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(57) Abstract: For an integrated circuit, described examples include an isolator structure (20) with parallel conductive elements
(28a/28b) forming a capacitor or inductive transformer, overlying a semiconductor structure including a well region (32w) of a first
conductivity type formed within an tank region (31t) of a second conductivity type. The tank region is surrounded by doped regions
o (32¢, 34) and a buried doped layer (36) of the first conductivity type, forming diodes in series to the substrate. The junction capacit-
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ances of the series diodes have the effect of reducing the parasitic capacitance at the isolator.
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DEVICE ISOLATOR WITH REDUCED PARASITIC CAPACITANCE
[0001] This relates generally to integrated circuits, and more particularly to isolator structures
in integrated circuits.
BACKGROUND
[0002] Some implementations of modern integrated circuits require the communication of
signals between integrated circuits that are not referenced to the same ground voltage, either (or
both) in the DC and AC sense. In those implementations, the direct coupling of input/output
terminals could result in a significant voltage differential between the respective ground levels.
In some applications, this ground voltage differential can be as high as hundreds or thousands of
volts, sufficient to damage the integrated circuits and cause system failure. Similarly, transient
high voltage spikes at one of the integrated circuits can couple via the connected input/output
terminals to other integrated circuits. For example, a typical voltage spike at a high voltage
motor can couple from a motor controller device at the motor to an integrated circuit at a human
interface device (e.g., keypad), such spikes can cause damage and, in the case of a human
interface device, can affect the human user.
[0003] Isolator structures are commonly implemented into integrated circuits intended for
these applications, with those structures deployed at the input/output terminals. These isolator
structures are typically in the form of capacitors or inductors. For the example of an isolator
constructed as a capacitor, the capacitor is inserted in series between the terminal or pad and the
internal circuit. The goal of these isolator structures 5 is to absorb the voltage differential
between ground levels (or the transient spike) with minimum attenuation of signal information.
[0004] FIG. 1a illustrates, in cross-section, the construction of a conventional isolator structure
in the form of high voltage capacitor 7 deployed in an integrated circuit. In this arrangement,
capacitor 7 is a parallel-plate capacitor in which upper plate 8a and lower plate 8b are formed in
separate metal levels. In this example, capacitor 7 is deployed directly at an external terminal
(e.g., an input) of the integrated circuit, as evident by wire bond 5 attached to the bond pad
(exposed through protective overcoat 9 and top dielectric layer 10h) that serves as exposed upper

plate 8a. In this conventional example, integrated circuit 4 is fabricated to have seven levels of
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metal conductors, with lower plate 8b formed in the second metal level and upper plate 8a
formed in the seventh (topmost) metal level. Accordingly, the intervening dielectric between
upper and lower plates 8a, 8b includes five layers 10c through 10g of interlevel dielectric
material (e.g, silicon dioxide). Two interlevel dielectric layers 10a, 10b underlie lower plate 8b,
separating it from substrate 11 and isolation dielectric structure 12. Each of interlevel dielectric
layers 10 serves to insulate adjacent levels of metallization in the vertical direction in the
cross-section of FIG. la. Accordingly, interlevel dielectric layers 10c through 10g between
upper and lower plates 8a, 8b are formed between the formation and patterned etch of each of the
intervening metal levels that form conductors elsewhere in the integrated circuit. The relatively
large cumulative thickness of interlevel dielectric layers 10c through 10g results in capacitor 7
being capable of withstanding and absorbing relatively high voltages.

[0005] In addition to capacitor 7 formed between upper and lower plates 8a, 8b, a parasitic
capacitor is defined by the structure shown in FIG. la. Specifically, parasitic parallel-plate
capacitor 7p is between lower plate 8a and substrate 11 disposed under lower plate 8b, with the
capacitor dielectric formed of interlevel dielectric layers 10a, 10b, and isolation oxide structure
12 beneath interlevel dielectric layer 10a. Isolation oxide structure 12 is a conventional
dielectric structure formed into substrate 11, typically with the purpose of isolating adjacent
transistors formed at the surface of substrate 11 from one another. Isolation oxide structure 12
may be formed by thermal oxidation (e.g., the well-known LOCOS process) or as shallow trench
isolation. Because the cumulative thickness of interlevel dielectric layers 10a, 10b, and isolation
oxide structure 12 can be substantially less than that of interlevel dielectric layers 10c through
10g, parasitic capacitor 7p can present a significantly larger capacitance than presented by high
voltage capacitor 7.

[0006] The electrical effect of parasitic capacitor 7p is illustrated in FIG. 1b. High voltage
capacitor 7 couples terminal 5 of the integrated circuit (i.e., wire bond 5 of FIG. 1a) to internal
node 13, which is typically coupled to the internal functional circuitry of the integrated circuit.
However, parasitic capacitor 7p also couples input 5 to a fixed voltage level, such as the
substrate voltage Vsub at substrate 11 of the integrated circuit (e.g., a ground level), which can
cause attenuation of the signal level received at input 5 from that reaching internal node 13. In
an example in which high voltage capacitor 7 has a cumulative dielectric thickness (i.e, of

interlevel dielectric layers 10c through 10g cumulatively) of 12.7 um between upper and lower
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plates 8a, 8b, and parasitic capacitor 7p has a cumulative dielectric thickness (i.e., interlevel
dielectric layers 10a and 10b and isolation dielectric structure 12 cumulatively) of 2.8 um
between lower plate 8b and substrate 11, parasitic capacitor 7p may present a capacitance more
than ten times greater than the capacitance of high voltage capacitor 7 (e.g.,, 400 fF vs. 30 fF).
Fundamental circuit analysis shows that parasitic capacitor 7p results in the signal level at
internal node 13 being only about 10 percent of the magnitude of that received at input 5.

