be applied to the anode.
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FIGS. 3A-3C show views that illustrate an example of a Schottky diode 300 in
accordance with a first alternate embodiment of the present invention. FIG. 3A shows
a plan view, FIG. 3B shows a cross-sectional view taken along line 3B-3B of FIG. 3A,
and FIG. 3C shows a cross-sectional view taken along line 3C-3C of FIG. 3A. Schottky
diode 300 is similar to Schottky diode 200 and, as a result, utilizes the same reference
numerals to designate the structures which are common to both diodes.

As shown in FIGS. 3A-3C, diode 300 differs from diode 200 in that diode 300
includes a shallow trench isolation (STI) strip 310 that is formed in semiconductor
material 210 to lie partially below conductive strip 230, and an STI strip 312 that is
formed in semiconductor material 210 to lie partially below conductive strip 232.

In addition, since the STI strips 310 and 312 lie partially below the conductive
strips 230 and 232, the LDD regions of the n-type conductive strips 214 and 216 are
eliminated. Schottky diode 300 operates the same as Schottky diode 200 except that
the STI strips 310 and 312 further reduce the reverse leakage current and further
increase the reverse breakdown voltage of the diode.

FIGS. 4A-4C show views that illustrate an example of a Schottky diode 400 in
accordance with a second alternate embodiment of the present invention. FIG. 4A
shows a plan view, FIG. 4B shows a cross-sectional view taken along line 4B-4B of
FIG. 4A, and FIG. 4C shows a cross-sectional view taken along line 4C-4C of FIG. 4A.
Schottky diode 400 is similar to Schottky diode 200 and, as a result, utilizes the same
reference numerals to designate the structures which are common to both diodes.

As shown in FIGS. 4A-4C, diode 400 differs from diode 200 in that diode 400
utilizes a first non-conductive strip 410 in lieu of first non-conductive strip 224 and
first conductive strip 230, and a second non-conductive strip 412 in lieu of second
non-conductive strip 226 and second conductive strip 232.

As a result, no conductive member lies between non-conductive layer 250 and
any portion of first non-conductive strip 410, and no conductive member lies between
non-conductive layer 250 and any portion of second non-conductive strip 412. The
non-conductive strips 410 and 412 can be implemented with, for example, oxide or
oxide and nitride, and are thicker than the non-conductive strips 230 and 232.

Schottky diode 400 operates the same as Schottky diode 200 except that diode

400 does not reduce the reverse leakage current and increase the reverse breakdown
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voltage. Diode 400 is best utilized in a high-frequency application where a higher
reverse leakage current and a lower reverse breakdown voltage are acceptable.

FIGS. 5A-5C show views that illustrate an example of a Schottky diode 500 in
accordance with a third alternate embodiment of the present invention. FIG. 5A
shows a plan view, FIG. 5B shows a cross-sectional view taken along line 5B-5B of
FIG. 5A, and FIG. 5C shows a cross-sectional view taken along line 5C-5C of FIG. 5A.
Schottky diode 500 is similar to Schottky diode 200 and, as a result, utilizes the same
reference numerals to designate the structures which are common to both diodes.

As shown in FIGS. 5A-5C, diode 500 differs from diode 200 in that diode 500
utilizes a silicon-on-insulator (SOI) structure 510 in lieu of semiconductor material
210. SOI structure 510 includes a (p-type or n-type) handle region 512, an insulation
layer 514, and a thin n-type silicon film 516. Film 516 is isolated from handle region
512 by insulation layer 514, and from adjacent devices by STI ring 212.

In addition, because diode 500 is completely isolated, the p+ regions 220 and
222 are omitted. Further, during the formation of the metal strips 240 and 242, the
n+ regions of the n-type strips 214 and 216 are consumed, leaving only a portion of
the LDD regions of the n-type strips 214 and 216. Similarly, the formation of metal
region 244 also consumes all of the underlying film 516. Schottky diode 500 operates
the same as Schottky diode 200 except that the metal-silicon junction of diode 500 is
no longer principally below metal region 244, but instead lies along the side walls S of
metal region 244.

