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SILICON-ON-INSULATOR DEVICES HAVING CONTACT LAYER

CROSS-REFERENCE TO RELATED APPLICATION(S)
[0001] This application claims priority to U.S. Provisional Application
No. 62/160,392 filed May 12, 2015, entitled SILICON-ON-INSULATOR DEVICES
HAVING SUBSTRATE CONTACT LAYER, the disclosure of which is hereby

expressly incorporated by reference herein in its respective entirety.

BACKGROUND

Field

[0002] The present disclosure relates to field-effect transistor (FET)

devices such as silicon-on-insulator (SOI) devices.

Description of the Related Art

[0003] In electronics applications, field-effect transistors (FETs) can be
utilized as switches. Such switches can allow, for example, routing of radio-

frequency (RF) signals in wireless devices.

SUMMARY

[0004] In accordance with a number of implementations, the present
disclosure relates to a radio-frequency (RF) device that includes a field-effect
transistor (FET) implemented over a substrate layer, and an insulator layer
implemented between the FET and the substrate layer. The RF device further
includes a contact layer implemented between the insulator layer and the
substrate layer to allow adjustment of RF performance of the FET.

[0005] In some embodiments, the adjustment of the RF performance
includes a dynamic adjustment or a static adjustment.

[0006] In some embodiments, the RF device can be configured as an
RF switch with the FET providing ON and OFF functionalities of the RF switch.
The RF performance can include one or more of harmonic generation,
intermodulation distortion (IMD) (e.g., a second-order IMD (IMDZ2), a third-order
IMD (IMD3)), insertion loss, isolation, linearity, voltage breakdown characteristic,

noise figure, phase, and impedance.
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[0007] In some embodiments, the substrate layer can be a part of a
silicon-on-insulator (SOI) substrate. The substrate layer can be a silicon handle
layer. The substrate can be a handle layer that includes an electrically-insulating
material such as glass, borosilicon glass, fused quartz, sapphire, or silicon
carbide.

[0008] In some embodiments, the insulator layer can include a buried
oxide (BOX) layer. In some embodiments, the FET can be formed with an active
silicon layer of the SOI substrate.

[0009] In some embodiments, the RF device can further include one or
more conductive features implemented through the insulator layer and configured
to provide an electrical connection to the contact layer. The one or more
conductive features can include one or more conductive vias and/or one or more
conductive trenches. The one or more conductive features can be configured to
provide the electrical connection between the contact layer and a bias network
configured to provide a bias signal to the contact layer. The bias signal can
include a DC voltage. The bias network can include a resistance through which
the DC voltage is provided to the contact layer.

[0010] In some embodiments, the RF device can further include a
coupling circuit configured to couple the contact layer with one or more nodes
associated with a gate, a source, a drain and a body of the FET.

[0011] In some embodiments, the coupling circuit can include a
coupling path between the contact layer and the gate node. The coupling path
between the contact layer and the gate node can include a resistance. The
coupling path between the contact layer and the gate node can further include a
phase-shifting circuit in series with the resistance. The phase-shifting circuit can
include a capacitance. The coupling path between the contact layer and the gate
node can further include a diode in series with the resistance. The coupling path
between the contact layer and the gate node can further include a phase-shifting
circuit in parallel with the diode. The phase-shifting circuit can include a
capacitance.

[0012] In some embodiments, the coupling circuit can include a
coupling path between the contact layer and the body node. The coupling path
between the contact layer and the body node can include a phase-shifting circuit.

The coupling path between the contact layer and the body node can include a
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diode. The coupling path between the contact layer and the body node can
further include a phase-shifting circuit in parallel with the diode.

[0013] In some embodiments, the coupling circuit can include a
coupling path between the contact layer and the source node. The coupling path
between the contact layer and the source node can include a phase-shifting
circuit. The coupling path between the contact layer and the source node can
include a diode. The coupling path between the contact layer and the source
node can further include a phase-shifting circuit in parallel with the diode.

[0014] In some embodiments, the coupling circuit can include a
coupling path between the contact layer and the drain node. The coupling path
between the contact layer and the drain node can include a phase-shifting circuit.
The coupling path between the contact layer and the drain node can include a
diode. The coupling path between the contact layer and the drain node can
further include a phase-shifting circuit in parallel with the diode.

[0015] In some embodiments, the RF device can further include a bias
network configured to provide a bias voltage to the contact layer.

[0016] In some embodiments, the SOI substrate can be configured
such that the contact layer is in direct engagement with the insulator layer. In
some embodiments, the SOl substrate can include an interface layer
implemented between the substrate layer and an insulator layer. In some
embodiments, the interface layer can include a trap-rich layer.

[0017] In some embodiments, the SOI substrate can be configured
such that substrate layer includes a plurality of doped regions at or near a surface
under the insulator layer. The doped regions include amorphous and high
resistivity properties, or a crystalline property.

[0018] In some embodiments, the contact layer can be in direct contact
with the substrate layer.

[0019] The contact layer can be configured to provide a bias signal to
the substrate.

[0020] In some embodiments, the contact layer can be implemented
relative to the FET to provide a back-gate functionality for the FET. The contact
layer can be separated from the FET by a selected distance to provide the back-
gate functionality for the FET. The selected distance between the FET and the

contact layer can be achieved by a selected thickness of the insulator layer.
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[0021] In some embodiments, the contact layer can be configured to
assist in depletion of or increase in charge in an active channel of the FET.

[0022] In some embodiments, the contact layer can be implemented to
include an area that is generally below the FET. In some embodiments, the
contact layer can have a rectangular shape, with at least some portion
overlapping with a gate of the FET. In some embodiments, the contact layer can
have a non-rectangular shape selected to provide a desired overlap with one or
more portions of the FET.

[0023] In some embodiments, the contact layer can include one or
more openings. The one or more openings of the contact layer can be
dimensioned to, for example, accommodate corresponding doped regions of the
substrate layers.

[0024] In some embodiments, the RF device can be a switch device.

[0025] In some teachings, the present disclosure relates to a method
for fabricating a radio-frequency (RF) device. The method includes forming or
providing an assembly that includes a field-effect transistor (FET) over a first side
of an insulator layer. The method further includes forming a contact layer on a
second side of the insulator layer to allow adjustment of RF performance of the
FET.

[0026] In some embodiments, the method can further include attaching
a handle layer to the second side of the insulator layer such that the contact layer
is between the insulator layer and the handle layer. The handle layer can be a
replacement handle wafer layer.

[0027] In some embodiments, the insulator layer can be a part of a
silicon-on-insulator (SOI) substrate that includes the insulator layer between an
active silicon layer and a substrate layer, such that the FET is formed or provided
from the active silicon layer. In some embodiments, the method can further
include attaching an upper handle layer to the active silicon layer prior to the
forming of the contact layer. The method can further include removing the
substrate layer of the SOI substrate to at least partially expose a surface of the
insulator layer prior to the forming of the contact layer. The forming of the contact
layer can include forming the contact layer on the exposed surface of the
insulator layer. The method can further include attaching a lower handle layer to

the second side of the insulator layer such that the contact layer is between the
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insulator layer and the lower handle layer. The method can further include
forming an interface layer on the second side of the insulator layer prior to the
attaching of the lower handle layer. The method can further include removing the
upper handle layer from the active silicon layer.

[0028] In some embodiments, the method can further include forming
one or more conductive features through the insulator layer to provide an
electrical connection to the contact layer.

[0029] According to some implementations, the present disclosure
relates to a method for fabricating a silicon-on-insulator (SOI) device. The
method includes forming or providing an SOl wafer having an insulator layer
between a front side and a back side, and forming a conductive feature through
the insulator layer. The method further includes mounting a carrier on the front
side of the SOI wafer, and removing some or all of an original handle layer from
the back side of the SOI wafer to yield an exposed surface that includes an
exposed portion of the conductive feature. The method further includes forming a
contact layer on the exposed surface and in electrical contact with the exposed
portion of the conductive feature, and mounting a replacement handle layer over
the contact layer.

[0030] In some embodiments, the method can further include forming a
field-effect transistor (FET) over the insulator layer prior to the mounting of the
carrier. The method can further include forming an interface layer on the
exposed surface to facilitate the mounting of the replacement handle layer.

[0031] In some implementations, the present disclosure relates to a
silicon-on-insulator (SOI) device having a field-effect transistor (FET) and a back-
gate implemented between an insulator layer and a substrate layer.

[0032] In some embodiments, the back-gate can include a conductive
layer implemented on a back side of the insulator layer. In some embodiments,
the FET can be configured as a radio-frequency (RF) switch.

[0033] In a number of implementations, the present disclosure relates
to a radio-frequency (RF) switch device that includes a die having a substrate
layer and an insulator layer implemented over the substrate layer. The RF switch
device further includes an RF core implemented on the die, with the RF core
including a plurality of field-effect transistors (FETs) configured to provide

switching functionality. The RF switch device further includes an energy
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management (EM) core implemented on the die, with the EM core being
configured to facilitate the switching functionality of the RF core. The RF switch
device further includes a pattern of one or more conductive layers implemented
under the insulator layer. The pattern is implemented relative to a circuit element
associated with the RF switch device.

[0034] In some embodiments, the die can be a silicon-on-insulator
(SOI) die.

[0035] In a number of teachings, the present disclosure relates to a
method for fabricating a radio-frequency (RF) switch device. The method
includes providing or forming a die having a substrate layer and an insulator layer
implemented over the substrate layer. The method further includes implementing
an RF core on the die, with the RF core including a plurality of field-effect
transistors (FETs) configured to provide switching functionality. The method
further includes implementing an energy management (EM) core on the die, with
the EM core being configured to facilitate the switching functionality of the RF
core. The method further includes forming a pattern of one or more conductive
layers under the insulator layer, with the pattern being implemented relative to a
circuit element associated with the RF switch device.

[0036] In some embodiments, the die can be a silicon-on-insulator
(SOI) die.

[0037] In some implementations, the present disclosure relates to a
radio-frequency (RF) module that includes a packaging substrate configured to
receive a plurality of devices, and a switching device mounted on the packaging
substrate.  The switching device includes a field-effect transistor (FET)
implemented over an insulator layer, and a contact layer implemented under the
insulator layer to adjust RF performance of the FET.

[0038] In some embodiments, the insulator layer can be a part of a
silicon-on-insulator (SOI) substrate. The SOI substrate can include the insulator
layer between an active silicon layer and a substrate layer.

[0039] In some embodiments, the RF module can further include one or
more conductive features implemented through the insulator layer to provide an
electrical connection to the contact layer. In some embodiments, the contact
layer can be implemented at or near an interface between the insulator layer and

the substrate layer.
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[0040] In some embodiments, the RF module can be a switching
module.

[0041] According to some implementations, the present disclosure
relates to a radio-frequency (RF) switch module that includes a packaging
substrate configured to receive a plurality of devices, and a switch die mounted
on the packaging substrate. The switch die includes an insulator layer, and an
RF core having a plurality of field-effect transistors (FETs) implemented over the
insulator layer and configured to provide switching functionality. The switch die
further includes an energy management (EM) core configured to facilitate the
switching functionality of the RF core. The switch die further includes a pattern of
one or more conductive layers implemented under the insulator layer. The
pattern is implemented relative to a circuit element associated with the RF switch
device.

[0042] In some embodiments, the switch die can include a silicon-on-
insulator (SOI) substrate. In some embodiments, the switching functionality can
include an M-pole-N-throw (MPNT) functionality, each of the quantities M and N
being a positive integer. In some embodiments, the MPNT functionality can
include a single-pole-double-throw (SPDT) functionality, with the single pole
being configured as an antenna node, and each of the double throws being
configured as a node for a signal path capable of either or both of transmit (Tx)
and receive (Rx) operations. In some embodiments, the MPNT functionality can
include a double-pole-double-throw (DPDT) functionality, with each of the double
poles being configured as an antenna node, and each of the double throws being
configured as a node for a signal path capable of either or both of transmit (Tx)
and receive (Rx) operations.

[0043] According to a number of implementations, the present
disclosure relates to a wireless device that includes a transceiver configured to
process radio-frequency (RF) signals, and an RF module in communication with
the transceiver. The RF module includes a switching device having a field-effect
transistor (FET) implemented over an insulator layer. The switching device
further includes a contact layer implemented under the insulator layer to adjust
RF performance of the FET. The wireless device further includes an antenna in
communication with the RF module, with the antenna being configured to

facilitate transmitting and/or receiving of the RF signals.
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[0044] In some implementations, the present disclosure relates to a
wireless device that includes a transceiver configured to process radio-frequency
(RF) signals, and an RF module in communication with the transceiver. The RF
module includes a switch die having an insulator layer, and an RF core having a
plurality of field-effect transistors (FETs) implemented over the insulator layer and
configured to provide switching functionality. The switch die further includes an
energy management (EM) core configured to facilitate the switching functionality
of the RF core. The switch die further includes a pattern of one or more
conductive layers implemented under the insulator layer. The pattern is
implemented relative to a circuit element associated with the RF switch die. The
wireless device further includes an antenna in communication with the RF
module, with the antenna being configured to facilitate transmitting and/or
receiving of the RF signals.

[0045] For purposes of summarizing the disclosure, certain aspects,
advantages and novel features of the inventions have been described herein. It
is to be understood that not necessarily all such advantages may be achieved in
accordance with any particular embodiment of the invention. Thus, the invention
may be embodied or carried out in a manner that achieves or optimizes one
advantage or group of advantages as taught herein without necessarily achieving

other advantages as may be taught or suggested herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] Figure 1 shows an example of a field-effect transistor (FET)

device having an active FET implemented on a substrate, and a region below the
active FET configured to include one or more features to provide one or more
desirable operating functionalities for the active FET.

[0047] Figure 2 shows an example of a FET device having an active
FET implemented on a substrate, and a region above the active FET configured
to include one or more features to provide one or more desirable operating
functionalities for the active FET.

[0048] Figure 3 shows that in some embodiments, a FET device can
include both of the regions of Figures 1 and 2 relative an active FET.

[0049] Figure 4 shows an example FET device implemented as an

individual silicon-on-insulator (SOI) unit.
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[0050] Figure 5 shows that in some embodiments, a plurality of
individual SOI devices similar to the example SOI device of Figure 4 can be
implemented on a wafer.

[0051] Figure 6A shows an example wafer assembly having a first
wafer and a second wafer positioned over the first wafer.

[0052] Figure 6B shows an unassembled view of the first and second
wafers of the example of Figure 6A.