[0007] Another conventional isolator structure is constructed similarly as capacitor 7 of FIG.
la, but includes a doped well underlying the bottom plate. With reference to the structure of
FIG. 1a, this structure would have such a doped well in place of isolation dielectric structure 12
(albeit at a shallower depth), with the doping of that well opposite to that of substrate 11 (e.g., an
n-well formed into p-type substrate 11).

[0008] In either of these conventional structures, conventional approaches to reducing the
capacitance of parasitic capacitor 7p have been problematic. For example, forming lower plate
8b in a higher level of metal would increase the dielectric thickness between lower plate 8b and
substrate 11, reducing its capacitance. However, this would also have the effect of reducing the
dielectric thickness between lower plate 8b and upper plate 8a, as the dielectric of capacitor 7
would be thinner (i.e, fewer interlevel dielectric layers 10 between the plates). This reduced
dielectric thickness would, in turn, reduce the high voltage isolation capability of capacitor 7.
Another approach would be to form both lower plate 8b and upper plate 8a in higher levels of
metal, to increase the dielectric thickness between lower plate 8b and substrate 11 while
maintaining the same dielectric thickness for capacitor 7. However, as evident from FIG. 1a,
upper plate 8a may already be constructed in the highest metal level in the integrated circuit;
accordingly, this approach could require increasing the number of metal conductor levels from
what it otherwise would be, which increases the manufacturing cost of the integrated circuit.
[0009] As mentioned above, integrated inductors are also used as isolator structures, such as in
the form of an isolating transformer. Conventional inductive isolator structures are similar to
that shown in FIG. 1a, except that, instead of a parallel plate structure, the two metal conductor
levels are patterned as a pair of overlying coils of sufficient length to define the desired
inductance and coupling to one another. However, a parasitic capacitance similar to that shown
as parasitic capacitor 7p would be presented between the lower coil and the underlying substrate.

This parasitic capacitor can similarly attenuate the signal magnitude communicated through the
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isolator structure, as discussed above.

SUMMARY

[0010] In described examples, an isolator structure is formed near a semiconducting surface of
a substrate, in a pair of patterned metal conductor elements overlying one another above the
surface, separated from one another by dielectric material and with the lower of the elements
separated from the surface by dielectric material. The lower element overlies a portion of the
substrate of a first conductivity type that is surrounded by doped portions of a second
conductivity type, and that overlies a buried doped portion of the second conductivity type. The
surrounding doped portions and the buried doped portion are physically in contact on another,
isolating the first conductivity type portion underlying the lower element.

[0011] In further examples, the doped portions are electrically connected to receive bias
voltages, so as to reverse bias the p-n junctions among the doped regions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. la is a cross-sectional view of a portion of a conventional isolator capacitor
structure.

[0013] FIG. 1b is an electrical diagram, in schematic form, of the equivalent circuit of the
conventional structure of FIG. 1a.

[0014] FIG. 2 is an electrical diagram, in block form, of an electronic system constructed
according to example embodiments.

[0015] FIG. 3a is a cross-sectional view of a portion of an isolator structure constructed
according to example embodiments.

[0016] FIG. 3b is a plan view of the isolator structure of FIG. 3a, as a capacitor.

[0017] FIG. 3c is an electrical diagram, in schematic form, of the equivalent circuit of the
isolator structure of FIGS. 3a and 3b.

[0018] FIG. 3d is a perspective view of the isolator structure of FIG. 3a, as an inductive
transformer.

[0019] FIG. 4 is a flow diagram illustrating a method of fabricating an isolator structure
according to example embodiments.

[0020] FIG. 5 is a cross-sectional view of a portion of an isolator structure constructed

according to another example embodiment.
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DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0021] The one or more embodiments described in this specification are implemented into
isolator structures in an integrated circuit, where such implementation is advantageous. Also,
these embodiments are beneficially applicable to other applications.

[0022] Example embodiments provide an isolator structure with reduced parasitic capacitance,
and which does not reduce high voltage isolation capability. Also, example embodiments
provide such an isolator structure that may be readily implemented without requiring additional
metal levels. Further, example embodiments provide a method of fabricating such an isolator
structure in existing manufacturing process flows. Moreover, example embodiments provide an
electronic system including an integrated circuit having such an isolator structure at an external
terminal connected to another integrated circuit.

[0023] Some electronic systems are implemented with separate integrated circuits that are not
referenced to the same ground voltage, but which must still communicate with one another.
Interconnection of these integrated circuits to one another, such as by connecting input/output
terminals to one another for the communication of signals, will also couple the voltage
differential between the respective ground levels. This ground voltage differential can be
sufficiently high as to damage the integrated circuits, cause system failure, and, in the case of
transient high voltage spikes, can be coupled further downstream, including to a human user.
Accordingly, isolator structures are commonly implemented into integrated circuits intended for
these applications, with those structures deployed at the input/output terminals.