FIGS. 6A-6F and FIGS. 7A-7F show a series of cross-sectional views that
illustrate an example of a method of forming Schottky diode 200 in accordance with
the present invention. FIGS. 6A-6F are taken along line 2B-2B of FIG. 2A, while FIGS.
7A-7F are taken along line 2C-2C of FIG. 2A. As shown in FIGS. 6A and 7A, the
method utilizes a conventionally-formed wafer that includes a p-type substrate 610,
an n-well 612 that is formed in substrate 610, and a shallow trench isolation (STI)
ring 614 that is formed in substrate 610 and n-well 612.

In addition, the method utilizes a transistor stack 616 and a transistor stack
618 that are formed in a conventional fashion at the same time that a number of
adjacent MOS transistors are formed. Transistor stack 616 includes a first non-

conductive strip 620 that is formed on the top surface of n-well 612, while transistor
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stack 618 includes a second non-conductive strip 622 that is formed on the top
surface of n-well 612. The non-conductive strips 620 and 622 can be formed at the
same time that the gate oxide regions of the adjacent MOS transistors are formed.

Further, transistor stack 616 includes a first conductive strip 624 that is formed
on the top surface of first non-conductive strip 620, while transistor stack 618 includes
a second conductive strip 626 that is formed on the top surface of second non-
conductive strip 622. The conductive strips 624 and 626 can be formed from
polysilicon at the same time that the poly gates of the adjacent MOS transistors are
formed.

As further shown in FIGS. 6A and 7A, the method begins by forming and
patterning a mask 630 that touches the top surface of n-well 612. Mask 630 protects
the region of n-well 612 that lies between the first and second conductive strips 624
and 626. After mask 630 has been patterned, an n-type dopant is implanted into n-
well 612 through the openings in mask 630 to form a first n-type strip 632 and a
second n-type strip 634. (The implant can optionally implant all of the top surfaces of
the conductive strips 624 and 626.) The first and second n-type strips 632 and 634
can be formed at the same time that the LDD regions of the adjacent NMOS
transistors are formed. Following the implant, mask 630 is removed.

Following the removal of mask 630, a layer of oxide is deposited on n-well 612
and the first and second conductive strips 624 and 626. As shown in FIGS. 6B and
7B, the deposited oxide is then anisotropically etched back to remove the deposited
oxide from the top surfaces of the first and second conductive strips 624 and 626, and
thereby form a first side wall spacer 640 and a second side wall spacer 642.

First side wall spacer 640 touches the side walls of non-conductive strip 620
and conductive strip 624, while second side wall spacer 642 touches the side walls of
non-conductive strip 622 and conductive strip 626. The first and second side wall
spacers 640 and 642 can be formed at the same time that the side wall spacers of the
adjacent MOS transistors are formed.

As shown in FIGS. 6C and 7C, after the spacers 640 and 642 have been
formed, a mask 650 is formed and patterned to touch the top surface of n-well 612.
Mask 650 protects the region of n-well 612 that lies between the first and second

conductive strips 624 and 626. After mask 650 has been patterned, an n-type dopant
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is implanted into n-well 612 through the openings in mask 650 to form a first n-type
strip 652 and a second n-type strip 654. (The implant can optionally implant all of the
top surfaces of the conductive strips 624 and 626.) The first and second n-type strips
652 and 654 can be formed at the same time that the n+ regions of the adjacent
NMOS transistors are formed. Following the implant, mask 650 is removed.

As shown in FIGS. 6D and 7D, following the removal of mask 650, a mask 660
is formed and patterned to touch the top surface of n-well 612. Mask 660 protects a
portion of the region of n-well 612 that lies between the first and second conductive
strips 624 and 626. After mask 660 has been patterned, a p-type dopant is implanted
into n-well 612 through the openings in mask 660 to form a first p-type region 662
and a second p-type region 664.

By reducing the widths of the first and second p-type regions 662 and 664, the
capacitance is reduced which, in turn, improves the switching speed of diode 200.
The first and second p-type regions 662 and 664 can be formed at the same time that
the p+ regions of the adjacent PMOS transistors are formed. Following the implant,
mask 660 is removed.