[0063] Figure 7 shows a terminal representation of an SOl FET having
nodes associated with a gate, a source, a drain, a body, and a substrate.

[0054] Figures 8A and 8B show side sectional and plan views,
respectively, of an example SOl FET device having a node for its substrate.

[0065] Figure 9 shows a side sectional view of an SOI substrate that
can be utilized to form an SOI FET device having an electrical connection for a
substrate layer.

[00566] Figure 10 shows a side sectional view of an SOl FET device
having an electrical connection for a substrate layer.

[00567] Figure 11 shows an example SOl FET device that is similar to
the example of Figure 10, but in which a trap-rich layer is substantially absent.

[0058] Figure 12 shows that in some embodiments, an electrical
connection to a substrate can be implemented without being coupled to other
portions of an active FET.

[0059] Figure 13 shows that in some embodiments, a handle wafer can
include a plurality of doped regions implemented to provide one or more
functionalities similar to a trap-rich interface layer in the example of Figure 10.

[0060] Figures 14A and 14B show side sectional and plan views of an
example SOI FET having a contact layer implemented underneath an insulator
layer such as a buried oxide (BOX) layer.

[0061] Figure 15 shows an example SOl FET device that is similar to
the example of Figure 11, but with a contact layer implemented underneath a
BOX layer.

[0062] Figure 16 shows an example SOl FET device that is similar to
the example of Figure 12, but with a contact layer implemented underneath a
BOX layer.
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[0063] Figure 17 shows an example SOl FET device that is similar to
the example of Figure 10, but with a contact layer implemented underneath a
BOX layer.

[0064] Figure 18 shows an example SOl FET device that is similar to
the example of Figure 13, but with a contact layer implemented underneath a
BOX layer.

[0065] Figure 19 shows another example SOl FET device that is similar
to the example of Figure 13, but with a perforated contact layer implemented
underneath a BOX layer.

[0066] Figure 20 shows a process that can be implemented to facilitate
fabrication of an SOl FET device having one or more features as described
herein.

[0067] Figure 21 shows examples of various stages of the fabrication
process of Figure 20.

[0068] Figures 22A and 22B show a process that can be implemented
to fabricate an SOI FET device having one or more features as described herein.

[0069] Figures 23A and 23B show examples of various stages of the
fabrication process of Figures 22A and 22B.

[0070] Figure 24 shows that in some embodiments, a contact layer
having one or more features as described herein can be implemented with, for
example, desired dimensions and/or separation from an active FET to provide
one or more functionalities.

[0071] Figures 25A and 25B show examples of how a contact layer
having one or more features as described herein can be dimensioned to provide
one or more desirable functionalities.

[0072] Figures 26A-26F show non-limiting examples of how contact
layers can be implemented relative to circuit elements.

[0073] Figure 27 shows an example of a contact layer that can be
implemented in the example SOI FET device of Figure 19.

[0074] Figure 28 shows that in some embodiments, an SOl FET device
can have its contact layer having one or more features as described herein

biased by, for example, a substrate bias network.
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[0075] Figure 29 shows an example of a radio-frequency (RF)
switching configuration having an RF core and an energy management (EM)
core.

[0076] Figure 30 shows an example of the RF core of Figure 29, in
which each of the switch arms includes a stack of FET devices.

[0077] Figure 31 shows an example of the biasing configuration of
Figure 28, implemented in a switch arm having a stack of FETs as described in
reference to Figure 30.

[0078] Figure 32 shows that a pattern of one or more conductive layers
can be implemented to be electrically connected to a bias circuit such as a
substrate bias circuit.

[0079] Figure 33 shows an example configuration in which a pattern of
one or more conductive layers can generally form a ring shaped perimeter
substantially around an entire die having an RF core and an EM core.

[0080] Figure 34 shows an example configuration in which a pattern of
one or more conductive layers can generally form a ring shaped distribution
implemented substantially around each of an RF core and an EM core of a
switching die.

[0081] Figure 35 shows an example configuration in which a pattern of
one or more conductive layers can generally form a ring shaped distribution
implemented substantially around an assembly of series arms and shunt arms.

[0082] Figure 36 shows an example configuration in which a pattern of
one or more conductive layers can generally form a ring shaped distribution
implemented substantially around each of series arms and shunt arms.

[0083] Figure 37 shows an example configuration in which a pattern of
one or more conductive layers can generally form a ring shaped distribution
implemented substantially around each FET in a given arm.

[0084] Figures 38A-38E show non-limiting examples of patterns of one
or more conductive layers that can be implemented around a circuit element.

[0085] Figures 39A and 39B show that in some embodiments, there
may be more than one pattern of one or more conductive layers implemented
relative a circuit element.

[0086] Figure 40 shows an example in which a conductive layer of an

SOI FET device can be electrically connected to a substrate bias network.
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[0087] Figure 41 shows another example in which a conductive layer of
an SOI FET device can be electrically connected to a substrate bias network.

[0088] Figure 42 shows an example in which a conductive layer of an
SOI FET device can be electrically connected to a gate node of the SOl FET
device.

[0089] Figure 43 shows an example in which a conductive layer of an
SOI FET device can be electrically connected to a gate node of the SOl FET
device through a phase-shift circuit.

[0090] Figure 44 shows an example in which a conductive layer of an
SOl FET device can be electrically connected to a gate node of the SOl FET
device through a phase-shift circuit, similar to the example of Figure 43, and in
which a substrate bias network can be configured to allow application of a DC
control voltage to the conductive layer.

[0091] Figure 45A shows an example that is similar to the example of
Figure 42, but with a diode D in series with a resistance R.

[0092] Figure 45B shows that in some embodiments, the polarity of the
diode D can be reversed from the example of Figure 45A.

[0093] Figure 46 shows an example that is similar to the example of
Figure 43, but with a diode D in parallel with a phase-shifting circuit.

[0094] Figure 47 shows an example that is similar to the example of
Figure 42, but with a diode D in series with a resistance R.

[0095] Figure 48 shows an example that is similar to the example of
Figure 46, but with biasing.

[0096] Figure 49 shows an SOI FET device having a conductive layer
as described herein.

[0097] Figures 50A-50D show examples of how a conductive layer of
an SOI FET device can be coupled to other nodes of the SOI FET device.

[0098] Figures 51A-51D show examples of how a conductive layer of
an SOI FET device can be coupled to other nodes of the SOI FET device through
a phase-shifting circuit.

[0099] Figures 52A-52D show examples that are similar to the
examples of Figures 50A-50D, and in which a bias signal can be applied to the

conductive layer.
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[0100] Figures 53A-53D show examples that are similar to the
examples of Figures 51A-51D, and in which a bias signal can be applied to the
conductive layer.

[0101] Figures 54A-54D show examples of how a conductive layer of
an SOI FET device can be coupled to other nodes of the SOI FET device through
a diode D.

[0102] Figures 55A-55D show examples of how a conductive layer of
an SOI FET device can be coupled to other nodes of the SOI FET device through
a diode D and a phase-shifting circuit.

[0103] Figures 56A-56D show examples that are similar to the
examples of Figures 54A-54D, and in which a bias signal can be applied to the
conductive layer.

[0104] Figures 57A-57D show examples that are similar to the
examples of Figures 55A-55D, and in which a bias signal can be applied to the
conductive layer.

[0105] Figure 58 shows a switch assembly implemented in a single-
pole-single-throw (SPST) configuration utilizing an SOl FET device.

[0106] Figure 59 shows that in some embodiments, the SOI FET
device of Figure 58 can include a conductive layer feature as described herein.

[0107] Figure 60 shows an example of how two SPST switches having
one or more features as described herein can be utilized to form a switch
assembly having a single-pole-double-throw (SPDT) configuration.

[0108] Figure 61 shows that the switch assembly of Figure 60 can be
utilized in an antenna switch configuration.

[0109] Figure 62 shows an example of how three SPST switches
having one or more features as described herein can be utilized to form a switch
assembly having a single-pole-triple-throw (SP3T) configuration.

[0110] Figure 63 shows that the switch assembly of Figure 62 can be
utilized in an antenna switch configuration.

[0111] Figure 64 shows an example of how four SPST switches having
one or more features as described herein can be utilized to form a switch
assembly having a double-pole-double-throw (DPDT) configuration.

[0112] Figure 65 shows that the switch assembly of Figure 64 can be

utilized in an antenna switch configuration.
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[0113] Figure 66 shows an example of how nine SPST switches having
one or more features as described herein can be utilized to form a switch
assembly having a 3-pole-3-throw (3P3T) configuration.

[0114] Figure 67 shows that the switch assembly of Figure 66 can be
utilized in an antenna switch configuration.

[0115] Figures 68A-68E show examples of how a DPDT switching
configuration such as the examples of Figures 64 and 65 can be operated to
provide different signal routing functionalities.

[0116] Figures 69A-69D depict non-limiting examples of switching
circuits and bias/coupling circuits as described herein can be implemented on
one or more semiconductor die.

[0117] Figures 70A and 70B show plan and side views, respectively, of
a packaged module having one or more features as described herein.

[0118] Figure 71 shows a schematic diagram of an example switching
configuration that can be implemented in the module of Figures 70A and 70B.

[0119] Figure 72 depicts an example wireless device having one or

more advantageous features described herein.

DETAILED DESCRIPTION OF SOME EMBODIMENTS

[0120] The headings provided herein, if any, are for convenience only

and do not necessarily affect the scope or meaning of the claimed invention.

Introduction

[0121] Disclosed herein are various examples of a field-effect transistor
(FET) device having one or more regions relative to an active FET portion
configured to provide a desired operating condition for the active FET. In such
various examples, terms such as FET device, active FET portion, and FET are
sometimes used interchangeably, with each other, or some combination thereof.
Accordingly, such interchangeable usage of terms should be understood in
appropriate contexts.

[0122] Figure 1 shows an example of a FET device 100 having an
active FET 101 implemented on a substrate 103. As described herein, such a

substrate can include one or more layers configured to facilitate, for example,
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operating functionality of the active FET, processing functionality for fabrication
and support of the active FET, etc. For example, if the FET device 100 is
implemented as a silicon-on-Insulator (SOI) device, the substrate 103 can include
an insulator layer such as a buried oxide (BOX) layer, an interface layer, and a
handle wafer layer.

[0123] Figure 1 further shows that in some embodiments, a region 105
below the active FET 101 can be configured to include one or more features to
provide one or more desirable operating functionalities for the active FET 101.
For the purpose of description, it will be understood that relative positions above
and below are in the example context of the active FET 101 being oriented above
the substrate 103 as shown. Accordingly, some or all of the region 105 can be
implemented within the substrate 103. Further, it will be understood that the
region 105 may or may not overlap with the active FET 101 when viewed from
above (e.g., in a plan view).

[0124] Figure 2 shows an example of a FET device 100 having an
active FET 101 implemented on a substrate 103. As described herein, such a
substrate can include one or more layers configured to facilitate, for example,
operating functionality of the active FET 100, processing functionality for
fabrication and support of the active FET 100, etc. For example, if the FET
device 100 is implemented as a silicon-on-Insulator (SOI) device, the substrate
103 can include an insulator layer such as a buried oxide (BOX) layer, an
interface layer, and a handle wafer layer.

[0125] In the example of Figure 2, the FET device 100 is shown to
further include an upper layer 107 implemented over the substrate 103. In some
embodiments, such an upper layer can include, for example, a plurality of layers
of metal routing features and dielectric layers to facilitate, for example,
connectivity functionality for the active FET 100.

[0126] Figure 2 further shows that in some embodiments, a region 109
above the active FET 101 can be configured to include one or more features to
provide one or more desirable operating functionalities for the active FET 101.
Accordingly, some or all of the region 109 can be implemented within the upper
layer 107. Further, it will be understood that the region 109 may or may not

overlap with the active FET 101 when viewed from above (e.g., in a plan view).
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[0127] Figure 3 shows an example of a FET device 100 having an
active FET 101 implemented on a substrate 103, and also having an upper layer
107. In some embodiments, the substrate 103 can include a region 105 similar to
the example of Figure 1, and the upper layer 107 can include a region 109 similar
to the example of Figure 2.

[0128] Examples related to some or all of the configurations of Figures
1-3 are described herein in greater detail.

[0129] In the examples of Figures 1-3, the FET devices 100 are
depicted as being individual units (e.g., as semiconductor die). Figures 4-6 show
that in some embodiments, a plurality of FET devices having one or more
features as described herein can be fabricated partially or fully in a wafer format,
and then be singulated to provide such individual units.

[0130] For example, Figure 4 shows an example FET device 100
implemented as an individual SOI unit. Such an individual SOl device can
include one or more active FETs 101 implemented over an insulator such as a
BOX layer 104 which is itself implemented over a handle layer such as a silicon
(Si) substrate handle wafer 106. In the example of Figure 4, the BOX layer 104
and the Si substrate handle wafer 106 can collectively form the substrate 103 of
the examples of Figures 1-3, with or without the corresponding region 105.

[0131] In the example of Figure 4, the individual SOI device 100 is
shown to further include an upper layer 107. In some embodiments, such an
upper layer can be the upper layer 103 of Figures 2 and 3, with or without the
corresponding region 109.

[0132] Figure 5 shows that in some embodiments, a plurality of
individual SOI devices similar to the example SOI device 100 of Figure 4 can be
implemented on a wafer 200. As shown, such a wafer can include a wafer
substrate 103 that includes a BOX layer 104 and a Si handle wafer layer 106 as
described in reference to Figure 4. As described herein, one or more active
FETs can be implemented over such a wafer substrate.

[0133] In the example of Figure 5, the SOI device 100 is shown without
the upper layer (107 in Figure 4). It will be understood that such a layer can be
formed over the wafer substrate 103, be part of a second wafer, or any

combination thereof.
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[0134] Figure 6A shows an example wafer assembly 204 having a first
wafer 200 and a second wafer 202 positioned over the first wafer 200. Figure 6B
shows an unassembled view of the first and second wafers 200, 202 of the
example of Figure 6A.

[0135] In some embodiments, the first wafer 200 can be similar to the
wafer 200 of Figure 5. Accordingly, the first wafer 200 can include a plurality of
SOl devices 100 such as the example of Figure 4. In some embodiments, the
second wafer 202 can be configured to provide, for example, a region (e.g., 109
in Figures 2 and 3) over a FET of each SOI device 100, and/or to provide
temporary or permanent handling wafer functionality for process steps involving
the first wafer 200.