[0024] FIG. 2 illustrates a portion of an electronic system including integrated circuits 14, 16
that are connected to one another. In this example, integrated circuit 14 serves as a transmitter of
signals to integrated circuit 16 (which is the receiver). In this example, integrated circuit 14
includes functional circuitry, such as pulse-width modulator 15a and linear function 15b, each of
which are coupled via respective output drivers 17a, 17b to output terminals 18. These output
terminals 18 of integrated circuit 14 are directly connected to input terminals of integrated circuit
16, at which isolator structures 20 are deployed according to these embodiments. While not
shown, similar isolator structures may be implemented at output terminals 18 of integrated
circuit 14. As evident from FIG. 2, isolator structures 20 communicate the received signals to
input amplifiers 21a, 21b, which in turn are coupled to CPU 22 in this example. In this example,

output drivers 17a, 17b of integrated circuit 14 are referenced to one ground level GND14, while
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input amplifiers 21a, 21b of integrated circuit 16 are referenced to a different ground level
GND16. As discussed hereinabove, these ground levels GND14, GND16 may be at significantly
different voltages from one another, relative to some external reference. Accordingly, that
difference will couple between integrated circuits 14, 16. According to these embodiments,
isolator structures 20 may be constructed as capacitors or inductive transformers that are
sufficient to absorb the differential between ground levels and also any transient voltage spikes
from integrated circuit 14, while minimizing attenuation of the communicated signal.

[0025] FIGS. 3a and 3b illustrate, in cross-section and plan views, respectively, the
construction of isolator structure 20 in integrated circuit 16 according to an embodiment. This
example will be described for the example in which isolator structure 20 is in the form of a
parallel-plate capacitor formed by upper plate 28a and lower plate 28b. Alternatively, isolator
structure 20 may be formed as an inductive transformer having a similar cross-section to that of
FIG. 3a, but differing in the shape of the parallel elements as will be discussed below. As shown
in FIG. 3a, wire bond 35 is attached to upper plate 28a; accordingly, upper plate 28a serves as a
bond pad, connected directly to an external terminal of integrated circuit 16, and is formed in an
upper if not topmost metal conductor level. Wire bond 35 extends through an opening etched in
protective overcoat 29 and interlevel dielectric layer 30h, in the conventional manner. Although
a ball bond is illustrated in FIG. 3a, external contact to upper plate 28a may be made according
to any one of a number of techniques, depending on the packaging technology, including stitch
bonding, beam lead contact and solder bumps.

[0026] Alternatively, isolator structure 20 may be indirectly coupled to the external terminal,
such as by either of upper and lower plates 28a, 28b being connected through an intermediate
conductor to the bond pad receiving bond wire 35. However, isolator structure 20 most
efficiently isolates integrated circuit 16 by its implementation directly at the bond pad or
otherwise directly in contact with the external terminal.

[0027] According to this embodiment, integrated circuit 16 is constructed with multiple metal
conductor levels, with upper plate 28a in the topmost or at least an upper one of those levels, as
mentioned above. Conversely, lower plate 28b is implemented in a lower metal conductor level,
such as the first or second metal level, as shown in FIG. 3a. Alternatively, lower plate 28b may
be formed of polycrystalline silicon, such as used to realize transistor gate elements. Polysilicon

levels are normally formed beneath all metal conductor levels, normally as the first conductive
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layer above the semiconductor surface of the substrate. In the example of FIG. 3a, in which
several metal conductor levels are used within integrated circuit 16, several interlevel dielectric
layers 30b through 30g vertically separate lower plate 28b from upper plate 28a. These
interlevel dielectric layers 30b through 30g constitute the capacitor dielectric of isolator structure
20 in this embodiment.

[0028] In this embodiment, lower plate 28a overlies n-type well 32w, separated therefrom by
interlevel dielectric layer 30a and any remaining gate dielectric (not shown). For complementary
metal-oxide-semiconductor (CMOS) integrated circuits, n-well region 32w is a typical n-doped
region formed into the surface of p-type substrate or a p-type epitaxial layer, as the case may be.
As shown in FIG. 3a, n-well region 32c is similarly disposed at the surface, separated from and
surrounding n-well 32w as evident in FIG. 3b. In this example, n-type well 32w is at the surface
of p-type tank region 31t, which is formed of p-type epitaxial single-crystal silicon. P-type tank
region 31t overlies n-type buried layer 36, which is formed within p-type substrate 31s. N-type
buried layer 36 vertically separates p-type substrate 31s from p-type tank region 31t. As evident
from FIG. 3a, n-type buried layer 36 laterally extends beyond the lateral dimensions of n-well
32w, and 1s in contact with n-type buried isolation region 34.

[0029] Buried isolation region 34 is disposed beneath but in contact over its length with n-well
region 32c. As mentioned above, n-well region 32¢ surrounds n-well 32w; similarly, buried
isolation region 34 surrounds n-well 32w, and is in contact over its length with n-type buried
layer 36 over its length. Accordingly, the combination of n-well region 32c¢, buried isolation
region 34, and n-type buried layer 36 surrounds and defines p-type tank region 31t as a p-type
region that is electrically isolated from p-type substrate 31s within the silicon structure (i.e., the
bulk). FIG. 3b illustrates that n-well region 32w extends on all sides of lower plate 28b, p-type
tank region 31t surrounds n-well region 32w, and n-well region 32¢ surrounds p-type tank region
31t.  As shown in FIGS. 3a and 3b, p-type substrate 31s extends to the surface of the
single-crystal silicon at locations outside of n-well region 32c, relative to lower plate 28b.