Following the removal of mask 660, the exposed surfaces are thoroughly
cleaned, and a layer of metal, such as cobalt, is deposited on n-well 612, STI ring
614, the first and second conductive strips 624 and 626, the first and second side wall
spacers 640 and 642, the first and second n-type strips 652 and 654, and the first and
second p-type regions 662 and 664. Cobalt is commonly used in advanced (e.g., 0.25
micron) CMOS processes, and has a lower sheet resistance than platinum. Platinum
also suffers from problems with small photo dimensions such as narrow gates.

As shown in FIGS. 6E and 7E, the layer of metal is then reacted in a
conventional way to form a metal silicide strip 670 that touches the top surface of first
n-type strip 652, a metal silicide strip 672 that touches the top surface of second n-
type strip 654, a metal silicide region 674 that touches the top surface of n-well 612
and the p-type regions 662 and 664, a metal silicide strip 676 that touches the top
surface of conductive strip 624, and a metal silicide strip 678 that touches the top
surface of conductive strip 626.

Metal silicide does not form on the STI ring 614 and the side wall spacers 640

and 642, and the layer of metal is removed from the STI ring 614 and the side wall
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spacers 640 and 642 in a conventional manner following the formation of the metal
silicide strips 670, 672, 676, and 678, and the metal silicide region 674. U.S. Patent
No. 6,255,227 B1 issued on July 3, 2001 to Donaton et al, which is hereby
incorporated by reference, discloses the formation of cobalt silicide, including
approaches to thoroughly clean a wafer before the metal is deposited.

The metal silicide strips 670, 672, 676, and 678, and the metal silicide region
674 can be formed at the same time that the adjacent MOS transistors are silicided.
Thus, one of the advantages of the present invention is that a Schottky diode can be
formed in a self-aligned process as part of a standard CMOS process flow.

As shown in FIGS. 6F and 7F, after the metal silicide strips 670, 672, 676, and
678, and the metal silicide region 674 have been formed, a non-conductive layer 680
is formed on STI ring 614, the first and second side wall spacers 640 and 642, the
metal silicide strips 670, 672, 676, and 678, and the metal silicide region 674. In
addition, a number of first contacts 690, a number of second contacts 692, a number
of third contacts 694, a number of fourth contacts, and a number of fifth contacts are
formed in a conventional manner.

The first contacts 690 extend through non-conductive layer 680 to make
electrical connections with metal silicide strip 670, the number of second contacts 692
extend through non-conductive layer 680 to make electrical connections with metal
silicide strip 672, the number of third contacts 694 extend through non-conductive
layer 680 to make electrical connections with metal silicide region 674, the number of
fourth contacts extend through non-conductive layer 680 to make electrical
connections with metal silicide strip 676, and the number of fifth contacts extend
through non-conductive layer 680 to make electrical connections with metal silicide
strip 678.

FIG. 8 shows a cross-sectional view taken along line 3B-3B of FIG. 3A that
illustrates a method of forming Schottky diode 300 in accordance with the present
invention. Schottky diode 300 is formed in the same manner that Schottky diode 200
is formed except that, as shown in FIG. 8, the method utilizes a conventionally-formed
wafer that, in addition to including p-type substrate 610, n-well 612, and STI ring 614,
also includes an STI strip 810 and an STI strip 812.
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The STI strips 810 and 812 are conventionally formed in n-well 612 at the
same time that STI ring 614 is formed. Further, the non-conductive strip 620 and the
conductive strip 624 are formed to lie over a portion of STI strip 810, and the non-
conductive strip 622 and the conductive strip 626 are formed to lie over a portion of
STI strip 812. In addition, although LDD regions are initially formed, the STI strips
810 and 812 prevent the formation of LDD regions under the to-be-formed side wall
spacers. As a result, the LDD regions are eliminated by the subsequent formation of
the n+ regions 652 and 654.

FIG. 9 shows a cross-sectional view taken along line 4B-4B of FIG. 4A that
illustrates a method of forming Schottky diode 400 in accordance with the present
invention. Schottky diode 400 is formed in the same manner that Schottky diode 200
is formed except that, as shown in FIG. 9, a non-conductive strip 910 and a non-
conductive strip 912 are utilized in lieu of transistor stack 616 and transistor stack
618, respectively.