Examples of SOI Implementation of FET Devices

[0136] Silicon-on-Insulator (SOI) process technology is utilized in many
radio-frequency (RF) circuits, including those involving high performance, low
loss, high linearity switches. In such RF switching circuits, performance
advantage typically results from building a transistor in silicon, which sits on an
insulator such as an insulating buried oxide (BOX). The BOX typically sits on a
handle wafer, typically silicon, but can be glass, borosilicon glass, fused quartz,
sapphire, silicon carbide, or any other electrically-insulating material.

[0137] Typically, an SOI transistor is viewed as a 4-terminal field-effect
transistor (FET) device with gate, drain, source, and body terminals. However,
an SOI FET can be represented as a 5-terminal device, with an addition of a
substrate node. Such a substrate node can be biased and/or be coupled one or
more other nodes of the transistor to, for example, improve both linearity and loss
performance of the transistor. Various examples related to such a substrate
node and biasing/coupling of the substrate node are described herein in greater
detail.

[0138] In some embodiments, such a substrate node can be
implemented with a contact layer having one or more features as described
herein to allow the contact layer to provide a desirable functionality for the SOI
FET. Although various examples are described in the context of RF switches, it
will be understood that one or more features of the present disclosure can also

be implemented in other applications involving FETs.
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[0139] Figure 7 shows a terminal representation of an SOl FET 100
having nodes associated with a gate, a source, a drain, a body, and a substrate.
It will be understood that in some embodiments, the source and the drain can be
reversed.

[0140] Figures 8A and 8B show side sectional and plan views of an
example SOI FET device 100 having a node for its substrate. Such a substrate
can be, for example, a silicon substrate associated with a handle wafer 106 as
described herein. Although described in the context of such a handle wafer, it will
be understood that the substrate does not necessarily need to have functionality
associated with a handle wafer.

[0141] An insulator layer such as a BOX layer 104 is shown to be
formed over the handle wafer 106, and a FET structure is shown to be formed
based on an active silicon device 102 over the BOX layer 104. In various
examples described herein, and as shown in Figures 8A and 8B, the FET
structure can be configured as an NPN or PNP device.

[0142] In the example of Figures 8A and 8B, terminals for the gate,
source, drain and body are shown to be configured and provided so as to allow
operation of the FET. A substrate terminal is shown to be electrically connected
to the substrate (e.g.,, handle wafer) 106 through an electrically conductive
feature 108 extending through the BOX layer 104. Such an electrically
conductive feature can include, for example, one or more conductive vias, one or
more conductive trenches, or any combination thereof. Various examples of how
such an electrically conductive feature can be implemented are described herein
in greater detail.

[0143] In some embodiments, a substrate connection can be
connected to ground to, for example, avoid an electrically floating condition
associated with the substrate. Such a substrate connection for grounding
typically includes a seal-ring implemented at an outermost perimeter of a given
die.

[0144] In some embodiments, a substrate connection such as the
example of Figures 8A and 8B can be utilized to bias the substrate 106, to couple
the substrate with one or more nodes of the corresponding FET (e.g., to provide
RF feedback), or any combination thereof. Such use of the substrate connection

can be configured to, for example, improve RF performance and/or reduce cost
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by eliminating or reducing expensive handle-wafer treatment processes and
layers. Such performance improvements can include, for example,
improvements in linearity, loss and/or capacitance performance.

[0145] In some embodiments, the foregoing biasing of the substrate
node can be, for example, selectively applied to achieve desired RF effects only
when needed or desired. For example, bias points for the substrate node can be
connected to envelope-tracking (ET) bias for power amplifier (PA) to achieve
distortion cancelation effects.

[0146] In some embodiments, a substrate connection for providing the
foregoing example functionalities can be implemented as a seal-ring
configuration similar to the grounding configuration, or other connection
configurations. Examples of such substrate connections are described herein in
greater detail.

[0147] Figure 9 shows a side sectional view of an SOI substrate 10 that
can be utilized to form an SOI FET device 100 of Figure 10 having an electrical
connection for a substrate layer 106 (e.g., Si handle layer). In Figure 9, an
insulator layer such as a BOX layer 104 is shown to be formed over the Si handle
layer 106. An active Si layer 12 is shown to be formed over the BOX layer 104.
It will be understood that in some embodiments, the foregoing SOI substrate 10
of Figure 9 can be implemented in a wafer format, and SOI FET devices having
one or more features as described herein can be formed based on such a wafer.

[0148] In Figure 10, an active Si device 102 is shown to be formed from
the active Si layer 12 of Figure 9. One or more electrically conductive features
108 such as vias are shown to be implemented through the BOX layer 104,
relative to the active Si device 102. In some embodiments, such conductive
features (108) can allow the Si handle layer 106 to be coupled to the active Si
device (e.g., a FET), be biased, or any combination thereof. Such coupling
and/or biasing can be facilitated by, for example, a metal stack 110. In some
embodiments, such a metal stack can allow the conductive features 108 to be
electrically connected to a terminal 112. In the example of Figure 10, one or
more passivation layers, one or more dielectric layers, or some combination
thereof (collectively indicated as 114) can be formed to cover some or all of such

a metal stack.
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[0149] In some embodiments, a trap-rich layer 14 can be implemented
between the BOX layer 104 and the Si handle layer 106. However, and as
described herein, the electrical connection to the Si handle layer 106 through the
conductive feature(s) 108 can eliminate or reduce the need for such a trap-rich
layer which is typically present to control charge at an interface between the BOX
layer 104 and the Si handle layer 106, and which can involve costly process
steps.

[0150] Aside from the foregoing example of eliminating or reducing the
need for a trap-rich layer, the electrical connection to the Si handle layer 106 can
provide a number of advantageous features. For example, the conductive
feature(s) 108 can allow forcing of excess charge at the BOX/Si handle interface
to thereby reduce unwanted harmonics. In another example, excess charge can
be removed through the conductive feature(s) 108 to thereby reduce the off-
capacitance (Coff) of the SOI FET. In yet another example, the presence of the
conductive feature(s) 108 can lower the threshold of the SOI FET to thereby
reduce the on-resistance (Ron) of the SOI FET.

[0151] Figure 11 shows an example FET device 100 that is similar to
the example of Figure 10, but in which a trap-rich layer (14 in Figure 10) is
substantially absent. Accordingly, in some embodiments, the BOX layer 104 and
the Si handle layer 106 can be in substantially direct engagement with each
other.

[0152] In the example of Figure 11, the conductive features (e.g., vias)
108 are depicted as extending through the BOX layer 104 and contacting the Si
handle layer 106 generally at the BOX/Si handle interface. It will be understood
that in some embodiments, such conductive features can extend deeper into the
Si handle layer 106.

[0153] In the examples of Figures 10 and 11, the conductive features
108 are depicted as being coupled to other electrical connections associated with
the active Si device 102. Figure 12 shows that in some embodiments, an
electrical connection to a substrate (e.g., Si handle layer 106) can be
implemented without being coupled to such other electrical connections
associated with the active Si device 102. For example, a conductive feature 108
such as a via is shown to extend through the BOX layer 104 so as to form a

contact with the Si handle layer 106. The upper portion of the through-BOX
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conductive feature 108 is shown to be electrically connected to a terminal 113
that is separate from a terminal 112.

[0154] In some embodiments, the electrical connection between the
separate terminal 113 and the Si handle layer 106 (through the conductive
feature 108) can be configured to allow, for example, separate biasing of a region
in the substrate (e.g., Si handle layer 106) to achieve a desired operating
functionality for the active Si device 102. Such an electrical connection between
the separate terminal 113 and the Si handle layer 106 is an example of a non-
grounding configuration utilizing one or more through-BOX conductive features
108.

[0165] In the examples of Figures 10-12, the through-BOX conductive
features (108) are depicted as either being coupled to electrical connections
associated with the active Si device 102, or as being separate from such
electrical connections. It will be understood that other configurations can also be
implemented. For example, one or more through-BOX conductive features (108)
can be coupled to one node of the active Si device 102 (e.g., source, drain or
gate), but not other node(s). Non-limiting examples of circuit representations of
such coupling (or non-coupling) between the substrate node and other nodes of
the active Si device are disclosed herein in greater detail.

[0156] In the example of Figure 10, the trap-rich layer 14 can be
implemented as an interface layer between the BOX layer 104 and the Si handle
layer 106, to provide one or more functionalities as described herein. In the
examples of Figures 11 and 12, such a trap-rich interface layer 14 can be omitted
as described herein.

[0157] Figure 13 shows that in some embodiments, a handle wafer 106
(e.g., Si handle layer) can include a plurality of doped regions 117 implemented
to provide one or more functionalities similar to a trap-rich interface layer (e.g., 14
in Figure 10). Such doped regions can be, for example, generally amorphous
and have relatively high resistivity when compared to other portions of the handle
wafer 106. In some embodiments, such doped regions can include crystalline
structure, amorphous structure, or any combination thereof.

[0158] In the example of Figure 13, two FETs 102 and islands 115 are
shown to be formed from an active Si layer 12 which is implemented over a BOX

layer 104. The BOX layer is shown to be implemented over the handle wafer 106
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having the doped regions 117. In some embodiments, such doped regions (117)
can be implemented to be laterally positioned generally under gaps between the
FETs 102 and/or the islands 115.

[0159] Figure 13 further shows that in some embodiments, the handle
wafer 106 having doped regions such as the foregoing doped regions 117 can be
biased as described herein through one or more conductive features 108 such as
vias. As described herein, such conductive features 108 can be coupled to other
portions of FET(s), to a separate terminal, or any combination thereof, so as to
provide biasing to the handle wafer substrate 106 to achieve one or more desired
operating functionalities for the FET(s).

[0160] In the example of Figure 13, a given conductive feature 108 can
interact with a FET 102 through the handle wafer 106. For example, the BOX
layer being interposed between the FET 102 and the handle wafer 106 can result
in a capacitance C therebetween. Further, a resistance R can exist between the
end of the conductive feature 108 and the BOX/handle wafer interface.
Accordingly, a series RC coupling can be provided between the conductive
feature 108 and the underside of the FET 102. Thus, providing a bias signal to
handle wafer 106 through the conductive feature 108 can provide a desirable
operating environment for the FET 102.

[0161] In the example of Figure 13, a given conductive feature 108 is
depicted as being laterally separated from the nearest FET 102 so as to include
at least one doped region 117 in the handle wafer 106. Accordingly, the resulting
resistive path (with resistance R) can be relatively long. Thus, the resistance R
can be a high resistance.

[0162] Referring to the examples of Figures 10-13, it is noted that in
some embodiments, a given conductive feature 108 can be implemented so as to
be laterally separated from the nearest FET 102 by a separation distance. Such
a separation distance can be, for example, at least 1 ym, 2 ym, 3 ym, 4 um, 5
MM, 6 um, 7 um, 8 um, 9 uym, or 10 ym. In some embodiments, the separation
distance can be in a range of 5 um to 10 um. For the purpose of description, it
will be understood that such a separation distance can be, for example, a
distance between the closest portions of the conductive feature 108 and the

corresponding FET 102 in the active Si layer (12).
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[0163] Described herein are, among others, examples related to SOI
FET devices having a contact layer. Figures 14A and 14B show side sectional
and plan views of an example SOI FET 100 having such a contact layer (260), in
the context of the example SOI FET 100 of Figures 8A and 8B. Examples of how
such a contact layer can be formed, as well as how such a contact layer can be
configured in different manners, are described herein in greater detail.

[0164] In some embodiments, a contact layer having one or more
features as described herein can be implemented on a side of a BOX layer
opposite from the side on which a FET is formed. In the context of the FET being
formed on the front or upper side of such a BOX layer, the contact layer can be
implemented on the back or lower side of the BOX. Accordingly, relational terms
“back,” “backside,” “lower,” “lower side,” etc. referring to position of a contact
layer will be understood in the foregoing context.

[0165] It will also be understood that a contact layer having one or
more features as described herein can also be referred to as a conductive
contact layer, a substrate contact layer, a conductive layer, or some combination
thereof. In some embodiments, such a contact layer can be implemented to be
between a BOX layer and a substrate contact layer. In some embodiments, such
a contact layer can be implemented on the backside of a BOX layer without a
substrate layer. Accordingly, it will be understood that the foregoing examples of
interchangeable terms for the contact layer (including the substrate contact layer)
can refer to implementations with or without a substrate layer.

[0166] In the example of Figure 14, the contact layer 260 is depicted as
being in electrical contact with the conductive feature 108. Such a conductive
feature (108) can allow the contact layer 260 to be in electrical contact with, for
example, a substrate node. As described herein, such a substrate node can be
electrically connected to a bias circuit and/or be coupled to one or more portions
of the FET. Although various examples are described herein in the context of the
contact layer 260 being electrically connected through one or more through-BOX
conductive feature (such as the conductive feature 108 of Figure 14), it will be
understood that a contact layer (such as the contact layer 260 of Figure 14) can
be electrically connected in other configurations so as to provide an electrical

connection to a bias circuit and/or one or more portions of a corresponding FET.
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[0167] Figure 15 shows that in some embodiments, a contact layer 260
having one or more features as described herein can be implemented in an FET
device 100 that is similar to the example of Figure 11 (e.g., in which a trap-rich
layer (14 in Figure 10) is substantially absent).  Accordingly, in some
embodiments, the contact layer 260 can be in substantially direct contact with the
BOX layer 104 on one side, and in substantially direct contact with the Si handle
layer 106 on the other side.

[0168] In the example of Figure 15, the conductive features (e.g., vias)
108 are depicted as extending through the BOX layer 104 and contacting the
contact layer 260. As described herein, such conductive features can be coupled
to other electrical connections associated with the active Si device 102.

[0169] Figure 16 shows that in some embodiments, an electrical
connection to a contact layer 260 can be implemented without being coupled to
such other electrical connections associated with the active Si device 102. For
example, a conductive feature 108 (such as a via) is shown to extend through the
BOX layer 104 so as to form a contact with the contact layer 260. The upper
portion of the through-BOX conductive feature 108 is shown to be electrically
connected to a terminal 113 that is separate from a terminal 112.

[0170] In some embodiments, the electrical connection between the
separate terminal 113 and the contact layer 260 (through the conductive feature
108) can be configured to allow, for example, separate biasing or controlling of a
region underneath the active Si device 102 to achieve a desired operating
functionality for the active Si device 102. Examples related to such operating
functionality are described herein in greater detail.

[0171] In the examples of Figures 15 and 16, the through-BOX
conductive features (108) are depicted as either being coupled to electrical
connections associated with the active Si device 102, or as being separate from
such electrical connections. It will be understood that other configurations can
also be implemented. For example, one or more through-BOX conductive
features (108) can be coupled to one node of the active Si device 102 (e.g.,
source, drain or gate), but not other node(s). Non-limiting examples of circuit
representations of such coupling (or non-coupling) between a node associated
with the contact layer 260 and other nodes of the active Si device are disclosed

herein in greater detail.
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[0172] Figure 17 shows that in some embodiments, a contact layer 260
having one or more features as described herein can be implemented in an FET
device 100 that is similar to the example of Figure 10 (e.g., in which a trap-rich
layer 14 is present). In the example of Figure 17, the contact layer 260 can be
implemented to be between the trap-rich layer 14 and the BOX layer 104.

[0173] In the example of Figure 17, the contact layer 260 is shown to
be coupled to one or more portions of the active Si device 102 (e.g., through one
or more through-BOX conductive features 108). It will be understood that in
some embodiments, the contact layer of Figure 17 can be coupled to a separate
terminal such as the separate terminal 113 of Figure 16.

[0174] Figures 18 and 19 show that in some embodiments, a contact
layer 260 having one or more features as described herein can be implemented
in an FET device 100 that is similar to the example of Figure 13 (e.g., in which a
plurality of doped regions 117 are present). In the example of Figure 18, the
contact layer 260 can be implemented to be substantially between the plurality of
doped regions 117 and the BOX layer 104. In the example of Figure 19, the
contact layer 260 can be configured to allow the plurality of doped regions 117 to
be substantially in contact with the BOX layer 104. In some embodiments, such
a configuration can be achieved by, for example, the contact layer 260 having a
plurality of openings to allow the corresponding doped regions 117 to be in
contact with the BOX layer 104. An example of such a perforated configuration
of the contact layer 260 is described herein in greater detail.

[0175] In the examples of Figures 18 and 19, the contact layer 260 can
be coupled to one or more portions of an active device 102, be coupled to a
separate terminal, or be configured in some combination thereof, similar to the

examples of Figures 15 and 16.

Examples Related to Fabrication of SOl FET Devices
[0176] Figures 20 and 22 show processes 130 and 200 that can be

implemented to fabricate an SOl device having one or more features as

described herein. Figures 21 and 23 show examples of various stages of the
fabrication processes of Figures 20 and 22. In some embodiments, some or all
of the various process steps can be implemented utilizing wafer processing

technologies.
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[0177] In some embodiments, fabrication of an SOI device having one
or more features as described herein can include fabrication of a wafer having an
electrical connection formed between a contact layer and a terminal. An example
of a wafer that can be utilized to achieve such a connection between the contact
layer and the terminal is shown in Figure 21 as 146, and examples of process
steps in Figure 20 can be implemented to achieve such a wafer configuration.

[0178] In block 132 of Figure 20, an SOI substrate can be formed or
provided. In state 140 of Figure 21, such an SOI substrate can include an Si
substrate 106 such as an Si handle wafer, an oxide layer 104 over the Si
substrate 106, and an active Si layer 12 over the oxide layer 104. Such an SOI
substrate may or may not have a trap-rich layer (e.g., 14 in Figures 9 and 10)
between the oxide layer 104 and the Si substrate 106. Similarly, such an SOI
substrate may or may not have doped regions (e.g., 117 in Figure 13) in the Si
substrate 106.

[0179] In block 134 of Figure 20, one or more FETs can be formed with
the active Si layer. In state 142 of Figure 21, such a FET is depicted as 150.

[0180] In block 136 of Figure 20, one or more conductive features such
as vias can be formed through the oxide layer, to the Si substrate, and relative to
the FET(s). In state 144 of Figure 21, such a conductive via is depicted as 108.
As described herein, such an electrical connection through the oxide layer 104 to
the Si substrate 106 can also be implemented utilizing other conductive features
such as one or more conductive trenches.

[0181] In the example of Figures 20 and 21, it will be understood that
blocks 134 and 136 may or may not be performed in the example sequence
shown. In some embodiments, conductive feature(s) such as a deep trench can
be formed and filled with poly prior to the formation of the FET(s). In some
embodiments, such conductive feature(s) can be formed (e.g., cut and filled with
a metal such as tungsten (W) after the formation of the FET(s). It will be
understood that other variations in sequences associated with the example of
Figures 20 and 21 can also be implemented.

[0182] In block 138 of Figure 20, electrical connections can be formed
for the conductive vias and the FET(s). In state 146 of Figure 21, such electrical
connections are depicted as a metallization stack collectively indicated as 110.

Such a metal stack can electrically connect the FET(s) 150 and the conductive
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vias 108 to one or more terminals 112. In the example state 146 of Figure 21, a
passivation layer 114 is shown to be formed to cover some or all of the
metallization stack 110.

[0183] Referring to Figures 22 and 23, process 200 can be a
continuation of the process 130 associated with Figures 20 and 21 (e.g., both
processes implemented at one fabrication facility), a separate process that
utilizes as an input a wafer (e.g., configuration 146 in Figure 21) resulting from
the process 130 (e.g., two processes implemented at different fabrication
facilities), or any combination thereof. Accordingly, in block 202 of the process
200 of Figure 22A, an SOl wafer having an electrical connection for a substrate
layer can be formed or provided. In Figure 23A, state 146 can be similar to state
146 of Figure 21.

[0184] In block 204 of Figure 22A, a carrier layer can be formed or
attached on the front side of the SOI wafer. For the purpose of description, the
front side of the SOI wafer can include the side opposite from the substrate layer.
In state 250 of Figure 23A, such a carrier layer is depicted as 252. As described
herein, such a carrier layer on the front side of the SOl wafer can allow
fabrication steps to be performed on the back side to facilitate formation of a
contact layer.

[0185] In some embodiments, the carrier layer can be a temporarily
attached layer, or a permanently attached layer. In some embodiments, the
carrier layer can be any material suitable for being attached (temporarily or
permanently) to one side of a wafer so as to allow one or more process steps to
be performed on the other side of the wafer. Such a carrier layer can include, for
example, another wafer, silicon, glass, quartz, silicon carbide, sapphire, etc.
Such a carrier layer can be attached to the front side of the SOl wafer utilizing, for
example, a spun-on adhesive.

[0186] In block 206 of Figure 22A, some or all of the substrate layer
can be removed from the back side of the SOI wafer. In Figure 23A, such a
substrate layer is depicted as 106 in state 250. In state 254, such a substrate
layer is shown to be removed so as to expose a surface 256.

[0187] In some embodiments, the substrate layer can be removed
sufficiently to expose the conductive feature(s) 108 such as conductive via(s). In

some embodiments, such removal of the substrate layer may or may not expose
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the oxide layer 104. Such removal of the substrate layer can be achieved by, for
example, grinding, chemical mechanical polishing (CMP), selective etching using
an appropriate chemistry, or some combination thereof.

[0188] In block 208 of Figure 22A, a contact layer can be formed on the
surface resulting from the removal of the substrate layer. In state 258 of Figure
23A, such a contact layer is depicted as 260 formed on the exposed surface 256.

[0189] As described herein, such a contact layer can be formed so as
to be in electrical contact with the conductive feature(s) 108. In some
embodiments, the contact layer 260 can include one or more layers that can be,
for example, patterned, deposited, implanted, and/or formed by surface treatment
on the exposed surface 256 of the oxide layer 104. Such a contact layer on the
oxide layer 104 can have, for example, conductive, resistive, dielectric, inductive,
rectifying, semi-insulating, semiconducting, trap and/or hole type properties.

[0190] In block 210 of Figure 22B, an interface layer can be formed
over the contact layer. In state 262 of Figure 23B, such an interface layer is
depicted as 264 formed so as to substantially cover the contact layer 260 and the
surface 256. In some embodiments, such an interface layer (264) can be
configured to facilitate attachment of a replacement substrate layer.

[0191] In block 212 of Figure 22B, a replacement substrate layer can
be formed on or attached to the interface layer. In state 266 of Figure 23B, such
a replacement substrate layer is depicted as 268.

[0192] In some embodiments, the substrate layer 268 can be a wafer,
and such a wafer can be wafer-bonded to the oxide layer 104 of the SOI wafer,
with or without the interface layer 104. Such wafer-bonding can be achieved by
one or more wafer-bonding techniques. In some embodiments, the replacement
substrate wafer can include, for example, silicon, glass, quartz, sapphire, silicon
carbide, and/or gallium arsenide. Other materials can also be utilized for the
replacement substrate wafer.

[0193] In block 214 of Figure 22B, the carrier layer can be removed
from the SOI wafer’s front side. In state 270 of Figure 23B, the front side of the
SOl wafer is shown to have the carrier layer removed so as to substantially
expose the terminals 112. Such removal of the carrier layer from the front side of
the SOI wafer can be facilitated by the replacement substrate layer 268 now

providing, among others, handle layer functionality.
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[0194] In the example state 270 of Figure 23B, it is assumed that the
carrier layer about the terminal 112 was a temporary layer. Such a temporary
layer can be removed substantially completely from the front side of the SOI
wafer. In some embodiments, at least some of the carrier layer can remain on
the front side of the SOI wafer. In some embodiments, the front side of the SOI
wafer can be further processed.

[0195] In the fabrication example described in reference to Figures 22
and 23, layer transfer techniques are utilized. However, it will be understood that
use of other process techniques can be utilized to form a contact layer on or near
the back side surface of an oxide layer of an SOI device.

[0196] In some embodiments, a contact layer as described herein can
be utilized to, for example, provide bias for the substrate of an SOI device. In
some embodiments, a contact layer as described herein can also be utilized for
other applications. For example, Figure 24 shows that a contact layer 260 can be
configured to be utilized as a back-gate to a transistor. Such a back-gate can
provide one or more functionalities such as assisting in depleting or increasing
charge in the active channel of an SOl FET 100. In some embodiments, the
contact layer 260 can be dimensioned appropriately (e.g., depicted as dimension
280) to provide such back-gate functionality. In some embodiments, the contact
layer 260 can be separated from the active channel of an SOl FET 100 by a
desired distance 282 to provide a desired functionality such as the back-gate
functionality. In some embodiments, such a separation distance (282) can be
achieved by, for example, a selected thickness of the BOX layer 104. In some
embodiments, both of the dimension 280 and the separation distance 282 can be
selected appropriately to achieve one or more functionalities for the FET.

[0197] Figures 25A and 25B show additional examples of how a
contact layer 260 having one or more features as described herein can be
dimensioned to provide one or more desirable functionalities. In the example of
Figure 25A, the contact layer 260 is depicted as having a rectangular footprint
shape dimensioned to be in electrical contact with a conductive feature 108, and
to provide at least some overlap with a gate region associated with a FET 102.

[0198] Figure 25B shows that in some embodiments, a footprint shape
of a contact layer can be selected to facilitate one or more functionalities. For

example, suppose that an additional overlap is desired between a substrate
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contact layer and a gate region of the FET 102 (e.g., compared to the example of
Figure 25A). To achieve such an increased overlap, a contact layer 260 can
include an extended area 290 (e.g., depicted as additional areas above and
below the original rectangular shape of the contact layer 260) to accommodate
such an additional overlap.

[0199] In some embodiments, other design parameters associated with
a contact layer can be implemented to achieve one or more desired
functionalities. For example, design parameters such as contact layer
material(s), thickness of the oxide layer, and/or the biasing networks can be
configured appropriately for devices such as MOSFET devices to lower
resistance, improve linearity performance, lower threshold voltage, increase
breakdown voltage, and/or improve isolation performance of the transistor.

[0200] In the various examples described in reference to Figures 14, 24
and 25, the contact layer 260 is depicted as being located generally under a
circuit element such as a FET. However, it will be understood that a contact layer
having one or more features as described herein can also be implemented in
other configurations. For example, different patterns of electrical connections can
be implemented for substrates. In some embodiments, contact layers can be
configured to facilitate such patterns of electrical connections for substrates; and
such patterns may or may not be under circuit elements.

[0201] Figures 26A-26F show non-limiting examples of how contact
layers having one or more features as described herein can be implemented
relative to circuit elements. In each of the examples, a contact layer 260 is
shown to be electrically connected through one or more conductive vias 108;
however, it will be understood that such electrical connections can also be
implemented by other conductive features such as trenches.

[0202] Figure 26A shows an example where a contact layer 260 can be
located generally below a circuit element 300. Such a configuration can
represent, for example, the examples described herein in reference to Figures
14, 24 and 25.

[0203] Figure 26B shows an example where a contact layer 260 can be
a strip that forms a perimeter around a circuit element 300. In some

embodiments, such a configuration can be implemented with, for example, an
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example pattern of conductive vias that generally surround the circuit element
300.

[0204] Figures 26C and 26D show examples where contact layers 260
can be strips that form partial perimeters about their respective circuit elements
300. For example, Figure 26C shows a U-shape configuration, and Figure 26D
shows an L-shaped configuration. In some embodiments, such configurations
can be implemented with, for example, example patterns of conductive vias that
partially surround the circuit element 300.

[0205] Figure 26E shows an example where a contact layer 260 can be
a strip that forms a segment at or near a side of a circuit element 300. In some
embodiments, such a configuration can be implemented with, for example, an
example pattern of conductive vias that form a segment at or near a side of the
circuit element 300.

[0206] Figure 26F shows an example where a contact layer 260 can
have a relatively small pad shape that is not necessarily a strip. Such a
configuration can be utilized in applications where relatively discrete contact layer
is desired. In some embodiments, such a configuration can be implemented with,
for example, an example pattern of one or more conductive vias grouped in a
discrete manner.

[0207] It will be understood that contact layers having one or more
features as described herein can also be configured in other ways. For example,
there may be more than one contact layers for a given circuit element.

[0208] Figure 27 shows that in some embodiments, a contact layer 260
can include one or more openings. Such a configuration can, for example,
accommodate features or regions formed on a handle wafer layer (e.g., Si handle
wafer). For example, and in the context of the example configuration of Figure 19
(in which a plurality of doped regions 117 are provided on the handle wafer 106,
the contact layer 260 of Figure 19 can include a plurality of openings as shown in
Figure 27 to accommodate such doped regions.

[0209] In the example of Figure 27, such openings in the contact layer
260 are shown to substantially expose the corresponding doped regions. In
some embodiments, such openings can also be dimensioned to partially expose

corresponding doped regions.
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[0210] In the example of Figure 27, the contact layer 260 can be
electrically connected to one or more portions of an FET and/or a terminal
through, for example, one or more conductive vias 108. It will be understood that
other numbers and/or other arrangements of conductive vias can be

implemented.