[0030] According to this embodiment, the metallurgical junction (i.e, p-n junction) between
n-well region 32w and p-type tank region 31t is electrically reflected in a diode, shown in FIG.
3a as diode D1. Similarly, the p-n junction between p-type tank region 31t and n-type buried
layer 36 (and buried isolation region 34 and n-type well region 32c, for that matter) establishes

diode D2, and the p-n junction between n-type buried layer 26 and p-type substrate 31s
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establishes D3. As described in further detail below, these p-n junctions (i.e, diodes) each
present a significant junction capacitance to the structure, and have the effect of reducing the
effective parasitic capacitance presented to isolator structure 20.

[0031] In this embodiment, metal conductors 40 are provided to apply bias voltages to at least
some of the doped regions of isolator structure 20, specifically to reverse bias the p-n junctions.
In the example shown in FIG. 3a, metal conductors 40w contact p+ doped regions 38s that are
disposed at one or more surface locations of substrate 31s. P+ doped regions 38s are more
heavily-doped regions formed into the surface, such as having dopant concentrations similar to
p-type source/drain regions in PMOS transistors formed elsewhere in integrated circuit 16, that
assist the forming of ohmic contact between overlying metal conductors 40s and substrate 31s.
These metal conductors 40w include both the metal lines running in one of the metal conductor
levels of integrated circuit 16 (the second level from the topmost in this case), metal lines
running into and out of the page in the view of FIG. 3a, and the conductive plugs formed in vias
through the various interlevel dielectric layers 30 between that metal conductor level and the
surface of p+ doped region 38s. Similarly, metal conductors 40c contact one or more of
surrounding n-well regions 32¢ (which may similarly have a more heavily-doped n-type portion
at the surface to provide ohmic contact, similarly to p+ doped regions 38s, depending on the
dopant concentration of n-well region 32c), including plugs extending to one of the metal
conductor levels and the metal line at that level. Similarly, metal conductor 40t contacts p+
doped regions 38t at one or more surface locations of tank region 31t, and metal conductors 40w
contacts (via heavily doped n-type contact regions, if desired) at one or more surface locations of
n-well region 32w.

[0032] FIG. 3¢ is an electrical schematic illustrating the equivalent circuit of isolator structure
20 of FIGS. 3a and 3b. As shown in FIG. 3¢, upper plate 28a and lower plate 28b form capacitor
27, with upper plate 28a shown as the node connected to bond wire 35 (and thus to an external
terminal of integrated circuit 16), and lower plate 28b as the node connected to one of input
amplifiers 21a, 21b (FIG. 2). Parasitic capacitor 27p is formed between lower plate 28b and
n-well region 32w.

[0033] The construction of isolator structure 20 according to this embodiment adds p-n
junctions and corresponding junction capacitances, to the structure below lower plate 28b. As

shown in the schematic of FIG. 3¢, the p-n junction between n-well region 32w and tank region
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31t presents diode D1 and its junction capacitance CD1. The p-n junction between tank region
31t and the combination of n-well region 32c¢, buried isolation regions 34, and n-type buried
layer 36 presents diode D2 and its junction capacitance CD2, and the p-n junction between
n-well regions 32c, buried isolation regions 34, and n-type buried layer 36, on one hand, and
p-type substrate 31s on the other hand, presents diode D3 and its junction capacitance CD3. The
capacitance values of these junction capacitances CD1, CD2, CD3 will depend on the dopant
concentrations of the contacting regions at the metallurgical junction, as well as the area of that
junction.

[0034] These junction capacitances CD1, CD2, CD3 are effectively in series with parasitic
capacitor 27p between capacitor 27 of isolator structure 20 and substrate 31s. Applying
fundamental circuit analysis to this structure, the effect of these series capacitances CD1, CD2,
CD3 is to reduce the parasitic capacitance at lower plate 28b from that which would be presented
by parasitic capacitor 27p alone, such as by on the order of 20% in one implementation.

[0035] As discussed hereinabove relative to FIG. 3a, conductors 40 allow the application of
bias voltages to the various regions of isolator structure 20, in particular bias voltages that
establish a reverse bias condition across each of the p-n junctions. Application of a reverse bias
voltage to a p-n junction increases the width of the space-charge region at the junction, and
thereby increases the effective junction capacitance presented by the junction. For example,
application of a voltage Vbias+ to n-well region 32w and n-type buried layer 36 (via regions 32c,
34), and a voltage Vbias- to tank region 31t and substrate 31s, where voltage Vbias+ is greater
than voltage Vbias-, will increase the capacitance values of junction capacitances CD1, CD2,
CD3. This increase in those series capacitances CD1, CD2, CD3, in the circuit arrangement of
FIG. 3¢, will further reduce the effective parasitic capacitance at lower plate 28b. For example,
application of bias voltage Vbias+ of about 1.8 volts (relative to bias voltage Vbias- at ground)
has been observed to reduce the overall parasitic capacitance by on the order of 25% from that of
the unbiased condition, or on the order of 40% overall. Bias voltages Vbias+, Vbias- are
optionally applied to isolator structure 20 in order to obtain significant reduction in the parasitic
capacitance presented by parasitic capacitor 27p. Also, the application of these bias voltages
Vbias+, Vbias- further reduces the effective parasitic capacitance.

[0036] As shown in the electrical schematic of FIG. 3¢, the bias voltages Vbias+, Vbias- are

applied to each instance of the respective conductors via a resistor 42. In this embodiment,
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resistors 42 are relatively large resistors, with resistances on the order of tens of thousands of
ohms (e.g, 30kQ)). These resistors 42 ensure that the voltage sources applying bias voltages
Vbias+, Vbias- do not establish a low impedance path that would effectively short circuit diodes
D1, D2, D3. Although not shown in FIGS. 3a, 3b, resistors 42 may be constructed in the
conventional manner for high value resistors, such as by lightly-doped polysilicon structures or
doped regions formed into the bulk.