The non-conductive strips 910 and 912 are formed in a conventional fashion.
For example, a layer of oxide, or layers of oxide and nitride, can be deposited and
patterned to form the strips 910 and 912. As a result, the method begins by forming
the first and second n-type strips 632 and 634 to lie adjacent to the non-conductive
strips 912 and 914, respectively, rather than adjacent to the non-conductive strips 620
and 622, respectively.

FIG. 10 shows a cross-sectional view taken along line 5B-5B of FIG. 5A that
illustrates a method of forming Schottky diode 500 in accordance with the present
invention. Schottky diode 500 is formed in the same manner that Schottky diode 200
is formed except that, as shown in FIG. 10, the method utilizes a conventionally-
formed SOI wafer 1010 in lieu of the wafer used to form diodes 200, 300, and 400.

SOI wafer 1010, in turn, includes a (p-type or n-type) handle region 1012, an
insulation layer 1014, and a thin n-type silicon film 1016. Film 1016 is isolated from
handle region 1012 by insulation layer 1014. An STI region 1018 is also
conventionally formed in film 1016 to laterally isolate adjacent devices.

In addition, because each device is fully isolated, the implant illustrated in
FIGS. 6D and 7D that is used to form the p+ regions 662 and 664 is omitted. Further,
because film 1016 is thin, the reaction illustrated in FIGS. 6E and 7E that forms the
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metal silicide strips 670 and 672 consumes the n+ regions 652 and 654, leaving only
a portion of the LDD regions 632 and 634. Similarly, the formation of metal silicide
region 674 consumes the underlying film 1016.

It should be understood that the above descriptions are examples of the
present invention, and that various alternatives of the invention described herein may
be employed in practicing the invention. Therefore, it is intended that the following
claims define the scope of the invention and that structures and methods within the

scope of these claims and their equivalents be covered thereby.
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WHAT IS CLAIMED IS:

1. A Schottky diode comprising:

a semiconductor structure having an n-type region, the n-type region having a
dopant concentration;

a first n-type strip that touches the semiconductor structure, the first n-type
strip having a dopant concentration that is greater than the dopant concentration of
the n-type region;

a second n-type strip that touches the semiconductor structure, the second n-
type strip having a dopant concentration that is greater than the dopant concentration
of the n-type region, and being spaced apart from the first n-type strip, no doped
region with an n-type and a dopant concentration greater than the dopant
concentration of the n-type region touching both the first n-type strip and the second
n-type strip;

a shallow trench isolation (STI) ring that touches the semiconductor structure
to laterally enclose the first n-type strip and the second n-type strip;

a first metal strip that touches a top surface of the first n-type strip;

a second metal strip that touches a top surface of the second n-type strip; and

a metal region that touches the semiconductor structure, lies laterally between
the first metal strip and the second metal strip, and spaced apart from the first metal

strip and the second metal strip.

2. The Schottky diode of claim 1 wherein the STI ring touches the first n-
type strip and the second n-type strip.

3. The Schottky diode of claim 2 wherein the first metal strip, the second

metal strip, and the metal region lie in a single plane.
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4, The Schottky diode of claim 3 and further comprising:

a first non-conductive strip that touches a top surface of the semiconductor
structure, the first non-conductive strip lying laterally between the first metal strip and
the metal region; and

a second non-conductive strip that touches the top surface of the
semiconductor structure, the second non-conductive strip being spaced apart from the
first non-conductive strip, and lying laterally between the second metal strip and the

metal region.

5. The Schottky diode of claim 4 and further comprising:

a first p-type region that touches the semiconductor structure, the first p-type
region lying laterally between the first n-type strip and the second n-type strip; and

a second p-type region that touches the semiconductor structure, the second
p-type region lying laterally between the first n-type strip and the second n-type strip,
and being spaced apart from the first p-type region such that no p-type region

touches both the first p-type region and the second p-type region.