Examples Related to Biasing and/or Coupling of SOI FET Devices

[0211] Figure 28 shows that in some embodiments, an SOl FET device
100 having one or more features as described herein can have its contact layer
biased by, for example, a substrate bias network 152. Various examples related
to such a substrate bias network are described herein in greater detail.

[0212] In the example of Figure 28, other nodes such as the gate and
the body of the SOI FET device 100 can also be biased by their respective
networks. Among others, examples related to such gate and body bias networks
can be found in PCT Publication No. WO 2014/011510 entitled CIRCUITS,
DEVICES, METHODS AND COMBINATIONS RELATED TO SILICON-ON-
INSULATOR BASED RADIO-FREQUENCY SWITCHES, the disclosure of which
is hereby expressly incorporated by reference herein in its entirety.

[0213] Figures 29-31 show that in some embodiments, SOl FETs
having one or more features as described herein can be implemented in RF
switching applications.

[0214] Figure 29 shows an example of an RF switching configuration
160 having an RF core 162 and an energy management (EM) core 164.
Additional details concerning such RF and EM cores can be found in the above-
referenced PCT Publication No. WO 2014/011510. The example RF core 162 of
Figure 29 is shown as a single-pole-double-throw (SPDT) configuration in which
series arms of transistors 100a, 100b are arranged between a pole and first and
second throws, respectively. Nodes associated with the first and second throws
are shown to be coupled to ground through their respective shunt arms of
transistors 100c, 100d.

[0215] In the example of Figure 29, some or all of the transistors 100a-
100d can include contact layers as described herein. Such contact layers can be

utilized to provide desirable functionalities for the corresponding transistors.
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[0216] Figure 30 shows an example of the RF core 162 of Figure 29, in
which each of the switch arms 100a-100d includes a stack of FET devices. For
the purpose of description, each FET in such a stack can be referred to as a FET,
the stack itself can be collectively referred to as a FET, or some combination
thereof can also be referred to as a FET. In the example of Figure 30, each FET
in the corresponding stack one or more contact layers as described herein. It will
be understood that some or all of the FET devices in the RF core 162 can include
such contact layers.

[0217] Figure 31 shows an example of the biasing configuration 150 of
Figure 28, implemented in a switch arm having a stack of FETs 100 as described
in reference to Figure 30. In the example of Figure 31, each FET in the stack can
be biased with a separate substrate bias network 152, the FETs in the stack can
be biased with a plurality of substrate bias networks 152, all of the FETs in the
stack can be biased with a common substrate bias network, or any combination
thereof. Such possible variations can also apply to gate biasing (156) and body
biasing (154).

[0218] Figure 32 shows that a pattern 261 of one or more contact
layers 260 can be implemented to be electrically connected as described herein.
In some embodiments, such a pattern of contact layers can also be electrically
connected (depicted as 172) to, for example, a substrate bias network 152. In
some embodiments, and as described herein, such a pattern of contact layers
can be electrically connected to another node of the SOI FET device, with or
without the substrate bias network 152. In some embodiments, some or all of the
foregoing electrical connections for the contact layer(s) can be facilitated by
corresponding patterns of conductive features configured to provide substrate
biasing functionality.

[0219] Figures 33-38 show non-limiting examples of the pattern 261 of
one or more contact layers of Figure 32. In the examples of Figures 33-37, a
pattern of such contact layer(s) (indicated as 170) is depicted as generally
surrounding a corresponding circuit element. However, and as shown in Figures
38A-38E, such a pattern of contact layer(s) (indicated as 261) may or may not
surround a corresponding circuit element.

[0220] In the examples of Figures 33-38, it will be understood that for

some or all of such examples, the pattern of contact layer(s) can be electrically
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connected to another node of the SOl FET device, with or without the substrate
bias network 152.

[0221] Figure 33 shows an example configuration 160 in which a
pattern 170 of contact layers as described herein can generally form a ring
shaped perimeter substantially around an entire die having an RF core 162 and
an EM core 164. Accordingly, the RF core 162 and the EM core 164 collectively
can be a circuit element associated with the pattern 170 of contact layers.

[0222] Figure 34 shows an example configuration 160 in which a
pattern of contact layers as described herein can generally form a ring shaped
distribution implemented substantially around each of an RF core 162 (pattern
170a) and an EM core 164 (pattern 170b) of a switching die. Accordingly, the RF
core 162 can be a circuit element associated with the pattern 170a of contact
layers, and the EM core 164 can be a circuit element associated with the pattern
170b of contact layers. Although both of the RF and EM cores are depicted as
having respective patterns of contact layers, it will be understood that one pattern
can have such contact layers while the other pattern does not. For example, the
RF core can have such a pattern of contact layers while the EM core does not.

[0223] Figures 35-37 show examples of one or more patterns of
contact layers as described herein that can be implemented for an RF core 162.
Figure 35 shows an example configuration in which a pattern 170 of contact
layers as described herein can generally form a ring shaped distribution
implemented substantially around an assembly of series arms 100a, 100b and
shunt arms 100c, 100d. Accordingly, the RF core 162 can be a circuit element
associated with the pattern 170 of contact layers.

[0224] Figure 36 shows an example configuration in which a pattern of
contact layers as described herein can generally form a ring shaped distribution
implemented substantially around each of series arms 100a (pattern 170a), 100b
(pattern 170b) and shunt arms 100c (pattern 170c), 100d (pattern 170d).
Accordingly, each arm (100a, 100b, 100c or 100d) can be a circuit element
associated with the corresponding pattern (170a, 170b, 170c or 170d) of contact
layers.

[0225] Figure 37 shows an example configuration in which a pattern
170 of contact layers as described herein can generally form a ring shaped

distribution implemented substantially around each FET in a given arm.
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Accordingly, each FET can be a circuit element associated with the
corresponding pattern of contact layers.

[0226] In the examples of Figures 35-37, each component at different
levels of the RF core is shown to be provided with a pattern of contact layers.
For example, each arm in Figure 36 is shown to include a pattern of contact
layers, and each FET in Figure 37 is shown to include a pattern of contact layers.
It will be understood that not every one of such components necessarily needs to
have such pattern of contact layers. Further, it will be understood that various
combinations of the patterns of contact layers associated with different levels of
the RF core can be combined. For example, an RF core can include a pattern of
contact layers around the RF core itself, and one or more additional patterns of
contact layers can also be implemented for selected arm(s) and/or FET(s).

[0227] As described herein, a pattern of contact layers can be
implemented around a circuit element, partially around a circuit element, as a
single feature, or any combination thereof.

[0228] Figures 38A-38E show non-limiting examples of such patterns.
In such examples, the patterns are depicted as being electrically connected to
their respective substrate bias networks. However, and as described herein,
such patterns can be electrically connected to other part(s) of, for example,
corresponding FET with or without such substrate bias networks.

[0229] Figure 38A shows an example in which a pattern 261 of one or
more contact layers as described herein can be implemented around a circuit
element, similar to the examples of Figures 33-37. Such a pattern can be
electrically connected to a substrate bias network and/or another portion of the
circuit element.

[0230] Figure 38B shows an example in which a pattern 261 of contact
layers as described herein can be implemented partially around a circuit element.
In the particular example of Figure 38B, such a partially surrounding pattern can
be a U-shaped pattern in which one or more contact layers are implemented on
three sides, but not on the fourth side relative to the circuit element. Such a
pattern can be electrically connected to a substrate bias network and/or another
portion of the circuit element.

[0231] Figure 38C shows another example in which a pattern 261 of

contact layers as described herein can be implemented partially around a circuit
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element. In the particular example of Figure 38C, such a partially surrounding
pattern can be an L-shaped pattern in which one or more contact layers are
implemented on two adjacent sides, but not on the other two sides relative to the
circuit element. Such a pattern can be electrically connected to a substrate bias
network and/or another portion of the circuit element. In some embodiments, two
sides having patterns of contact layers can be opposing sides.

[0232] Figure 38D shows yet another example in which a pattern 261 of
contact layers as described herein can be implemented partially around a circuit
element. In the particular example of Figure 38D, such a partially surrounding
pattern can be a pattern in which one or more contact layers are implemented on
one side, but not on the remaining three sides relative to the circuit element.
Such a pattern can be electrically connected to a substrate bias network and/or
another portion of the circuit element.

[0233] Figure 38E shows an example in which a pattern 261 of contact
layers as described herein can be implemented as one or more discrete contact
areas. In the particular example of Figure 38E, such a pattern can be a pattern in
which a single contact layer is implemented relative to the circuit element. Such
a pattern can be electrically connected to a substrate bias network and/or another
portion of the circuit element.

[0234] In the examples of Figures 38A-38E, a given pattern 261 can
include one or more discrete and/or contiguous contact layers. For the purpose
of description, it will be understood that a contiguous pattern (e.g., two joined
segments in the example of Figure 38C) can include contact layers that are
electrically connected to a common substrate bias network and/or another
common portion of the circuit element.

[0235] Figures 39A and 39B show that in some embodiments, there
may be more than one pattern of contact layers implemented relative a circuit
element. Such patterns of contact layers can be electrically connected to
separate substrate bias networks and/or portions of the circuit element, be
electrically connected to a common substrate bias network and/or another
common portion of the circuit element, or any combination thereof.

[0236] For example, Figure 39A shows a configuration in which two
opposing sides relative to a circuit element are provided with first and second

patterns 261 of contact layers. The first pattern can be electrically connected to a
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first substrate bias network 152a and/or a first portion of the circuit element, and
the second pattern can be electrically connected to a second substrate bias
network 152b and/or a second portion of the circuit element.

[0237] In another example, 39B shows a configuration in which two
opposing sides relative to a circuit element are provided with first and second
patterns 261 of contact layers, similar to the example of Figure 39A. Both of the
first and second patterns 261 can be electrically connected to a common
substrate bias network 152 and/or a common portion of the circuit element.

[0238] Figures 40-57 show non-limiting examples of substrate bias
networks and/or other portions of an SOl FET device 100 that can be coupled
with a contact layer of the SOI FET device 100. Such coupling with the contact
layer can be facilitated by one or more patterns of conductive features as
described herein. In some embodiments, such contact layers can provide one or
more functionalities for the SOI FET device 100, including, for example, substrate
biasing functionality, back-gate functionality, or some combination thereof.

[0239] Figure 40 shows an example in which a contact layer of an SOI
FET device 100 can be electrically connected to a substrate bias network 152.
Such a substrate bias network can be configured to allow application of a DC
control voltage (V_control) to the contact layer.

[0240] Figure 41 shows an example in which a contact layer of an SOI
FET device 100 can be electrically connected to a substrate bias network 152.
Such a substrate bias network can be configured to allow application of a DC
control voltage (V_control) to the contact through a resistance R (e.g., a resistor).

[0241] Figure 42 shows an example in which a contact layer of an SOI
FET device 100 can be electrically connected to a gate node (e.g., back-side of
the gate) of the SOI FET device 100. In some embodiments, such a coupling
may or may not include a resistance R (e.g., a resistor). In some embodiments,
such a coupling may or may not be part of a substrate bias network 152 (if any).

[0242] Figure 43 shows an example in which a contact layer of an SOI
FET device 100 can be electrically connected to a gate node of the SOI FET
device 100 through a phase-shift circuit. In the example shown, the phase-shift
circuit includes a capacitance (e.g., a capacitor); however, it will be understood
that the phase-shift circuit can be configured in other manners. In some

embodiments, such a coupling may or may not include a resistance R (e.g., a
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resistor). In some embodiments, such a coupling may or may not be part of a
substrate bias network 152 (if any).

[0243] Figure 44 shows an example in which a contact layer of an SOI
FET device 100 can be electrically connected to a gate node of the SOI FET
device 100 through a phase-shift circuit, similar to the example of Figure 43. In
the example of Figure 44, a substrate bias network 152 can be configured to
allow application of a DC control voltage (V_control) to the contact layer. Such
V_control can be applied directly to the contact layer, or through a resistance R1
(e.g., aresistor).

[0244] Figures 45-48 show non-limiting examples in which various
couplings between a contact layer of an SOI FET device and another node of the
SOI FET device can include a diode. Such a diode can be implemented to, for
example, provide voltage-dependent couplings.

[0245] Figure 45A shows an example that is similar to the example of
Figure 42, but with a diode D in series with the resistance R. In some
embodiments, such a coupling between the contact layer the gate node can be
implemented with or without the resistance R.

[0246] Figure 45B shows that in some embodiments, the polarity of the
diode D can be reversed from the example of Figure 45A. It will be understood
that such polarity reversal of the diode can also be implemented in the examples
of Figures 46-48.

[0247] Figure 46 shows an example that is similar to the example of
Figure 43, but with a diode D in parallel with a phase-shifting circuit (e.g., a
capacitance C). In some embodiments, such a coupling between the contact
layer and the gate node can be implemented with or without the resistance R.

[0248] Figure 47 shows an example that is similar to the example of
Figure 42, but with a diode D in series with the resistance R. In some
embodiments, a DC control voltage (V_control) can be applied directly to the
contact layer, or through a resistance (e.g., a resistor).

[0249] Figure 48 shows an example that is similar to the example of
Figure 46, but with biasing. Such biasing can be configured to allow application
of a DC control voltage (V_control) to the contact layer directly or through a

resistance R (e.g., a resistor).
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[0250] In some embodiments, a contact layer connection having one or
more features as described herein can be utilized to sense a voltage condition of
the substrate. Such a sensed voltage can be utilized to, for example,
compensate the voltage condition. For example, charge can be driven into or out
of the substrate as needed or desired through the contact layer.

[0251] Figure 49 shows an SOI FET device 100 having a contact layer
as described herein. Such a contact layer can be utilized to sense a voltage V
associated with the substrate node. Figures 50-57 show non-limiting examples of
how such sensed voltage can be utilized in various feedback and/or biasing
configurations.  Although various examples are described in the context of
voltage V, it will be understood that one or more features of the present
disclosure can also be implemented utilizing, for example, sensed current
associated with the substrate.

[0252] Figures 50A-50D show examples of how a contact layer of an
SOI FET device 100 can be coupled to another node of the SOI FET device 100.
In some embodiments, such couplings can be utilized to facilitate the foregoing
compensation based on the sensed substrate voltage of Figure 49. Figure 50A
shows that a coupling 190 can be implemented between the contact layer and a
gate node. Figure 50B shows that a coupling 190 can be implemented between
the contact layer and a body node. Figure 50C shows that a coupling 190 can be
implemented between the contact layer and a source node. Figure 50D shows
that a coupling 190 can be implemented between the contact layer and a drain
node. In some embodiments, the contact layer can be coupled to more than one
of the foregoing nodes.

[0253] Figures 51A-51D show examples of how a contact layer of an
SOI FET device 100 can be coupled to another node of the SOI FET device 100
through a phase-shifting circuit (e.g., a capacitance) 192. In some embodiments,
such couplings can be utilized to facilitate the foregoing compensation based on
the sensed substrate voltage of Figure 49. Figure 51A shows that a coupling 190
having a phase-shifting circuit 192 can be implemented between the contact layer
and a gate node. Figure 51B shows that a coupling 190 having a phase-shifting
circuit 192 can be implemented between the contact layer and a body node.
Figure 51C shows that a coupling 190 having a phase-shifting circuit 192 can be

implemented between the contact layer and a source node. Figure 51D shows
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that a coupling 190 having a phase-shifting circuit 192 can be implemented
between the contact layer and a drain node. In some embodiments, the contact
layer can be coupled to more than one of the foregoing nodes.

[0254] Figures 52A-52D show examples that are similar to the
examples of Figures 50A-50D. However, in each of the examples of Figures
52A-52D, a bias signal such as a DC control voltage (V_control) can be applied
to the contact layer. Such V_control can be applied to the contact layer directly
or through a resistance.

[0255] Figures 53A-53D show examples that are similar to the
examples of Figures 51A-51D. However, in each of the examples of Figures
53A-53D, a bias signal such as a DC control voltage (V_control) can be applied
to the contact layer. Such V_control can be applied to the contact layer directly
or through a resistance.

[0256] Figures 54A-54D show examples of how a contact layer of an
SOI FET device 100 can be coupled to another node of the SOI FET device 100
through a diode D. In some embodiments, such couplings can be utilized to
facilitate the foregoing compensation based on the sensed substrate voltage of
Figure 49. In some embodiments, a given diode can be reversed from the
configuration as shown as needed or desired.

[0257] Figure 54A shows that a coupling 190 having a diode D can be
implemented between the contact layer and a gate node. Figure 54B shows that
a coupling 190 having a diode D can be implemented between the contact layer
and a body node. Figure 54C shows that a coupling 190 having a diode D can
be implemented between the contact layer and a source node. Figure 54D
shows that a coupling 190 having a diode D can be implemented between the
contact layer and a drain node. In some embodiments, the contact layer can be
coupled to more than one of the foregoing nodes.

[0258] Figures 55A-55D show examples of how a contact layer of an
SOI FET device 100 can be coupled to another node of the SOI FET device 100
through a diode D and a phase-shifting circuit 192. In some embodiments, such
diode D and the phase-shifting circuit 192 can be arranged in a parallel
configuration. In some embodiments, such couplings can be utilized to facilitate

the foregoing compensation based on the sensed substrate voltage of Figure 49.
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In some embodiments, a given diode can be reversed from the configuration as
shown as needed or desired.

[0259] Figure 55A shows that a coupling 190 having a diode D and a
phase-shifting circuit 190 can be implemented between the contact layer and a
gate node. Figure 55B shows that a coupling 190 having a diode D and a phase-
shifting circuit 190 can be implemented between the contact layer and a body
node. Figure 55C shows that a coupling 190 having a diode D and a phase-
shifting circuit 190 can be implemented between the contact layer and a source
node. Figure 55D shows that a coupling 190 having a diode D and a phase-
shifting circuit 190 can be implemented between the contact layer and a drain
node. In some embodiments, the contact layer can be coupled to more than one
of the foregoing nodes.

[0260] Figures 56A-56D show examples that are similar to the
examples of Figures 54A-54D. However, in each of the examples of Figures
56A-56D, a bias signal such as a DC control voltage (V_control) can be applied
to the contact layer. Such V_control can be applied to the contact layer directly
or through a resistance.

[0261] Figures 57A-57D show examples that are similar to the
examples of Figures 55A-55D. However, in each of the examples of Figures
57A-57D, a bias signal such as a DC control voltage (V_control) can be applied
to the contact layer. Such V_control can be applied to the contact layer directly

or through a resistance.

Examples Related to Switch Configurations

[0262] As described herein in reference to the examples of Figures 29,
30 and 33-37, FET devices having one or more features of the present disclosure
can be utilized to implement an SPDT switch configuration. It will be understood
that FET devices having one or more features of the present disclosure can also
be implemented in other switch configurations.

[0263] Figures 58-68 show examples related to various switch
configurations that can be implemented utilizing FET devices such as SOI FET
devices having one or more features as described herein. For example, Figure

58 shows a switch assembly 255 implemented in a single-pole-single-throw
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(SPST) configuration. Such a switch can include an SOl FET device 100
implemented between a first port (Port1) and a second port (Port2).

[0264] Figure 59 shows that in some embodiments, the SOI FET
device 100 of Figure 58 can include a contact layer feature as described herein.
The source node of the SOI FET device 100 can be connected to the first port
(Port1), and the drain node of the SOI FET device 100 can be connected to the
second port (Port2). As described herein, the SOI FET device 100 can be turned
ON to close the switch 255 (of Figure 58) between the two ports, and turned OFF
to open the switch 250 between the two ports.

[0265] It will be understood that the SOI FET device 100 of Figures 58
and 59 can include a single FET, or a plurality of FETs arranged in a stack. It will
also be understood that each of various SOl FET devices 100 of Figures 60-68
can include a single FET, or a plurality of FETs arranged in a stack.

[0266] Figure 60 shows an example of how two SPST switches (e.g.,
similar to the examples of Figures 58, 59) having one or more features as
described herein can be utilized to form a switch assembly 255 having a single-
pole-double-throw (SPDT) configuration. Figure 61 shows, in a SPDT
representation, that the switch assembly 255 of Figure 60 can be utilized in an
antenna switch configuration 265. It will be understood that one or more features
of the present disclosure can also be utilized in switching applications other than
antenna switching application.

[0267] It is noted that in various switching configuration examples of
Figures 58-68, switchable shunt paths are not shown for simplified views of the
switching configurations. Accordingly, it will be understood that some or all of
switchable paths in such switching configurations may or may not have
associated with them switchable shunt paths (e.g., similar to the examples of
Figures 29, 30 and 33-37).

[0268] Referring to the examples of Figures 60 and 61, it is noted that
such examples are similar to the examples described herein in reference to
Figures 29, 30 and 33-37. In some embodiments, the single pole (P) of the
switch assembly 250 of Figure 60 can be utilized as an antenna node (Ant) of the
antenna switch 265, and the first and second throws (T1, T2) of the switch
assembly 255 of Figure 60 can be utilized as TRx1 and TRx2 nodes,
respectively, of the antenna switch 265. Although each of the TRx1 and TRx2
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nodes is indicated as providing transmit (Tx) and receive (Rx) functionalities, it
will be understood that each of such nodes can be configured to provide either or
both of such Tx and Rx functionalities.

[0269] In the examples of Figures 60 and 61, the SPDT functionality is
shown to be provided by two SPST switches 100a, 100b, with the first SPST
switch 100a providing a first switchable path between the pole P (Ant in Figure
61) and the first throw T1 (TRx1 in Figure 61), and the second SPST switch 100b
providing a second switchable path between the pole P (Ant in Figure 61) and the
second throw T2 (TRx2 in Figure 61). Accordingly, selective coupling of the pole
(Ant) with either of the first throw T1 (TRx1) and the second throw T2 (TRx2) can
be achieved by selective switching operations of the first and second SPST
switches. For example, if a connection is desired between the pole (Ant) and the
first throw T1 (TRx1), the first SPST switch 100a can be closed, and the second
SPST switch 100b can be opened. Similarly, and as depicted in the example
state in Figures 60 and 61, if a connection is desired between the pole (Ant) and
the second throw T2 (TRx2), the first SPST switch 100a can be opened, and the
second SPST switch 100b can be closed.

[0270] In the foregoing switching examples of Figures 60 and 61, a
single TRx path is connected to the antenna (Ant) node in a given switch
configuration. It will be understood that in some applications (e.g., carrier-
aggregation applications), more than one TRx paths may be connected to the
same antenna node. Thus, in the context of the foregoing switching configuration
involving a plurality of SPST switches, more than one of such SPST switches can
be closed to thereby connect their respective throws (TRx nodes) to the same
pole (Ant).

[0271] Figure 62 shows an example of how three SPST switches (e.g.,
similar to the examples of Figures 58, 59) having one or more features as
described herein can be utilized to form a switch assembly 255 having a single-
pole-triple-throw (SP3T) configuration. Figure 63 shows, in a SP3T
representation, that the switch assembly 255 of Figure 62 can be utilized in an
antenna switch configuration 265. It will be understood that one or more features
of the present disclosure can also be utilized in switching applications other than

antenna switching application.
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[0272] Referring to the examples of Figures 62 and 63, it is noted that
the SP3T configuration can be an extension of the SPDT configuration of Figures
60 and 61. For example, the single pole (P) of the switch assembly 255 of Figure
62 can be utilized as an antenna node (Ant) of the antenna switch 265, and the
first, second and third throws (T1, T2, T3) of the switch assembly 255 of Figure
62 can be utilized as TRx1, TRx2 and TRx3 nodes, respectively, of the antenna
switch 265. Although each of the TRx1, TRx2 and TRx3 nodes is indicated as
providing transmit (Tx) and receive (Rx) functionalities, it will be understood that
each of such nodes can be configured to provide either or both of such Tx and Rx
functionalities.

[0273] In the examples of Figures 62 and 63, the SP3T functionality is
shown to be provided by three SPST switches 100a, 100b, 100c, with the first
SPST switch 100a providing a first switchable path between the pole P (Ant in
Figure 63) and the first throw T1 (TRx1 in Figure 63), the second SPST switch
100b providing a second switchable path between the pole P (Ant in Figure 63)
and the second throw T2 (TRx2 in Figure 63), and the third SPST switch 100c
providing a third switchable path between the pole P (Ant in Figure 63) and the
third throw T3 (TRx3 in Figure 63). Accordingly, selective coupling of the pole
(Ant) with one of the first throw T1 (TRx1), the second throw T2 (TRx2), and the
third throw T3 (TRx3) can be achieved by selective switching operations of the
first, second and third SPST switches. For example, if a connection is desired
between the pole (Ant) and the first throw T1 (TRx1), the first SPST switch 100a
can be closed, and each of the second and third SPST switches 100b, 100¢c can
be opened. If a connection is desired between the pole (Ant) and the second
throw T2 (TRx2), the second SPST switch 100b can be closed, and each of the
first and third SPST switches 100a, 100c can be opened. Similarly, and as
depicted in the example state in Figures 62 and 63, if a connection is desired
between the pole (Ant) and the third throw T3 (TRx3), each of the first and
second SPST switches 100a, 100b can be opened, and the third SPST switch
100c can be closed.

[0274] In the foregoing switching examples of Figures 62 and 63, a
single TRx path is connected to the antenna (Ant) node in a given switch
configuration. It will be understood that in some applications (e.g., carrier-

aggregation applications), more than one TRx paths may be connected to the
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same antenna node. Thus, in the context of the foregoing switching configuration
involving a plurality of SPST switches, more than one of such SPST switches can
be closed to thereby connect their respective throws (TRx nodes) to the same
pole (Ant).

[0275] Based on the foregoing examples of SPST, SPDT and SP3T
configurations of Figures 58-63, one can see that other switching configurations
involving a single pole (SP) can be implemented utilizing SOl FET devices having
one or more features as described herein. Thus, it will be understood that a
switch having a SPNT can be implemented utilizing one or more SOI FET
devices as described herein, where the quantity N is a positive integer.

[0276] Switching configurations of Figures 60-63 are examples where a
single pole (SP) is connectable to one or more of a plurality of throws to provide
the foregoing SPNT functionality. Figures 64-67 show examples where more
than one poles can be provided in switching configurations. Figures 64 and 65
show examples related to a double-pole-double-throw (DPDT) switching
configuration that can utilize a plurality of SOl FET devices having one or more
features as described herein. Similarly, Figures 66 and 67 show examples
related to a triple-pole-triple-throw (3P3T) switching configuration that can utilize
a plurality of SOI FET devices having one or more features as described herein.

[0277] It will be understood that a switching configuration utilizing a
plurality of SOI FET devices having one or more features as described herein can
include more than three poles. Further, it is noted that in the examples of Figures
64-67, the number of throws (e.g., 2 in Figures 64 and 65, and 3 in Figures 66
and 67) are depicted as being the same as the corresponding number of poles
for convenience. However, it will be understood that the number of throws may
be different than the number of poles.

[0278] Figure 64 shows an example of how four SPST switches (e.g.,
similar to the examples of Figures 58, 59) having one or more features as
described herein can be utilized to form a switch assembly 255 having a DPDT
configuration. Figure 65 shows, in a DPDT representation, that the switch
assembly 255 of Figure 64 can be utilized in an antenna switch configuration 265.
It will be understood that one or more features of the present disclosure can also

be utilized in switching applications other than antenna switching application.
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[0279] In the examples of Figures 64 and 65, the DPDT functionality is
shown to be provided by four SPST switches 100a, 100b, 100¢, 100d. The first
SPST switch 100a is shown to provide a switchable path between a first pole P1
(Ant1 in Figure 65) and a first throw T1 (TRx1 in Figure 65), the second SPST
switch 100b is shown to provide a switchable path between a second pole P2
(Ant2 in Figure 65) and the first throw T1 (TRx1 in Figure 65), the third SPST
switch 100c is shown to provide a switchable path between the first pole P1 (Ant1
in Figure 65) and a second throw T2 (TRx2 in Figure 65), and the fourth SPST
switch 100d is shown to provide a switchable path between the second pole P2
(Ant2 in Figure 65) and the second throw T2 (TRx2 in Figure 65). Accordingly,
selective coupling between one or more of the poles (antenna nodes) with one or
more of the throws (TRx nodes) can be achieved by selective switching
operations of the four SPST switches 100a, 100b, 100c¢, 100d. Examples of such
switching operations are described herein in greater detail.

[0280] Figure 66 shows an example of how nine SPST switches (e.g.,
similar to the examples of Figures 58, 59) having one or more features as
described herein can be utilized to form a switch assembly 255 having a 3P3T
configuration. Figure 67 shows, in a 3P3T representation, that the switch
assembly 255 of Figure 66 can be utilized in an antenna switch configuration 265.
It will be understood that one or more features of the present disclosure can also
be utilized in switching applications other than antenna switching application.

[0281] Referring to the examples of Figures 66 and 67, it is noted that
the 3P3T configuration can be an extension of the DPDT configuration of Figures
64 and 65. For example, a third pole (P3) can be utilized as a third antenna node
(Ant3), and a third throw (T3) can be utilized as a third TRx node (TRx3).
Connectivity associated with such third pole and third throw can be implemented
similar to the examples of Figures 64 and 65.

[0282] In the examples of Figures 66 and 67, the 3P3T functionality is
shown to be provided by nine SPST switches 100a-100i. Such nine SPST

switches can provide switchable paths as listed in Table 1.
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Table 1
SPST switch Pole Throw
100a P1 T1
100b P2 T1
100c P3 T1
100d P1 T2
100e P2 T2
100f P3 T2
100g P1 T3
100h P2 T3
100i P3 T3

Based on the example of Figures 66 and 67, and Table 1, one can see that
selective coupling between one or more of the poles (antenna nodes) with one or
more of the throws (TRx nodes) can be achieved by selective switching
operations of the nine SPST switches 100a-100i.

[0283] In many applications, switching configurations having a plurality
of poles and a plurality of throws can provide increased flexibility in how RF
signals can be routed therethrough. Figures 68A-68E show examples of how a
DPDT switching configuration such as the examples of Figures 64 and 65 can be
operated to provide different signal routing functionalities. It will be understood
that similar control schemes can also be implemented for other switching
configurations, such as the 3P3T examples of Figures 66 and 67.

[0284] In some wireless front-end architectures, two antennas can be
provided, and such antennas can operate with two channels, with each channel
being configured for either or both of Tx and Rx operations. For the purpose of
description, it will be assumed that each channel is configured for both Tx and Rx
operations (TRx). However, it will be understood that each channel does not
necessarily need to have such TRx functionality. For example, one channel can
be configured for TRx operations, while the other channel can be configured for
Rx operation. Other configurations are also possible.

[0285] In the foregoing front-end architectures, there may be relatively
simple switching states including a first state and a second state. In the first
state, the first TRx channel (associated with the node TRx1) can operate with the
first antenna (associated with the node Ant1), and the second TRx channel

(associated with the node TRx2) can operate with the second antenna
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(associated with the node Ant2). In the second state, connections between the
antenna nodes and the TRx nodes can be swapped from the first state.
Accordingly, the first TRx channel (associated with the node TRx1) can operate
with the second antenna (associated with the node Ant2), and the second TRx
channel (associated with the node TRx2) can operate with the first antenna
(associated with the node Ant1).

[0286]

configuration can be controlled by a one-bit logic scheme, as shown in the

In some embodiments, such two states of the DPDT switching

example logic states in Table 2.

Table 2
State Control logic | TRx1-Ant1 | TRx1-Ant2 | TRx2-Ant1 | TRx2-Ant2
connection | connection | connection | connection
1 0 Yes No No Yes
2 1 No Yes Yes No
[0287] The first state (State 1) of the example of Table 2 is depicted in

Figure 68A as 271a, where the TRx1-Ant1 connection is indicated as path 275a,
and the TRx2-Ant2 connection is indicated as path 277a. A control signal,
representative of the control logic of Table 2, provided to the assembly (273) of
the four SPST switches (100a, 100b, 100c, 100d) is collectively indicated as
Vc(s).
in Figure 68B as 271b, where the TRx1-Ant2 connection is indicated as path
277b, and the TRx2-Ant1 connection is indicated as path 275b.

[0288]

configuration, it may be desirable to have additional switching states.

Similarly, the second state (State 2) of the example of Table 2 is depicted

In some front-end architectures having a DPDT switching
For
example, it may be desirable to have only one path active among the two TRx
channels and the two antennas. In another example, it may be desirable to
disable all signal paths through the DPDT switch. Examples of 3-bit control logic
that can be utilized to achieve such examples switching states are listed in Table

3.
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Table 3
State Control logic | TRx1-Ant1 | TRx1-Ant2 | TRx2-Ant1 | TRx2-Ant2
(Ve1, Ve2, connection | connection | connection | connection
\Vc3)
1 0,0,0 No No No No
2 0,01 Yes No No Yes
3 0,1,0 Yes No No No
4 0,11 No Yes Yes No
5 1,0,0 No Yes No No

[0289] The first state (State 1) of the example of Table 3 is depicted in
Figure 68E as 271e, where all of the TRx-Ant paths are disconnected. A control
signal indicated as Vc(s) in Figure 68E and as listed in Table 3 can be provided
to the assembly (272) of the four SPST switches (100a, 100b, 100c, 100d) to
effectuate such a switching state.

[0290] The second state (State 2) of the example of Table 3 is depicted
in Figure 68A as 271a, where the TRx1-Ant1 connection is indicated as path
275a, and the TRx2-Ant2 connection is indicated as path 277a. A control signal
indicated as Vc(s) in Figure 68A and as listed in Table 3 can be provided to the
assembly (273) of the four SPST switches (100a, 100b, 100c, 100d) to effectuate
such a switching state.

[0291] The third state (State 3) of the example of Table 3 is depicted in
Figure 68C as 271c, where the TRx1-Ant1 connection is indicated as path 275c,
and all other paths are disconnected. A control signal indicated as Vc(s) in
Figure 68C and as listed in Table 3 can be provided to the assembly (273) of the
four SPST switches (100a, 100b, 100c, 100d) to effectuate such a switching
state.

[0292] The fourth state (State 4) of the example of Table 3 is depicted
in Figure 68B as 271b, where the TRx1-Ant2 connection is indicated as path
277b, and the TRx2-Ant1 connection is indicated as path 275b. A control signal
indicated as Vc(s) in Figure 68B and as listed in Table 3 can be provided to the
assembly (273) of the four SPST switches (100a, 100b, 100c, 100d) to effectuate
such a switching state.

[0293] The fifth state (State 5) of the example of Table 3 is depicted in
Figure 68D as 270d, where the TRx1-Ant2 connection is indicated as path 277d,
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and all other paths are disconnected. A control signal indicated as Vc(s) in
Figure 68D and as listed in Table 3 can be provided to the assembly (273) of the
four SPST switches (100a, 100b, 100c, 100d) to effectuate such a switching
state.

[0294] As one can see, other switching configurations can also be
implemented with the DPDT switch of Figures 68A-68E. It will also be
understood that other switches such as 3P3T of Figures 66 and 67 can be

controlled by control logic in a similar manner.

Examples Related to Implementations in Products

[0295] Various examples of SOI FET devices, circuits based on such
devices, and bias/coupling configurations for such devices and circuits as
described herein can be implemented in a number of different ways and at
different product levels. Some of such product implementations are described by
way of examples.

[0296] Figures 69A-69D depict non-limiting examples of such
implementations on one or more semiconductor die. Figure 69A shows that in
some embodiments, a switch circuit 820 and a bias/coupling circuit 850 having
one or more features as described herein can be implemented on a die 800.
Figure 69B shows that in some embodiments, at least some of the bias/coupling
circuit 850 can be implemented outside of the die 800 of Figure 69A.

[0297] Figure 69C shows that in some embodiments, a switch circuit
820 having one or more features as described herein can be implemented on one
die 800b, and a bias/coupling circuit 850 having one or more features as
described herein can be implemented on another die 800a. Figure 69D shows
that in some embodiments, at least some of the bias/coupling circuit 850 can be
implemented outside of the other die 800a of Figure 69C.

[0298] In some embodiments, one or more die having one or more
features described herein can be implemented in a packaged module. An
example of such a module is shown in Figures 70A (plan view) and 70B (side
view). Although described in the context of both of the switch circuit and the
bias/coupling circuit being on the same die (e.g., example configuration of Figure
69A), it will be understood that packaged modules can be based on other

configurations.
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[0299] A module 810 is shown to include a packaging substrate 812.
Such a packaging substrate can be configured to receive a plurality of
components, and can include, for example, a laminate substrate. The
components mounted on the packaging substrate 812 can include one or more
die. In the example shown, a die 800 having a switching circuit 820 and a
bias/coupling circuit 850 is shown to be mounted on the packaging substrate 812.
The die 800 can be electrically connected to other parts of the module (and with
each other where more than one die is utilized) through connections such as
connection-wirebonds 816. Such connection-wirebonds can be formed between
contact pads 818 formed on the die 800 and contact pads 814 formed on the
packaging substrate 812. In some embodiments, one or more surface mounted
devices (SMDs) 822 can be mounted on the packaging substrate 812 to facilitate
various functionalities of the module 810.

[0300] In some embodiments, the packaging substrate 812 can include
electrical connection paths for interconnecting the various components with each
other and/or with contact pads for external connections. For example, a
connection path 832 is depicted as interconnecting the example SMD 822 and
the die 800. In another example, a connection path 833 is depicted as
interconnecting the SMD 822 with an external-connection contact pad 834. In yet
another example a connection path 835 is depicted as interconnecting the die
800 with ground-connection contact pads 836.

[0301] In some embodiments, a space above the packaging substrate
812 and the various components mounted thereon can be filled with an overmold
structure 830. Such an overmold structure can provide a number of desirable
functionalities, including protection for the components and wirebonds from
external elements, and easier handling of the packaged module 810.

[0302] Figure 71 shows a schematic diagram of an example switching
configuration that can be implemented in the module 810 described in reference
to Figures 70A and 70B. In the example, the switch circuit 820 is depicted as
being an SPIT switch, with the pole being connectable to an antenna and the
throws being connectable to various Rx and Tx paths. Such a configuration can
facilitate, for example, multi-mode multi-band operations in wireless devices. As
described herein, various switching configurations (e.g., including those

configured for more than one antenna) can be implemented for the switch circuit
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820. As also described herein, one or more throws of such switching
configurations can be connectable to corresponding path(s) configured for TRx
operations.

[0303] The module 810 can further include an interface for receiving
power (e.g., supply voltage VDD) and control signals to facilitate operation of the
switch circuit 820 and/or the bias/coupling circuit 850. In some implementations,
supply voltage and control signals can be applied to the switch circuit 820 via the
bias/coupling circuit 850.

[0304] In some implementations, a device and/or a circuit having one or
more features described herein can be included in an RF device such as a
wireless device. Such a device and/or a circuit can be implemented directly in
the wireless device, in a modular form as described herein, or in some
combination thereof. In some embodiments, such a wireless device can include,
for example, a cellular phone, a smart-phone, a hand-held wireless device with or
without phone functionality, a wireless tablet, etc.

[0305] Figure 72 depicts an example wireless device 900 having one or
more advantageous features described herein. In the context of various switches
and various biasing/coupling configurations as described herein, a switch 920
and a bias/coupling circuit 950 can be part of a module 910. In some
embodiments, such a switch module can facilitate, for example, multi-band multi-
mode operations of the wireless device 900.

[0306] In the example wireless device 900, a power amplifier (PA)
assembly 916 having a plurality of PAs can provide one or more amplified RF
signals to the switch 920 (via an assembly of one or more duplexers 918), and
the switch 920 can route the amplified RF signal(s) to one or more antennas.
The PAs 916 can receive corresponding unamplified RF signal(s) from a
transceiver 914 that can be configured and operated in known manners. The
transceiver 914 can also be configured to process received signals. The
transceiver 914 is shown to interact with a baseband sub-system 910 that is
configured to provide conversion between data and/or voice signals suitable for a
user and RF signals suitable for the transceiver 914. The transceiver 914 is also
shown to be connected to a power management component 906 that is

configured to manage power for the operation of the wireless device 900. Such a
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power management component can also control operations of the baseband sub-
system 910 and the module 910.

[0307] The baseband sub-system 910 is shown to be connected to a
user interface 902 to facilitate various input and output of voice and/or data
provided to and received from the user. The baseband sub-system 910 can also
be connected to a memory 904 that is configured to store data and/or instructions
to facilitate the operation of the wireless device, and/or to provide storage of
information for the user.

[0308] In some embodiments, the duplexers 918 can allow transmit and
receive operations to be performed simultaneously using a common antenna
(e.g., 924). In Figure 72, received signals are shown to be routed to "Rx" paths
that can include, for example, one or more low-noise amplifiers (LNASs).

[0309] A number of other wireless device configurations can utilize one
or more features described herein. For example, a wireless device does not
need to be a multi-band device. In another example, a wireless device can
include additional antennas such as diversity antenna, and additional connectivity
features such as Wi-Fi, Bluetooth, and GPS.

General Comments

[0310] Unless the context clearly requires otherwise, throughout the

” o

description and the claims, the words “comprise,” “comprising,” and the like are to
be construed in an inclusive sense, as opposed to an exclusive or exhaustive
sense; that is to say, in the sense of “including, but not limited to.” The word
“‘coupled’, as generally used herein, refers to two or more elements that may be
either directly connected, or connected by way of one or more intermediate

” o

elements. Additionally, the words “herein,” “above,” “below,” and words of similar
import, when used in this application, shall refer to this application as a whole and
not to any particular portions of this application. Where the context permits,
words in the above Description using the singular or plural number may also
include the plural or singular number respectively. The word “or” in reference to a
list of two or more items, that word covers all of the following interpretations of the
word: any of the items in the list, all of the items in the list, and any combination

of the items in the list.
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[0311] The above detailed description of embodiments of the invention
is not intended to be exhaustive or to limit the invention to the precise form
disclosed above. While specific embodiments of, and examples for, the invention
are described above for illustrative purposes, various equivalent modifications are
possible within the scope of the invention, as those skilled in the relevant art will
recognize. For example, while processes or blocks are presented in a given
order, alternative embodiments may perform routines having steps, or employ
systems having blocks, in a different order, and some processes or blocks may
be deleted, moved, added, subdivided, combined, and/or modified. Each of
these processes or blocks may be implemented in a variety of different ways.
Also, while processes or blocks are at times shown as being performed in series,
these processes or blocks may instead be performed in parallel, or may be
performed at different times.

[0312] The teachings of the invention provided herein can be applied to
other systems, not necessarily the system described above. The elements and
acts of the various embodiments described above can be combined to provide
further embodiments.

[0313] While some embodiments of the inventions have been
described, these embodiments have been presented by way of example only,
and are not intended to limit the scope of the disclosure. Indeed, the novel
methods and systems described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and changes in the form of
the methods and systems described herein may be made without departing from
the spirit of the disclosure. The accompanying claims and their equivalents are
intended to cover such forms or modifications as would fall within the scope and

spirit of the disclosure.
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WHAT IS CLAIMED IS:

1. A radio-frequency (RF) device comprising:

a field-effect transistor (FET) implemented over a substrate layer

an insulator layer implemented between the FET and the substrate
layer; and

a contact layer implemented between the insulator layer and the

substrate layer to allow adjustment of RF performance of the FET.

2. The RF device of claim 1 wherein the adjustment of the RF

performance includes a dynamic adjustment.

3. The RF device of claim 1 wherein the adjustment of the RF

performance includes a static adjustment.

4. The RF device of claim 1 wherein the RF device is configured as an
RF switch with the FET providing ON and OFF functionalities of the RF switch.

. The RF device of claim 4 wherein the RF performance includes

harmonic generation.

6. The RF device of claim 4 wherein the RF performance includes

intermodulation distortion (IMD).

7. The RF device of claim 6 wherein the IMD includes at least a
second-order IMD (IMD2).

8. The RF device of claim 6 wherein the IMD includes at least a third-
order IMD (IMD3).

9. The RF device of claim 4 wherein the RF performance includes

insertion loss.
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10. The RF device of claim 4 wherein the RF performance includes

isolation.

11. The RF device of claim 4 wherein the RF performance includes

linearity.

12. The RF device of claim 4 wherein the RF performance includes

voltage breakdown characteristic.

13.  The RF device of claim 4 wherein the RF performance includes

noise figure.

14. The RF device of claim 4 wherein the RF performance includes

phase.

15. The RF device of claim 4 wherein the RF performance includes

impedance.

16. The RF device of claim 1 wherein the substrate layer is a part of a

silicon-on-insulator (SOI) substrate.

17.  The RF device of claim 16 wherein the substrate layer is a silicon

handle layer.

18. The RF device of claim 16 wherein the substrate is a handle layer

that includes an electrically-insulating material.
19. The RF device of claim 18 wherein the electrically-insulating
material includes glass, borosilicon glass, fused quartz, sapphire, or silicon

carbide.

20. The RF device of claim 16 wherein the insulator layer includes a
buried oxide (BOX) layer.
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21. The RF device of claim 16 wherein the FET is formed with an active

silicon layer of the SOI substrate.

22.  The RF device of claim 1 further comprising one or more conductive
features implemented through the insulator layer and configured to provide an

electrical connection to the contact layer.

23. The RF device of claim 22 wherein the one or more conductive

features includes one or more conductive vias.

24. The RF device of claim 22 wherein the one or more conductive

features includes one or more conductive trenches.

25.  The RF device of claim 22 wherein the one or more conductive
features are configured to provide the electrical connection between the contact

layer and a bias network configured to provide a bias signal to the contact layer.

26. The RF device of claim 25 wherein the bias signal includes a DC

voltage.

27. The RF device of claim 26 wherein the bias network includes a

resistance through which the DC voltage is provided to the contact layer.
28. The RF device of claim 1 further comprising a coupling circuit
configured to couple the contact layer with one or more nodes associated with a

gate, a source, a drain and a body of the FET.

29. The RF device of claim 28 wherein the coupling circuit includes a

coupling path between the contact layer and the gate node.

30. The RF device of claim 29 wherein the coupling path between the

contact layer and the gate node includes a resistance.
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31. The RF device of claim 30 wherein the coupling path between the
contact layer and the gate node further includes a phase-shifting circuit in series

with the resistance.

32. The RF device of claim 31 wherein the phase-shifting circuit

includes a capacitance.

33. The RF device of claim 30 wherein the coupling path between the
contact layer and the gate node further includes a diode in series with the

resistance.

34. The RF device of claim 33 wherein the coupling path between the
contact layer and the gate node further includes a phase-shifting circuit in parallel
with the diode.

35. The RF device of claim 34 wherein the phase-shifting circuit

includes a capacitance.

36. The RF device of claim 28 wherein the coupling circuit includes a

coupling path between the contact layer and the body node.

37. The RF device of claim 36 wherein the coupling path between the

contact layer and the body node includes a phase-shifting circuit.

38. The RF device of claim 36 wherein the coupling path between the

contact layer and the body node includes a diode.
39. The RF device of claim 38 wherein the coupling path between the
contact layer and the body node further includes a phase-shifting circuit in

parallel with the diode.

40. The RF device of claim 28 wherein the coupling circuit includes a

coupling path between the contact layer and the source node.
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41. The RF device of claim 40 wherein the coupling path between the

contact layer and the source node includes a phase-shifting circuit.

42.  The RF device of claim 40 wherein the coupling path between the

contact layer and the source node includes a diode.

43. The RF device of claim 42 wherein the coupling path between the
contact layer and the source node further includes a phase-shifting circuit in

parallel with the diode.

44,  The RF device of claim 28 wherein the coupling circuit includes a

coupling path between the contact layer and the drain node.

45.  The RF device of claim 44 wherein the coupling path between the

contact layer and the drain node includes a phase-shifting circuit.

46. The RF device of claim 44 wherein the coupling path between the

contact layer and the drain node includes a diode.

47. The RF device of claim 46 wherein the coupling path between the
contact layer and the drain node further includes a phase-shifting circuit in

parallel with the diode.

48. The RF device of claim 28 further comprising a bias network

configured to provide a bias voltage to the contact layer.

49. The RF device of claim 16 wherein the SOI substrate is configured

such that the contact layer is in direct engagement with the insulator layer.

50. The RF device of claim 16 wherein the SOl substrate includes an

interface layer implemented between the substrate layer and an insulator layer.

51. The RF device of claim 50 wherein the interface layer includes a

trap-rich layer.

-590-



WO 2016/183146 PCT/US2016/031773

52. The RF device of claim 16 wherein the SOI substrate is configured
such that substrate layer includes a plurality of doped regions at or near a surface

under the insulator layer.

53. The RF device of claim 52 wherein the doped regions include

amorphous and high resistivity properties.

54. The RF device of claim 52 wherein the doped regions include a

crystalline property.

55. The RF device of clam 1 wherein the contact layer is in direct

contact with the substrate layer.

56. The RF device of claim 55 wherein the contact layer is configured to

provide a bias signal to the substrate.

57. The RF device of claim 1 wherein the contact layer is implemented

relative to the FET to provide a back-gate functionality for the FET.

58. The RF device of claim 57 wherein the contact layer is separated
from the FET by a selected distance to provide the back-gate functionality for the
FET.

59. The RF device of claim 58 wherein the selected distance between
the FET and the contact layer is achieved by a selected thickness of the insulator

layer.

60. The RF device of claim 1 wherein the contact layer is configured to

assist in depletion of or increase in charge in an active channel of the FET.

61. The RF device of claim 1 wherein the contact layer is implemented

to include an area that is generally below the FET.
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62. The RF device of claim 61 wherein the contact layer has a

rectangular shape.

63. The RF device of claim 62 wherein the rectangular shape of the

contact layer includes at least some overlap with a gate of the FET.

64. The RF device of claim 61 wherein the contact layer has a non-
rectangular shape selected to provide a desired overlap with one or more
portions of the FET.

65. The RF device of claim 1 wherein the contact layer includes one or

more openings.

66. The RF device of claim 65 wherein the one or more openings of the
contact layer are dimensioned to accommodate corresponding doped regions of

the substrate layers.

67. The RF device of claim 1 wherein the RF device is a switch device.

68. A method for fabricating a radio-frequency (RF) device, the method
comprising:
forming or providing an assembly that includes a field-effect
transistor (FET) over a first side of an insulator layer; and
forming a contact layer on a second side of the insulator layer to

allow adjustment of RF performance of the FET.
69. The method of claim 68 further comprising attaching a handle layer
to the second side of the insulator layer such that the contact layer is between the

insulator layer and the handle layer.

70.  The method of claim 69 wherein the handle layer is a replacement

handle wafer layer.
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71.  The method of claim 68 wherein the insulator layer is a part of a
silicon-on-insulator (SOI) substrate that includes the insulator layer between an
active silicon layer and a substrate layer, such that the FET is formed or provided

from the active silicon layer.

72. The method of claim 71 further comprising attaching an upper

handle layer to the active silicon layer prior to the forming of the contact layer.

73.  The method of claim 72 further comprising removing the substrate
layer of the SOI substrate to at least partially expose a surface of the insulator

layer prior to the forming of the contact layer.

74.  The method of claim 73 wherein the forming of the contact layer

includes forming the contact layer on the exposed surface of the insulator layer.

75.  The method of claim 74 further comprising attaching a lower handle
layer to the second side of the insulator layer such that the contact layer is

between the insulator layer and the lower handle layer.

76. The method of claim 75 further comprising forming an interface
layer on the second side of the insulator layer prior to the attaching of the lower

handle layer.

77. The method of claim 75 further comprising removing the upper

handle layer from the active silicon layer.

78.  The method of claim 68 further comprising forming one or more
conductive features through the insulator layer to provide an electrical connection

to the contact layer.

79. A method for fabricating a silicon-on-insulator (SOI) device, the
method comprising:
forming or providing an SOl wafer having an insulator layer

between a front side and a back side;
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forming a conductive feature through the insulator layer;

mounting a carrier on the front side of the SOI wafer,;

removing some or all of an original handle layer from the back side
of the SOI wafer to yield an exposed surface that includes an exposed
portion of the conductive feature;

forming a contact layer on the exposed surface and in electrical
contact with the exposed portion of the conductive feature; and

mounting a replacement handle layer over the contact layer.

80. The method of claim 79 further comprising forming a field-effect

transistor (FET) over the insulator layer prior to the mounting of the carrier.

81. The method of claim 79 further comprising forming an interface
layer on the exposed surface to facilitate the mounting of the replacement handle

layer.

82. A silicon-on-insulator (SOI) device comprising a field-effect
transistor (FET) and a back-gate implemented between an insulator layer and a

substrate layer.

83. The SOl device of claim 82 wherein the back-gate includes a

conductive layer implemented on a back side of the insulator layer.

84. The SOI device of claim 82 wherein the FET is configured as a

radio-frequency (RF) switch.

85.  Aradio-frequency (RF) switch device comprising:

a die including a substrate layer and an insulator layer implemented
over the substrate layer;

an RF core implemented on the die, the RF core including a
plurality of field-effect transistors (FETs) configured to provide switching
functionality;

an energy management (EM) core implemented on the die, the EM

core configured to facilitate the switching functionality of the RF core; and
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a pattern of one or more conductive layers implemented under the
insulator layer, the pattern implemented relative to a circuit element

associated with the RF switch device.

86. The RF switch device of claim 85 wherein the die is a silicon-on-
insulator (SOI) die.

87. A method for fabricating a radio-frequency (RF) switch device, the
method comprising:

providing or forming a die including a substrate layer and an
insulator layer implemented over the substrate layer;

implementing an RF core on the die, the RF core including a
plurality of field-effect transistors (FETs) configured to provide switching
functionality;

implementing an energy management (EM) core on the die, the EM
core configured to facilitate the switching functionality of the RF core; and

forming a pattern of one or more conductive layers under the
insulator layer, the pattern implemented relative to a circuit element

associated with the RF switch device.

88. The method of claim 87 wherein the die is a silicon-on-insulator
(SOI) die.

89.  Aradio-frequency (RF) module comprising:

a packaging substrate configured to receive a plurality of devices;
and

a switching device mounted on the packaging substrate, the
switching device including a field-effect transistor (FET) implemented over
an insulator layer, the switching device further including a contact layer
implemented under the insulator layer to adjust RF performance of the
FET.

90. The RF module of claim 89 wherein the insulator layer is a part of a

silicon-on-insulator (SOI) substrate.

-64 -



WO 2016/183146 PCT/US2016/031773

91. The RF module of claim 90 wherein the SOI substrate includes the

insulator layer between an active silicon layer and a substrate layer.

92. The RF module of claim 91 further comprising one or more
conductive features implemented through the insulator layer to provide an

electrical connection to the contact layer.

93. The RF module of claim 92 wherein the contact layer is
implemented at or near an interface between the insulator layer and the substrate

layer.

94. The RF module of claim 89 wherein the RF module is a switching

module.

95.  Aradio-frequency (RF) switch module comprising:

a packaging substrate configured to receive a plurality of devices;
and

a switch die mounted on the packaging substrate, the switch die
including an insulator layer, the switch die further including an RF core
having a plurality of field-effect transistors (FETs) implemented over the
insulator layer and configured to provide switching functionality, the switch
die further including an energy management (EM) core configured to
facilitate the switching functionality of the RF core, the switch die further
including a pattern of one or more conductive layers implemented under
the insulator layer, the pattern implemented relative to a circuit element

associated with the RF switch device.

96. The RF switch module of claim 95 wherein the switch die includes a

silicon-on-insulator (SOI) substrate.

97. The RF switch module of clam 96 wherein the switching
functionality includes an M-pole-N-throw (MPNT) functionality, each of the

quantities M and N being a positive integer.
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98. The RF switch module of claim 97 wherein the MPNT functionality
includes a single-pole-double-throw (SPDT) functionality, the single pole
configured as an antenna node, each of the double throws configured as a node
for a signal path capable of either or both of transmit (Tx) and receive (Rx)

operations.

99. The RF switch module of claim 97 wherein the MPNT functionality
includes a double-pole-double-throw (DPDT) functionality, each of the double
poles configured as an antenna node, each of the double throws configured as a
node for a signal path capable of either or both of transmit (Tx) and receive (Rx)

operations.

100. A wireless device comprising:

a transceiver configured to process radio-frequency (RF) signals;

an RF module in communication with the transceiver, the RF
module including a switching device having a field-effect transistor (FET)
implemented over an insulator layer, the switching device further including
a contact layer implemented under the insulator layer to adjust RF
performance of the FET; and

an antenna in communication with the RF module, the antenna

configured to facilitate transmitting and/or receiving of the RF signals.

101. A wireless device comprising:

a transceiver configured to process radio-frequency (RF) signals;

an RF module in communication with the transceiver, the RF
module including a switch die having an insulator layer, the switch die
further including an RF core having a plurality of field-effect transistors
(FETs) implemented over the insulator layer and configured to provide
switching functionality, the switch die further including an energy
management (EM) core configured to facilitate the switching functionality
of the RF core, the switch die further including a pattern of one or more

conductive layers implemented under the insulator layer, the pattern
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implemented relative to a circuit element associated with the RF switch
die; and
an antenna in communication with the RF module, the antenna

configured to facilitate transmitting and/or receiving of the RF signals.
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