[0037] As mentioned above, the isolator structure according to these embodiments may be
realized as an inductive transformer rather than as a capacitor as shown in FIGS. 3a and 3b.
According to one embodiment, as shown in a perspective view in FIG. 3d, an inductive
transformer implementation of isolator structure 20’ is constructed to include upper and lower
coils 28a’, 28b’ in different metal conductor levels, separated from one another by interlevel
dielectric layers 30 similarly as shown in FIG. 3a, but with each in the shape of a coil to form an
inductor. Because of its coil shape, upper coil 28a’ will normally be connected to a bond pad to
receive wire bond 35, rather than itself serve as the bond pad. The underlying structure of
isolator structure 20’ corresponds to that described above relative to the capacitive
implementation of FIGS. 3a through 3¢. And similarly, while parasitic capacitance 27p is also
presented in this isolator structure 20° between lower coil 28b” and n-well 32, the construction of
isolator structure 20’ in this manner to include series diodes D1 through D3 and the
corresponding junction capacitances CD1 through CD3 reduces the effect of that parasitic
capacitance, and thereby reduces the attenuation on the received signal.

[0038] While the above description refers to certain of the doped regions in isolator structure
20 as n-type and others as p-type, the structure may alternatively be constructed using doped
regions and a substrate of opposite conductivity types (i.e., the n-type and p-type regions shown
in FIG. 3a instead being p-type and n-type, respectively). In that alternative construction, the
relative polarity of the applied bias voltages Vbias+, Vbias- will be reversed, so as to maintain
reverse biased junctions by ensuring that the higher voltage is applied to n-type regions and the
lower voltage is applied to p-type regions.

[0039] The isolator structure, whether as a capacitor or as a an inductive transformer, may be
fabricated according to these embodiments using process flows already in place for modern
integrated circuits. In particular, such isolator structures may be implemented into a

conventional CMOS process flow using buried layers, merely by changes to photomasks, and
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without significant change to the manufacturing process. Accordingly, with reference to this
specification, a workable manufacturing process flow may be derived without undue
experimentation. For example, commonly assigned Patent Application Publication No. US
2010/0032769 A1, published February 11, 2010 and incorporated herein by this reference,
describes a fabrication process suitable for the construction of integrated circuits including
isolator structures according to the embodiments described above.

[0040] Referring to FIG. 4 (together with FIG. 3a), an example of a process of forming isolator
structure 20 in an integrated circuit according to an embodiment, generally following the
approach described in the above-incorporated Patent Application Publication, will be described.
According to this embodiment, the fabrication process begins with process 50, in which masked
ion implantation of n-type dopant is performed to selected locations of a p-type substrate to
define the location of n-type buried layer 36. As described in the above-incorporated Patent
Application Publication No. US 2010/0032769, implant process 50 may implant n-type dopants
such as antimony at a dose and energy sufficient to place the desired amount of dopant to a
desired depth within the substrate. In this embodiment, epitaxial silicon will be grown at the
surface; accordingly, process 50 may be performed by a conventional ion implantation at the
surface of the substrate. Process 50 may also include a high temperature anneal to diffuse the
implanted dopant to at least a partial extent in the substrate. Similarly, implant process 52
involves the masked ion implantation of n-type dopant, such as phosphorous and possibly
including arsenic, at locations of the surface of the substrate at which n-type buried isolation
region 34 is to be implanted. In this embodiment, as indicated in FIG. 3b, the locations
implanted in process 52 include a boundary region encircling the eventual location of the
capacitor or transformer to serve as the isolator element.

[0041] In process 54 according to this embodiment, epitaxial growth of silicon is then
performed, to grow a layer of p-type silicon at the surface of the p-type substrate. The thickness
of this epitaxial layer is intended to be sufficient to define tank region 31t of FIG. 3a above
n-type buried layer 36 and n-type buried isolation region 34. As described in the
above-incorporated Patent Application Publication No. US 2010/0032769, the temperature and
duration of epitaxy process 54 is sufficient to diffuse the dopant implanted in process 52 and to
further diffuse the dopant implanted in process 50, effectively forming the structures of n-type

buried layer 36 and n-type buried isolation region 34 as shown in FIG. 3a, with p-type epitaxial

11



WO 2016/164587 PCT/US2016/026447

silicon overlying those regions. This diffusion is also for causing n-type buried isolation region
34 to grow into and contact n-type buried layer 36, and thereby isolate p-type tank region 31t
from substrate 31s (which includes p-type epitaxial material overlying and in contact with the
original substrate).

[0042] In process 56, n-well regions 32w and 32c¢ are implanted at selected locations into the
surface of the structure, which is now the surface of the p-type epitaxial silicon formed in
process 54. In particular, the implant of process 56 implants n-type dopant (e.g., phosphorous,
arsenic) at a location within tank region 31t and underlying the eventual location of lower plate
28b, to form n-well region 32w, and at locations overlying n-type buried isolation region 34, to
form n-well region 32¢. For example, the dose and energy of this well implant is selected in the
conventional manner to form the well regions appropriate for p-channel MOS transistors
elsewhere in the integrated circuit. Process 56 also includes the appropriate high temperature
anneal for diffusing the implanted dopant to the desired depth and profile. For purposes of
isolator structure 20 of this embodiment, the dose, energy, and anneal conditions of process 56
are selected so that n-well region 32c¢ reach and contact the underlying n-type buried isolation
region 34, as shown in FIG. 3a.