6. The Schottky diode of claim 5 wherein the first n-type strip includes a
first region with a dopant concentration that is greater than the dopant concentration
of the n-type semiconductor material, and a second region with a dopant

concentration greater than the dopant concentration of the first region.

7. The Schottky diode of claim 6 wherein the STI ring touches the first p-

type region and the second p-type region.

8. The Schottky diode of claim 7 and further comprising:

a first conductive strip that touches a top surface of the first non-conductive
strip;

a second conductive strip that touches a top surface of the second non-
conductive strip;

a third metal strip that touches a top surface of the first conductive strip; and

a fourth metal strip that touches a top surface of the second conductive strip.
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9. The Schottky diode of claim 8 and further comprising:

a first STI strip located in the semiconductor structure, the first n-type strip
lying between and touching the first STI strip and the STI ring; and

a second STI strip located in the semiconductor structure, the second n-type

strip lying between and touching the second STI strip and the STI ring.

10. The Schottky diode of claim 9 wherein:
the first conductive strip lies directly over a portion of the first STI strip; and

the second conductive strip lies directly over a portion of the second STI strip.

11. The Schottky diode of claim 7 and further comprising a non-conducting
layer that touches the first non-conductive strip, the second non-conductive strip, the
first metal strip, the second metal strip, and the metal region, no conductive member
lying between the non-conducting layer and any portion of the first non-conductive
strip, no conductive member lying between the non-conducting layer and any portion

of the second non-conductive strip.

12.  The Schottky diode of claim 8 wherein the semiconductor structure
includes an insulation layer, a first n-type region that touches the insulation layer, and
a second n-type region that touches the insulation layer, a bottom surface of the

metal region touching the insulation layer.

13.  The Schottky diode of claim 12 wherein a side wall of the metal region

touches the first and second n-type regions.
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14. A method of forming a Schottky diode in a semiconductor structure that
includes an n-type region, the n-type region having a dopant concentration, the
method comprising:

implanting the semiconductor structure to form a first n-type strip and a
second n-type strip in the semiconductor structure, the first n-type strip and the
second n-type strip each having a dopant concentration that is greater than the
dopant concentration of the n-type region, the second n-type strip being spaced apart
from the first n-type strip, no doped region with an n-type and a dopant concentration
greater than the dopant concentration of the n-type region touching both the first n-
type strip and the second n-type strip;

depositing a layer of metal; and

reacting the layer of metal to form a first metal strip that touches a top surface
of the first n-type strip, a second metal strip that touches a top surface of the second
n-type strip, and a metal region that touches the semiconductor structure, lies
laterally between the first metal strip and the second metal strip, and spaced apart

from the first metal strip and the second metal strip.

15.  The method of claim 14 and further comprising forming a first side wall
spacer that touches the first n-type strip and a second side wall spacer that touches

the second n-type strip.

16. The method of claim 15 and further comprising:

implanting the semiconductor structure to form a first p-type region located in
the semiconductor structure, the first p-type region lying laterally between the first n-
type strip and the second n-type strip; and

implanting the semiconductor structure to form a second p-type region located
in the semiconductor structure, the second p-type region lying laterally between the
first n-type strip and the second n-type strip, and being spaced apart from the first p-
type region such that no p-type region touches both the first p-type region and the

second p-type region.
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17.  The method of claim 16 wherein the semiconductor structure includes:

a first non-conductive strip that touches a top surface of the semiconductor
structure;

a second non-conductive strip that touches the top surface of the
semiconductor structure, the second non-conductive strip being spaced apart from the
first non-conductive strip;

a first conductive strip that touches a top surface of the first non-conductive
strip; and

a second conductive strip that touches a top surface of the second non-

conductive strip.

18.  The method of claim 16 wherein the semiconductor structure includes:

a first non-conductive strip that touches a top surface of the semiconductor
structure; and

a second non-conductive strip that touches the top surface of the
semiconductor structure, the second non-conductive strip being spaced apart from the
first non-conductive strip;

and further comprising forming a non-conducting layer that touches the first
non-conductive strip, the second non-conductive strip, the first metal strip, the second
metal strip, and the metal region, no conductive member lying between the non-
conducting layer and any portion of the first non-conductive strip, no conductive
member lying between the non-conducting layer and any portion of the second non-

conductive strip.