[0043] In process 58, a dielectric layer is formed overall, such as by thermal oxidation of the
semiconductor surface or by deposition of the desired dielectric material. Normally, for
integrated circuits including MOS transistors, process 58 forms the gate dielectric film.
Following process 58, polycrystalline silicon is deposited in this embodiment, followed by
patterning and etching of the polysilicon to define the desired structures in the integrated circuit,
such as transistor gate structures. This polysilicon may be doped in situ during its deposition, or
alternatively may be implanted after deposition and etch. For the embodiment in which resistors
42 are incorporated into isolator structure 20, process 60 may form these resistors 42 in
polysilicon deposited and defined in this process 58, particularly with that polysilicon being
relatively lightly-doped (if at all) to have a high resistance and thereby efficiently implement a
high resistor value (e.g., 30k(2).

[0044] If desired, lower plate 28b may be formed in this polysilicon level, rather than in a
metal level. While this would increase the parasitic capacitance in conventional isolator
structures, such as that shown in FIG. 1a, when implemented according to this embodiment, the

series junction capacitances CD1, CD2, CD3 at the underlying p-n junctions serve to reduce that
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parasitic capacitance. In some implementations, this reduction in the parasitic capacitance may
allow the formation of lower plate 28b in polysilicon rather than in a higher metal level, thereby
improving the high voltage capability of the isolator or, in some cases, enable the reduction of
the number of metal levels required without affecting the high voltage tolerance.

[0045] In process 62, following the defining of polysilicon elements in MOS integrated
circuits, n-type and p-type source/drain regions are formed by ion implantation of the appropriate
dopant species, followed by high temperature anneal. In this embodiment p+ contact regions
38s, 38t (FIG. 3a) are also formed in this source/drain anneal process 62, as are corresponding n+
contact regions in n-well regions 32w, 32¢ if desired.

[0046] Conductor levels including those used to form lower plate 28b and upper plate 28a are
the formed by a sequence of processes 64, 66, 68. In process 64, an interlevel dielectric layer 30,
such as silicon dioxide or silicon nitride, is deposited by conventional processes to the desired
thickness. In process 66, contact openings (for metal to silicon contacts) or vias (for metal to
metal contacts) are patterned and etched. Deposition of contact plugs as appropriate to fill vias
opened in process 66, and deposition of a metal layer are then performed in process 68. Process
68 also includes the desired photolithographic patterning and metal etch to define the metal
conductors to be formed in this particular level of metal. As described above, at least one
version of this integrated circuit 16 is constructed with multiple metal conductor levels;
accordingly, processes 64, 66, 68 are repeated a number of times corresponding to the number of
metal levels to be formed. If not previously formed in polysilicon, as described above, lower
plate 28a may be formed in one of the lower metal levels formed in this sequence of processes,
64, 66, 68; upper plate 28a will be formed in a higher one of those metal levels, to attain the
desired high voltage capability of the isolator.

[0047] Following the formation and patterning of the topmost metal layer in the last instance
of process 68, process 70 is then performed to deposit a protective overcoat, such as silicon
nitride, overall. Process 70 also includes the patterned etch of openings through this protective
overcoat, such as that etched over upper plate 28a to allow contact by bond wire 35 as shown in
FIG. 3a. Such other “back end” processing as appropriate to complete, test, and package
integrated circuit 16 as desired for its system implementation such as shown in FIG. 2 may then
be carried out.

[0048] The above embodiments incorporate isolator structure 20 into integrated circuit 16 in
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such a manner that a single isolated tank (p-type tank region 31t in FIG. 3a) is formed.
However, additional reduction in the parasitic capacitor may be attained by forming the structure
so as to have multiple isolated tanks in series, essentially by forming multiple tank regions nested
within one another, so that additional series diodes and junction capacitances are present in the
structure. FIG. 5 illustrates an embodiment of such an isolator structure 20’, in which two such
nested tanks are implemented as will now be described.

[0049] Isolator structure 20’ of FIG. 5, according to this embodiment, includes many of the
same components as described above relative to isolator structure 20 of FIGS. 3a and 3b; those
common elements are indicated in FIG. 5 by the same reference numerals as used in connection
with FIGS. 3a and 3b. Accordingly, isolator structure 20’ is realized by a parallel-plate capacitor
formed by upper plate 28a and lower plate 28b formed in separate conductor levels, separated by
dielectric material in one or more interlevel dielectric layers 30b through 30g, which serve as the
capacitor dielectric. A wire bond (not shown) will be attached directly or indirectly to upper
plate 28a in the manner described above, such as through the opening in protective overcoat 29
and interlevel dielectric layer 30h shown in FIG. 5. As in the embodiment described above,
lower plate 28a of isolator structure 20 overlies n-type well 32w, with an interlevel dielectric
layer and perhaps a gate dielectric layer separating lower plate 28a from well 32w. P-type tank
region 31t underlies n-type well region 32w, isolated on all sides by n-type well region 32¢ and
n-type buried isolation region, and beneath by n-type buried layer 36. As described above
relative to FIG. 3a and as shown in FIG. 5, n-type buried layer 36 laterally extends beyond the
lateral dimensions of n-well 32w, and is in contact with n-type buried isolation region 34.

[0050] According to this embodiment, a second isolated p-type tank region 31t’ surrounds
n-well region 32c¢, buried isolation region 34, and n-type buried layer 36. This second p-type
tank region 31t is itself surrounded by the n-type material of second n-type buried layer 86,
buried isolation region 84, and another instance of n-well region 32c. Buried isolation region 84
extends deeper into the structure than buried isolation region 34, so as to contact the
correspondingly deeper second n-type buried layer 86 and fully isolate second p-type tank region
31t’ from p-type substrate 31s. P-type substrate 31s underlies deeper second n-type buried layer
86, and extends to the surface outside of n-type buried isolation region 84 and the second
instance of n-well region 32c.

[0051] If isolator structure 20 were viewed from above (i.e. similarly as the plan view of FIG.
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3b), the second p-type tank region 31t” would surround the inner n-well region 32w and would
itself be surrounded at the surface by the second, outer, n-well region 32c.

[0052] According to this embodiment, one additional p-n junction (diode D4 of FIG. 5) is
between second tank region 31t” and second n-type buried layer 86, and another p-n junction
(diode D5) is between second n-type buried layer 86 and underlying substrate 31s. These diodes
D4, DS are in series with diodes D1 through D3 defined by the structure of n-well 32w, first
p-type tank region 31t, and first n-type buried layer 36 (diode D3 at the p-n junction between
n-type buried layer 36 and second p-type tank region 31t’ in this case). As described above,
these additional p-n junctions establishing diodes D4 and D5 each present a significant junction
capacitance to the structure. These capacitances will be in series with the junction capacitances
associated with diodes D1 through D3, and in series with the parasitic capacitor between lower
plate 28b and n-well 32w. Accordingly, these additional p-n junctions provided by the additional
isolated p-tank region 31t” will further reduce the effective parasitic capacitance of isolator
structure 20°.

[0053] If desired, metal conductors 40 may also similarly make contact to the various doped
regions of isolator structure 20 to establish reverse bias conditions at each of the p-n junctions in
the structure. As discussed above, a reverse bias voltage applied to the p-n junctions establishing
diodes D1 through D5 will increase the junction capacitance at those locations, further reducing
the parasitic capacitance of isolator structure 20°. In the same manner as discussed above
relative to FIGS. 3a through 3d, this reverse bias condition can be applied to the junctions
established by n-type buried layer 86 through conductors 40t” at doped regions 38t within
second tank 32t’, additional conductors 40c at n-well region 32¢ (and at more heavily doped
n-type regions within those wells, if desired), and conductors 40s at p-type doped regions 38s
within surface portions of substrate 31s, as shown in FIG. 5. Conductors 40c and 40w will
receive a positive voltage (e.g., a bias voltage Vbias of + 1.8 volts) relative to the voltage (e.g., a
bias voltage Vbias— at ground level) applied to conductors 40t, 40t’, 40s. Also as discussed
above, resistors (not shown) are preferably are provided in series with these conductors 40 and
their respective voltage sources, to prevent short-circuiting of the junctions as the bias voltages
are applied. These reverse bias voltages are optional and not essential to obtain significant
reduction of the parasitic capacitance, but this bias further reduces the effective parasitic

capacitance by increasing the junction capacitance of diodes D1 through DS5.
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[0054] The additional n-type buried layer 86 and buried isolation regions 84 may be formed
into the structure by conventional processes, such as those described hereinabove relative to FIG.
4. For example, one approach to the fabrication of these regions would involve the repeating of
implant processes 50, 52 and epitaxy process 54 after a first instance of those processes, as
indicated by the dashed line from process 54 to process 50 as shown in FIG. 4. The two
instances of buried isolation region implant process 52 would, in this example, be performed at
the same locations so as to form the extended depth of buried isolation structure 84. Other
processes for forming these nested isolated tanks are possible.

[0055] According to these embodiments, an isolator structure has reduced effective parasitic
capacitance, yet without reducing high voltage isolation performance. This structure is suitable
for use either as a capacitive isolator or as an inductive isolator such as a transformer, and may
be efficiently fabricated using manufacturing processes such as may be otherwise used or
available for the integrated circuit into which the isolator structure is formed. According to some
of these embodiments, isolator structures can enable fabrication of a lower plate or coil element
in a lower conductor layer, including polysilicon levels, with tolerable parasitic capacitance as a
result of these isolator construction, which can enable improved high voltage isolation
performance.

[0056] Modifications are possible in the described embodiments, and other embodiments are

possible, within the scope of the claims.
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CLAIMS

What is claimed is:

1. An isolator structure in an integrated circuit formed at a semiconducting surface of a
substrate, comprising:

a first buried doped layer of a first conductivity type disposed within a substrate of a
second conductivity type, the first buried doped layer having an upper surface beneath the
surface;

a first tank region of the second conductivity type overlying a portion of the first buried
doped layer;

a first well region of the first conductivity type disposed at the surface of the substrate
and overlying a portion of the first tank region;

a first boundary doped region of the first conductivity type disposed at the surface and
laterally surrounding the first tank region, the first boundary doped region extending into the
surface and contacting the first buried doped layer;

a first conductor element disposed near the surface at a location overlying the first well
region, separated therefrom by dielectric material; and

a second conductor element disposed near the surface at a location overlying the first
conductor element, separated therefrom by dielectric material.

2. The structure of claim 1, wherein the first and second conductor elements each include a
capacitor plate.

3. The structure of claim 1, wherein the first and second conductor elements each include an
inductor coil.

4. The structure of claim 1, wherein an external terminal of the integrated circuit is
electrically connected to the second conductor element.

5. The structure of claim 1, further comprising:

a first doped region of the second conductivity type formed at a location of the surface
within the first tank region;

a second doped region of the second conductivity type formed at a location of the surface
of the substrate outside of the first boundary doped region relative to the first well region;

a first conductor element in electrical contact with the first doped region, for applying a

bias voltage to the tank region; and
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a second conductor element in electrical contact with the second doped region, for
applying a bias voltage to the substrate.
6. The structure of claim 5, further comprising:

a third conductor element, in electrical contact with the first well region for applying a
bias voltage to the first well region; and

a fourth conductor element, in electrical contact with the first boundary doped region, for
applying a bias voltage to the first boundary doped region.
7. The structure of claim 6, further comprising:

a plurality of resistors formed into the integrated circuit, each coupled in series with one
of the first, second, third, and fourth conductor elements.
8. The structure of claim 6, wherein: the first conductivity type is n-type and the second
conductivity type is p-type; and the bias voltage applied by the third and fourth conductor
elements to the first well region and the first boundary doped region is higher than the bias
voltage applied by the first and second conductor elements to the first tank region and the
substrate.
9. The structure of claim 1, wherein the first boundary doped region includes: a first buried
isolation doped region, formed into the substrate at a depth beneath the surface and contacting
the first buried doped layer; and a second well region disposed at the surface of the substrate, and
overlying and contacting the first buried isolation doped region.
10. The structure of claim 1, further comprising:

a second tank region of the second conductivity type underlying the first buried doped
layer and surrounding the first boundary doped region;

a second buried doped layer of the first conductivity type underlying the second tank
region; and

a second boundary doped region of the first conductivity type disposed at the surface and
laterally surrounding the second tank region, the second boundary doped region extending into
the surface and contacting the second buried doped layer.
11. A method of forming an integrated circuit including an isolator structure at a
semiconducting surface of a substrate, comprising:

forming a buried doped layer of a first conductivity type into the substrate, the substrate

having a second conductivity type;
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forming a buried isolation region of the first conductivity type into the substrate so as to
contact the buried doped layer;

forming a plurality of well regions of the first conductivity type at the surface of the
substrate, a first one of the well regions formed into a tank region of the second conductivity type
disposed above the buried doped layer and surrounded by the buried isolation region, and a
second one of the well regions overlying and in contact with the buried isolation region;

then forming a first dielectric layer over the surface;

forming a first conductor element overlying the first dielectric layer at a location
overlying the first well region,;

forming a second dielectric layer over the surface; and

forming a second conductor element overlying the second dielectric layer at a location
overlying the first conductor element.
12. The method of claim 11, wherein:

forming the first conductor element includes: depositing a first conductive layer over the
first dielectric layer; and patterning the first conductive layer to define a first capacitor plate at
the location overlying the first well region; and

forming the second conductor element includes: depositing a second conductive layer
over the second dielectric layer; and patterning the second conductive layer to define a second
capacitor plate at the location overlying the first capacitor plate.
13. The method of claim 11, wherein:

forming the first conductor element includes: depositing a first conductive layer over the
first dielectric layer; and patterning the first conductive layer to define a first inductor coil at the
location overlying the first well region; and

forming the second conductor element includes: depositing a second conductive layer
over the second dielectric layer; and patterning the second conductive layer to define a second
inductor coil at the location overlying the first capacitor plate.
14. The method of claim 11, further comprising:

forming a first and second contact regions of the second conductivity type at the surface,
the first contact region disposed at a location of the surface between the first and second well
regions and in contact with the tank region, and the second contact region disposed at a location

of the surface outside of the second well region relative to the tank region and in contact with the
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substrate.
15. The method of claim 14, further comprising:

forming a plurality of metal conductors overlying the surface, respective ones of the
plurality of metal conductors in ohmic contact with the first contact region, the second contact
region, the first well region, and the second well region.
16. The method of claim 15, further comprising:

forming a plurality of resistors near the surface, respective ones of the resistors in contact
with respective ones of the plurality of metal conductors.
17. The method of claim 15, wherein forming the buried doped layer and forming the buried
isolation region each include implanting dopant of the first conductivity type into the surface,
and further comprising:

after implanting dopant of the first conductivity type into the surface, epitaxially growing
silicon of the second conductivity type over the implanted regions to form the tank region
overlying the buried doped layer.
18. The method of claim 11, further comprising:

then forming a third dielectric layer overlying the second conductor element;

etching an opening in the third dielectric layer to expose a portion of the second
conductor element; and

contacting the exposed portion of the second conductor element with a conductor in
contact with an external terminal of the integrated circuit.
19. The method of claim 11, wherein:

forming a buried doped layer includes: forming first and second buried doped layers of
the first conductivity type into the substrate, the first buried doped layer underlying the second
doped layer and separated therefrom by semiconductor material of the second conductivity type;

forming a buried isolation region includes: forming a first buried isolation region of the
first conductivity type into the substrate so as to contact the first buried doped layer; and forming
a second buried isolation region of the first conductivity type into the substrate so as to contact
the second buried doped layer; wherein the second one of the well regions is overlying and in
contact with the first buried isolation region; and

forming a plurality of well regions also forms a third one of the well regions overlying

and in contact with the second buried isolation region.
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