19. The method of claim 17 wherein the semiconductor structure includes
an insulation layer, a first n-type region that touches the insulation layer, and a
second n-type region that touches the insulation layer, a bottom surface of the metal

region touching the insulation layer.
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20.  The method of claim 17 wherein the semiconductor structure includes:

an STI ring that touches the first n-type strip, the second n-type strip, the first
p-type region, and the second p-type region.

a first STI strip that touches the semiconductor structure, the first n-type strip
lying touching the first STI strip and the STI ring; and

a second STI strip that touches the semiconductor structure, the second n-type

strip lying touching the second STI strip and the STI ring.

-20



WO 2011/133247 PCT/US2011/026213
1/9
i—'P 1C ’/100
___________________________________ :
‘0 O o o o o o o O
|
= / O 114
|
| 5 O O O O O |_:|’:/
| Or- """~ """ O |
. | : /:,_ _/:-120
| |
0 | 16! o o' 1B
b | A
| |
l— o o= 134 O o—1
| | ' [
[ ' [
/'/EI IZ—I:/ O 0!
| | ! [
| |
132 <4 R I O
\D O O O O O |
|
|
i STI 0
' |
0 O O Oo o o o o O
L e e e e e e e e e e e e e e e —
I
—1C
FIG. 1A
(PRIOR ART)
132 134 134 132
B 5 c < 130
120~ LI | | | LI 120
14—t o7 [ PE 1167 116—12H 1 o71 [ M 114
0 122 !
1-110
FIG. 1B
(PRIOR ART)
132 134 134 132
\ \ Z 2 130
120~ LI | | | LI 120
14—t o7 [ B 1162 11612+ 1 71 [ M 114
g 122 !
1-110
FIG. 1C

(PRIOR ART)



WO 2011/133247 PCT/US2011/026213
2/9
266 67 STI 2/20 268 212
P | - —
| I ! I |
| I I |
214—~] O : |——I¥—;—|——l : O | —— 216
224—\/ : : 264 : : \/— 226
| |
230 |1 - i B
234’_\\—7’ | | IT—//—\236
2B E_I : : '-—D/ 2B
| |
A all | ¥ g 4
| |
20—~ |1 | | 242
. ol ! O |
46— |1 : : ]l By st
O O
260 < o 284 |0 >~ 262
BB
[ | | [
| |
266 s (o) g
B2 g LB
L 2C
FIG. 2A
260 248 243 262
240 | | 4 [, 230 2 ~ ) S| [ 242 1250
; \ 11234 236~[[ y, ;
1 STI 0t ) 22% 1N+ STIl-212
212 224
oo 2% ppt 1-210
21
214 FIG.2B "
264 264
/ \
1250
212-T STI FREN-220 ) 200 AREISTT |-212
244 1210

FIG 2C:



WO 2011/133247 PCT/US2011/026213
3/9
300
1
- = 1212
so—fier| ST 20Tt ass g
—_ — ] _ L —— | — l——
—— | | _A___/J _ ] |
24— | O | i %64/5 i | O| 26
224 ——_| o L | —1— 226
030 ——1=1 i ! S I B i
\ | _ | T | /
3B — S 3B
| |
A al [V 2 |n g 4
240 —~—_| i | | i T2
| |
246 —\E\j_ | | H:F/E/—— 248
| |
260 <] | 264 o ~~ 262
ol | el | T
4L Ll
266 o | | nos 068
B 222 g1 A= of
—3C
FIG. 3A
26\0 2476 2.48 2/62
240 ./ 230 232 \. 242 |-250
; \ 71234 236~]T ), ;
] T N 4 N+ A
9191 STL /‘ ST{ 20 ), 226 S{I \ STI—/E}S
Ve
i T T T
o1a 310 312 216
FIG. 3B
264 264
/ \
1250
0101 STI HE1-220 N 000 AR Q7T | 212
244 {910

FIG 3C:



WO 2011/133247 PCT/US2011/026213
4/9 400
STI 2/20 T~212
o 7|
24— | 0| :__i_/u__-: o] e
234 =1 L A R = 236
N i
| |
o Lo O
4B o L 4B
| |
4. ol 1| 2L g A
00—~ |1 Y I B .
| |
| |
so—— 7 S il B S
[ ' ' [
260 1 ot || Tk 262
- | | —
Rl
L_1| C L
‘
222 STI
L—¢>4C
FIG. 4A
260 262
\ /
o || 410 T2 T | o
L3t 236~y 0 T
o1p—1 STI F A L0 g1 -212
/‘ LDD LDD \ 1210
[ |
214
FIG. 4B 216
264 264
/ \
1-250
2127 STI [EER-220 o 000 AP STT | -212
1-210

FIG. 4C



WO 2011/133247 PCT/US2011/026213

5/9
500
266 “\E@] STI [@ir 268 T~212
| I I |
| I I |
214— 0ol ii= 216
1 D\%TD B e B
224 — Lo L - 226
i ii=
230 )1 - i i ~:\_/?~232
2151 | e
58 | T 58
4. ol ! o %)
240 ——_| i | | i | 1242
AR ! ! v O
246 — ! ! —— 248
260 = ! | = 962
\_D : | 264 | i D-‘/
o 5| |
| |
- g
266 e sTi | O %68
> 5C
FIG. A
26\0 246 2‘48 2/62
28| [ =g 22§§§<~\' V| |22 200
STI] H | =S, s, 9 [+ 212
510 . N W A 1514
214 516 244 516 216 1912
FIG. 5B
264 264
/ \
1250
1212

Firx R



WO 2011/133247 PCT/US2011/026213

6/9
61§ ;18
1624 626~ 17830
TN 7 ;
614-T STI N 620 622 / | STIl-614
632 X 634 T—1-610
1
612
FIG. 6A
1-630
614-1 STI STI |-614
| \ — 1-610
3
612
FIG. 7A
640 6/24 62\6 642
7 640 642 .
S 7 ;
814-T STI N 620 622 / | STI1-614
[ 63 ! 634 T—1-610
]
612
FIG. 6B
614-1 STI STI | -614
I { [ 1-610
3
612

FIG. 7B



WO 2011/133247 PCT/US2011/026213

7/9
624 626 1-650
11-640 642~[T
N+ N\ / n+
614-T STL 620 600 (]| STL}-614
| / 632 634/ \\| 1-610
652 654 612
FIG. 6C
1650
614-T STI STI |-614
| \ | ,/610
\\
FIG. 7C 612
624 626 1-660
11-640 642~]T
N+ N\ / n+
5141 STI 520 600 [ 1 STIL-614
| / 632 634/ \\| 1-610
652 654 612
FIG. 6D
1-660
614-T STI X662 6642 STI |-614
[ . T 1-610
\\
612

FIG. 7D



WO 2011/133247

8/9

PCT/US2011/026213

6/76 67\8
624 626
7 — ~ 72
68 (T 1640 642~JF ) 3
N N / /4 n+
614-T STL 620 622 STI~614
C/ 632 674 634 ) T 610
! —
652 654 1o
FIG. 6E
614-T STI PP 662 6\7 ) 664-"2E] STT | -614
| \ | _/610
3
FIG. 7E 612
69\0 67'6 6|78 6/92
o | e Saeyll pe
T S Vi / n+
614/' STI 620 622 STI _/614
0/ 63 674 634/ T 610
/ —
652 654 612
FIG. 6F
694 694
/ \
1-680
614-T STI [P 662 6\7 . 664-12H STT | -614
| 1610
A\
612

FIG. 7F



WO 2011/133247

9/9

PCT/US2011/026213

624 626~ -
1620 622~} 614
I \\ \\ \\ | 1-610
| ] ]
810 812 612
FIG. 8
|_‘| ~910 912~ l‘_|
+~ 614
I \ | 1-610
3
612
FIG. 9
624 626~
1-620 622~} 1018
STI | | BHitd
1010 \ _/1014
) 1-1012
l
1016



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings

