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(57) Abstract: A wideband low power active isolator that may operate with a low voltage supply and provide improved linearity and
insertion loss is described. The active isolator includes parallel connected common gate amplifier and common drain amplifier that
are implemented using active transistors. A RF choke configured to suppress RF signal is coupled between input to the common gate
amplifier and the ground such that the common gate amplifier also functions as a current source biasing the common drain amplifier.
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WIDEBAND LOW POWER ACTIVE ISOLATOR

Related Application

[0001] The present application claims the benefit of and priority to United
States Non-Provisional Patent Application Ser. No. 17/067,522, filed October 9,
2020, entitled “"Wideband Low Power Active Isolator.”

Technical Field

[0002] The present disclosure relates to electronic circuits, and in
particular active isolators for radio frequency (RF) circuits.

Backaround

[0003] Typically, cascaded components of RF systems introduce impedance
mismatch that may cause in-band amplitude and phase ripple, and reduced gain.
Accordingly, to ameliorate the ill effects of impedance mismatch, impedance
transformation are needed for maximum power transfer within the system.
Impedance transformation can be achieved with matching networks or isolators.
In integrated circuits (IC)’s where passive components commonly used in
matching networks are typically more lossy, isolators may be the preferred

choice for impedance transformation.

[0004] An isolator may be a passive device implemented from a ferrite
three-port circulator where one of the ports is terminated with matched
impedance. However, for high frequency applications, such as those in the
hundred-gigahertz range, the size of the magnets and ferrites becomes
unworkable and very costly. With the advent of semiconductor technology, it is
now feasible to construct compact active isolators that are well suited for RF
applications at the expense of power consumption. Additionally, in order to
achieve compact integration with wideband performance, active isolators with
low power consumption are preferable to their passive counterparts.

[0005] The current technological trend towards smaller circuitry requires
smaller transistors with lower breakdown voltages to operate at lower voltages,
particularly as supply voltages are tending to decrease (e.g., to 1V or less).
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Current isolator topologies may require higher supply voltage to maintain
transistors in desired operating conditions and at low power supplies may result
in degraded power loss and linearity, or alternatively they rely on passive
elements that render circuits larger in size and lossy with poor bandwidth.

[0006] Accordingly, there is a need for an improved active isolator having
wideband performance with improved linearity and less power loss at low power
supplies.

Summary of the Invention

[0007] In one aspect, the present disclosure provides an active isolator
circuit having an input and an output, the active isolator circuit comprising: a
first transistor configured as a common gate amplifier; a second transistor
configured as a common drain amplifier, wherein the common gate amplifier and
the common drain amplifier are parallel connected between the input and the
output; and a RF signal blocking device coupled between an input terminal of the
common gate amplifier and a ground, the RF signal blocking device configured to
suppress RF signals such that the common gate amplifier also functions as a

current source biasing the common drain amplifier via an output terminal.

[0008] In another aspect, the present disclosure provides a method of
providing an active isolator circuit, the method comprising: providing a first
transistor configured as a common gate amplifier; providing a second transistor
configured as a common drain amplifier, parallel connecting the common gate
amplifier and the common drain amplifier between an input of the active isolator
circuit and an output of the active isolator circuit; and connecting an RF signal
blocking device between the input of the active isolator circuit and a ground, the
RF signal blocking device being configured such that the common gate amplifier
also functions as a current source biasing the common drain amplifier.

[0009] In any of the above aspects, a source of the first transistor and a
gate of the second transistor may be coupled to the input to receive an input
signal; and a drain of the first transistor and a source of the second transistor
may be coupled to the output to produce an output signal.
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[0010] In any of the above aspects, a gate of the first transistor may be
biased with a first DC voltage source, and the gate of the second transistor is
biased with a second DC voltage source.

[0011] In any of the above aspects, the RF signal blocking device may be a
degenerative inductor.

[0012] In any of the above aspects, the degenerative inductor may be
configured such that a self-resonance frequency value of the degenerative
inductor is twice a maximum operating frequency value.

[0013] In any of the above aspects, the degenerative inductor may be one
of a planar spiral, air core, iron core, ferrite core, Bobbin-based, toroidal core,
gapped core, cut core, and multi-core inductor.

[0014] In any of the above aspects, the gate of the second transistor may
be coupled to the input through a DC blocking capacitor.

[0015] In any of the above aspects, the RF signal blocking device may be a
part of an input impedance matching network.

[0016] In any of the above aspects, the first DC voltage source and the
second DC voltage source may be equal to a DC power supply of VDD.

[0017] In any of the above aspects, the first and second transistors may
be powered by a DC voltage supply VDD of 1V or less.

[0018] Any of the above aspects may further comprise biasing a gate of
the first transistor with a DC voltage source; and biasing a gate of the second
transistor with a DC voltage source.

[0019] Any of the above aspects may further comprise providing an input
impedance matching network that includes the RF signal blocking device.

[0020] Any of the above aspects may further comprise coupling a gate of
the second transistor to the input through a DC blocking capacitor.

3
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[0021] Any of the above aspects may further comprise implementing the
RF signal blocking device with a degenerative inductor. At least some of the
above aspects may advantageously provide an active isolator for wideband
performance that exhibits improved linearity and capable of operating at lower
power supply with less loss.

Brief Description of the Drawings

[0022] FIG. 1 shows a schematic diagram of an example wireless

communication device in which example isolators described herein may be used;
[0023] FIG. 2A shows a schematic diagram of a prior art hybrid isolator;

[0024] FIG. 2B shows a plot of measured and simulated narrowband
insertion loss and reverse isolation of the isolator in FIG. 2A;

[0025] FIG. 3A shows a schematic diagram of a prior art active isolator;
[0026] FIG. 3B shows a S-parameter simulation plot of the isolator in FIG.
3A;

[0027] FIG. 4 shows a schematic diagram of an example disclosed active
isolator;

[0028] FIG. 5 shows a simplified planar spiral inductor model of the

degenerative inductor in FIG. 4;

[0029] FIG. 6 shows simulated insertion loss plots of the isolator in FIG. 4
compared to that of the isolator in FIG. 3A;

[0030] FIG. 7 shows simulated OP1dB plots of the isolator in FIG. 4
compared to that of the isolator in FIG. 3A; and

[0031] FIG. 8 shows simulated isolation plots of the isolator in FIG. 4
compared to that of the isolator in FIG. 3A.

[0032] Similar reference numerals may have been used in different figures
to denote similar components.
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[0033] An isolator is typically a two-port device that allows RF energy to
pass unidirectionally from one port to the next with unity gain and little insertion
loss but prevents signal reflection in the reverse direction with a high isolation.
Accordingly, isolators are well suited for impedance transformation by
minimizing signal reflection typically found between cascaded components that
have different impedances commonly found in various multi-state

communication devices, including wired or wireless communication devices.

[0034] FIG. 1 shows a schematic diagram of an example wireless
communication device 100, in which example isolators described herein may be
used. Examples of the isolators described herein may be used in cascaded
circuitry components such as filter(s), amplifier(s), and splitter(s) of the wireless
communication device 100. For example, the wireless communication device 100
may be an electronic device, such as a user equipment (UE) or a base station, in
a wireless communication network. The wireless communication device 100 may
be used for communications within 5G communication networks or other
wireless communication networks. Other communication devices (including
communication devices for wired or wireless communications) may also be
suitable for implementing examples described herein, and which may include
components different from those described with respect to FIG. 1. Although FIG.
1 shows a single instance of each component, there may be multiple instances of
each component in the wireless communication device 100. The wireless
communication device 100 may be implemented using parallel and/or distributed
architecture.

[0035] The wireless communication device 100 may include one or more
processing devices 105, such as a processor, a microprocessor, an application-
specific integrated circuit (ASIC), a field-programmable gate array (FPGA), a
dedicated logic circuitry, or combinations thereof. The wireless communication
device 100 may also include one or more optional input/output (I/O) interfaces
110, which may enable interfacing with one or more optional input devices 135
and/or output devices 170. The wireless communication device 100 may include

5
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one or more network interfaces 115 for wired or wireless communication with a
network (e.g., an intranet, the Internet, a P2P network, a WAN and/or a LAN,
and/or a Radio Access Network (RAN)) or other node. The network interface(s)
115 may include one or more interfaces to wired networks and wireless networks.
Wired networks may make use of wired links (e.g., Ethernet cable). Wireless
networks, where they are used, may make use of wireless connections over a
plurality of antennas 175. The network interface(s) 115 may provide wireless
communication via one or more transmitters or transmit antennas and one or
more receivers or receive antennas, for example. The network interface(s) 115
may further comprise circuitry including filter(s), amplifier(s), and splitters(s) to
further process signals to be transmitted or received signals. An active isolator,
as disclosed herein, may be used to provide impedance transformation in any
cascaded circuitry components or multi-stage circuitry where impedance
mismatch may be present. In this example, a plurality of antennas 175 is shown.
The plurality of antennas 175 may serve as an antenna array. In other examples,
the wireless communication device 100 may use one antenna 175, which may
provide both receiving and transmitting functions. The wireless communication
device 100 may also include one or more storage units 120, which may include a
mass storage unit such as a solid state drive, a hard disk drive, a magnetic disk
drive and/or an optical disk drive.

[0036] The wireless communication device 100 may include one or more
memories 125 that can include a physical memory 140, which may include a
volatile or non-volatile memory (e.g., a flash memory, a random access memory
(RAM), and/or a read-only memory (ROM)). The non-transitory memory(ies)
125 (as well as storage 120) may store instructions for execution by the
processing device(s) 105. The memory(ies) 125 may include other software
instructions, such as for implementing an operating system (0OS), and other
applications/functions. In some examples, one or more data sets and/or modules
may be provided by an external memory (e.g., an external drive in wired or
wireless communication with the wireless communication device 100) or may be
provided by a transitory or non-transitory computer-readable medium. Examples
of non-transitory computer readable media include a RAM, a ROM, an erasable
programmable ROM (EPROM), an electrically erasable programmable ROM
(EEPROM), a flash memory, a CD-ROM, or other portable memory storage.
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[0037] There may be a bus 130 providing communication among
components of the wireless communication device 100. The bus 130 may be any
suitable bus architecture including, for example, a memory bus, a peripheral bus
or a video bus. Optional input device(s) 135 (e.g., a keyboard, a mouse, a
microphone, a touchscreen, and/or a keypad) and optional output device(s) 170
(e.g., a display, a speaker and/or a printer) are shown as external to the
wireless communication device 100, and connected to optional I/0 interface 110.
In other examples, one or more of the input device(s) 135 and/or the output
device(s) 170 may be included as a component of the wireless communication
device 100.

[0038] The isolator described herein may be included as a component of
the wireless communication device 100, for example as a component of a
cascaded filter, cascaded amplifier, or a cascaded splitter for
receiving/transmitting wireless signals using the antennas 175.

[0039] To assist in understanding the present disclosure, some examples

of prior art isolator designs are discussed. Some of the existing architectures of
active isolators uses a hybrid approach that incorporates both active and passive
elements. FIG. 2A is a schematic diagram of an example prior art isolator 20, as
described in “Design and Analysis of 24-GHz Active Isolator and Quasi-Circulator”
by J. Chang et al. (IEEE Transactions on Microwave Theory and Techniques, Aug.
2015, pp. 2638-2648, Vol. 63, No. 8), [Chang] the disclosure of which is
expressly incorporated by reference in its entirety. In this example, isolator 20 is
a hybrid implementation using a passive directional coupler 22 for forward

transmission and active common source (CS) amplifier 24 for reverse isolation.

[0040] As can be appreciated, with the presence of a single transistor
means the isolator circuit presented in Chang may be compatible with low power
supply. In Chang, it was disclosed a 1.5 um transistor biased at 1.2V V4 with a
Vg of 0.65V was selected to implement the CS amplifier 24. However, the
disclosed hybrid isolator exhibits narrow fractional bandwidth. FIG. 2B (Fig. 16(a)
of Chang) is a plot of measured and simulated narrowband insertion loss and
reverse isolation of isolator 20. As may be observed from FIG. 2B, at a center
frequency of 24.2GHz, the frequency bandwidth with 20 dB reverse isolation is

7
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about 250MHz (~1%). The bandwidth with 15 dB isolation is approximately
500MHz, or approximately 2%. Additionally, the disclosed hybrid isolator 20 may
also suffer from higher cost of fabrication and increased size due to the presence
of the passive elements including the 670 ym x 5 pm directional coupler 22.

[0041] Other isolator circuits may use multiple (e.g. three or more)
transistors which require a higher power supply in order to maintain the
transistors in desired operating conditions. FIG. 3A is a schematic diagram of an
example prior art isolator 30, as described in “Wideband active microwave
isolators using GaAs MMIC technology” by D.G. Haigh (IEEE Proceedings -
Microwave Antennas and Propagation, April 1996, pp. 179-183, Vol. 143, No. 2.)
[Haigh], herein expressly incorporated by reference in its entirety. In this
example, three FET transistors 32, 34, and 36 are configured in a stacked
configuration between a 6V supply voltage 38 and a ground 40. The prior art
isolator exhibits wideband capability as the -3dB bandwidth of the isolator 30
may be discerned from the S, plot 42 in FIG. 3B, which shows the S-parameter
simulation plot of the isolator 30.

[0042] However, current technological trend towards smaller circuitry using
smaller transistors means lower breakdown voltages and operating at lower
voltages, particularly as supply voltages are tending to decrease (e.g., 0.55V for
14 nanometer (nm) processes and below). Transistors in the above incorporated
reference may have insufficient headroom to maintain the transistors in the
desired operating conditions, which in turn may result in degraded power loss
and linearity. For example, for a 0.55V power supply each of the three stacked
transistors may be operating at a knee voltage of 0.23V in the triode region for
higher current, where the knee voltage is defined as the value of Vps beyond
which the drain current I no longer increase linearly to the increase of Vps.
Operating at the knee voltage or triode region may exacerbates the degradation
in linearity and power loss of the device.

[0043] FIG. 4 is a schematic diagram of an example disclosed wideband
low power active isolator 400 in accordance with the present disclosure, which
may address at least some of the drawbacks of the prior art isolators discussed
above. In the illustrated embodiment, the isolator 400 is operably coupled

8
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between an input terminal 402 and an output terminal 404. The isolator 400 is
connected between positive supply voltage Vpp 406 and negative supply voltage
or ground 408. The Vpp 406 may be dependent on the IC process. By way of
non-limiting examples, a 28nm process IC may operate with a Vpp of 1.0V. As
another example, a 14nm process IC may operate with a Vpp 0.55V supply
voltage. As it may be understood by a person skilled in the art, the IC process
dictates the size of the transistor, and hence the threshold voltage (Vi) of the
transistor, which is defined as the minimum gate-to-source voltage Vgs that is
needed to create a conducting path between the source and drain terminals. By
way of non-limiting examples, the Vy, for some 14nm process IC and some 28nm
process IC may be 0.35V and 0.42V, respectively.

[0044] The isolator 400 comprises a first transistor 410 and a second
transistor 412. Although example embodiments described herein may comprise
field effect transistors (FETSs), it is to be understood that other embodiments of
the circuit described herein may comprise bipolar transistors or high electron
mobility transistors (HEMT's), complementary metal-oxide-semiconductor
(CMOS5), or any other similar devices.

[0045] In the illustrated embodiment, the first transistor 410 is configured
as a common-gate (CG) amplifier where the gate terminal is coupled to a first
direct current (DC) bias voltage source Vyizs: 414 at node 416. As shown, the
input terminal 402 is coupled to the source terminal of the transistor 410 at
node 418 and the output terminal 404 is coupled to the drain terminal of the
transistor 410 at node 420.

[0046] The DC voltage source Vpias1 414 serves as an alternating current
(AC) ground. The Vpias1 414 may ensure the first transistor 410 remains in the
saturation region of the transistor. Further, as the gate voltage of the transistor
410, the Vpias1 414 is responsible for setting the Ips current value passing
through the first transistor 410 from its drain terminal to its source terminal.
Thus, the first transistor 410 effectively functions as a current source to the
source terminal of the second transistor 412 as Ips of the first transistor sets the
current to the source terminal of the second transistor 412 at node 420. In some
embodiments, the V.51 414 is of the same voltage value as the Vpp 406. In

9
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some other embodiments, Vbiasl 414 may be determined in accordance with
Equation (1):

Vbiasl = Vthl + ZlbiasRin Equation (1)

[0047] Where V1 is the threshold voltage of transistor 410, R;, is the input
impedance as seen by the isolator 400, I, is the biasing current, which, in
some embodiments, is the Ips current of the first transistor. In some
embodiments, the I, may be application specific based on a power dissipation

restriction.

[0048] In the illustrated embodiment, a resistance 422 represents the
output resistance of the voltage source Vpias1 414, which provides the biasing
voltage. The value of resistance 422 may range from 1Q to 100k<Q.

[0049] A capacitor 424 is coupled between node 416 and the ground 408,
which also serves as an AC ground. The capacitor 424 is configured to ensure
that the gate terminal of the first transistor 410 of the common gate amplifier is
at an AC ground, especially for large values of voltage source resistance 422 (i.e.
greater than 10Q). In some embodiments, the capacitance value of the capacitor

424 (C) is frequency dependent and may be determined as C = %, where fis

the minimum operating frequency, for sufficient bypass to the ground 408
regardless of the value of resistance 422. In some embodiments, the
capacitance of capacitor 424 may be decreased if the resistance 422 is small. In
some embodiments, value of resistance 422 and capacitor 424 may be selected
such that they satisfy Equation (2):

|R422|| anjc < 20 Equation (2)
[0050] In the illustrated embodiment, the second transistor 412 is

configured as a common-drain (CD) amplifier where the gate terminal is coupled
to a second bias DC voltage source Vpias> 426. As shown, the drain terminal of
the second transistor 412 is coupled to the supply voltage Vpp 406. The source
terminal of transistor 412 is coupled to the output terminal 404 via node 420.

10
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[0051] The resistance 428 is the output resistance of the DC voltage
source Vyias> 426 that provides the DC bias voltage. Unlike resistance 422,
resistance 428 is typically large to ensure that the AC signal applied to the gate
of the transistor 412 is not shorted to ground. In some embodiments, the
resistance 428 may have values of greater than 1kQ.

[0052] In some embodiments, the value of Vy,s; 426 falls within the
following range to ensure that both transistors remain in the saturation mode of
operation: Vg, + Vg — Vi, < Vpigsa < Vpp, Where Vgg; and Vg, are the gate source
voltages of the first (410) and second (412) transistors respectively, and Vy, is
the threshold voltage which is identical for both transistors in the illustrated
embodiment. This may ensure that both transistors remain in the saturation
mode of operation. In some embodiments, with the V. may be the same
voltage value as the Vpp 406 since it would provide the highest voltage
headroom for linearity operation for the CG transistor 410.

[0053] Generally, the biasing voltages from DC voltage sources 414 and
426 may be adjusted up to a maximum voltage that is equal to the supply
voltage Vpp 406 to ensure the transistors 410 and 412 are operating in the linear
region and to vary the bias current of the transistors. By changing the supply
voltage Vpp 406 to the isolator 400, the maximum drain-source voltage (Vps) of
each of the FETs 406 and 408 may be increased or decreased, which may vary
the operating region of the FETs depending on the process size. In some
embodiments, the supply voltage Vpp 406 is set to be the maximum voltage of
the circuit in which the isolator 400 is implemented.

[0054] The gate terminal of the CD amplifier transistor 412 is coupled to
the input 402 through a DC blocking capacitor 430. The capacitor 430 may allow
the input signal from input 402 to be applied to both the CD and the CG
transistors 410 and 412 while ensuring they are separately biased. The
capacitance value of the capacitor 430 may also be frequency dependent. In

some embodiments, the capacitance C of 430 is ~ %, where fis the minimum

operating frequency.

[0055] As shown, the input, or source terminal of the CG amplifier
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transistor 410, and the input, or gate terminal the CD amplifier transistor 412,
are both coupled to input 402 at node 418. The output, or the drain terminal of
the CG amplifier transistor 410, along with the output, or the source terminal of
the CD amplifier transistor 412, are both coupled to the output 404 through

node 420. Thus, the transistors 410 and 412 are parallel connected between
nodes 418 and 420, which may yield an ideal small-signal isolation characteristic.
Specifically, an ideal small-signal isolator is practically a two-port network that
may provide forward unity gain, reverse gain of zero, and perfect matching at
both ports, which in terms of S and Y parameters may be expressed as follows:

10 0 [ G 0 ,
S, = [1 0] andY; = [—ZGO Go] Equations (3)
[0056] Where conductance G, may be 20 milli-Siamens {mS) assuming a

50Q system. In cases where Equations (3) are implemented using transistors,
the small signal currents at each of the transistor terminals, namely gate, source,
and drain, may be approximated as:

Iy =BV —Vy)’

I, =—1, Equations (4)
I, =0
[0057] Where 14, I, and 14 are drain, source, and gate currents,

respectively. Parameter Vgs is the gate-source voltage, B is a constant based on
channel length, channel width, electron mobility u, and oxide capacitance Cy,
and Vs is the threshold voltage of the transistor. For the purpose of small signal
analysis, Equations (4) may be linearized and represented by the indefinite
admittance matrix in Equation (5) below as:

ig 0 0 011w
[is] = [—Gm G 0] [vs] Equation (5)
lg Gm _Gm 01lva
[0058] Where G, is small-signal transconductance, which equals is/vgs,

which in turn equals dl4/dVgs. From Equation (5) above, the admittance matrix of
the CG transistor, which has a grounded v4 of 0, may be obtained by deleting
the first row and the first column of the admittance matrix in Equation (5).
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Similarly, the admittance matrix of the CD transistor, which has a grounded v4 of
0, may be obtained by deleting the third row and the third column of the
admittance matrix in Equation (5). The resulting admittance matrices for the CG
and CD transistors are expressed as follows:

Yoo = [_G’G”’lm 8] and Y¢p = [_gm G?n] Equations (6)

[0059] As may be observed, the admittance matrix for an isolator as
expressed in Equations (3) may be realized by a parallel connected CG and CD
transistors where G,, = G, for both transistors.

[0060] In the illustrated embodiment, an RF signal blocking device in the
form of a degenerative inductor 432 is coupled between the node 418 and the
ground 408 to prevent the input signal from input 402 from shorting into the
ground 408. By presenting a high AC impedance, the degenerative inductor 432
may be configured as an RF choke, which chokes off or suppresses high-
frequency AC signals, such as an RF input signal, and allows the passage of low
frequency and DC signals. Hence, the input signal from input 402 is forced onto
the input of the CG amplifier transistor 410.

[0061] The inductance of the degenerative inductor 432 is dependent on
the operating frequency range of the isolator 400. In the illustrated embodiment,
the degenerative inductor 432 can be realistically modelled by a simplified planar
spiral inductor model 500 shown in FIG. 5. In the inductor model 500,
inductance 502 (L) is the desired inductance which may depend on the inner
diameter, trace metal width, turn spacing, and number of turns of the
degenerative inductor 432. Resistance 504 (R;) is the parasitic resistance of the
inductor which depends on the metal thickness, inductor length, and trace metal
width of the degenerative inductor 432. Capacitance 506 (C;) is a parasitic
capacitance which depends on the trace metal width, metal thickness, turn
spacing, and number of turns of the degenerative inductor 432. Based on the
simplified model 500, the degenerative inductor 432 only behaves like an
inductor up to its self-resonance frequency (SRF) after which its parasitic
capacitance dominates its functionality. The SRF may be expressed as per
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Equation (7):

1

SRF =2 =— Equation(7
[0062] Where f,,,,, is the maximum operation frequency. Based on

Equation (7), the value of the RF signal blocking device may be characterized in
terms of its SRF as follows:

1

=— Eqguation(8
167 f gy o auation(®)

S

[0063] It is to be understood that the value of parasitic capacitance 506
(Cw) may vary depending on IC process parameters such as metal thickness,
minimum trace metal width, and minimum turn spacing. Further, other
parameters including the number of turns in an inductor coil may be dependent
on specific inductor designs. Consequently, the value of the parasitic capacitance
506 (C,) varies depending the IC process being used and the specific inductor
design. In some embodiments, the value of the RF blocking device can be
universally set in any IC process by increasing the value of L; 502, which may
result in an increased associated parasitic capacitance C, until the combination
of Ls and C, yield a SRF value that is approximately twice the value of maximum
operating frequency f,ax. By way of a non-limiting example, for an operating
bandwidth between 30GHz and 60GHz, the degenerative inductor 432 may be
300nH for use in combination with a 28nm-process IC.

[0064] In some embodiments where minimal sizing is preferred, the
degenerative inductor 432 may be kept to the minimum value that is sufficient
to block RF signals in the operating frequency band. Any suitable types of
inductors, including planar spiral, air core, iron core, ferrite core, Bobbin-based,
toroidal core, gapped core, cut core, multi-core, may be used to implement the
degenerative inductor 432. It is to be understood that although a degenerative
inductor 432 is described herein, any other RF signal blocking device may also
be used to implement the RF choke.
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[0065] Input impedance matching network 434 and output impedance
matching networking 436 are configured to provide impedance matching
between the isolator 400 and its input signal source (not shown) and its output
load (not shown), respectively, to avoid impedance mismatch and any resulting
return/reflection losses with the input device and output load. The impedance
matching networks 434 and 436 may each include a combination of one or more
inductors (434A, 436A) and one or more capacitors (434B, 436B) as shown in
FIG. 4. In some embodiments, the input and output impedance matching
networks 434 and 436 may include one or more of series inductors, parallel
capacitors, or any other suitable configuration. In some embodiments, the
degenerative inductor 432 may be seen from the input and may form part of the
input impedance matching network 434.

[0066] FIG. 6 shows simulated insertion loss plots of the isolator 400
compared to that of isolator 30 of FIG. 3A. As may be observed in FIG. 6, in the
frequency band of 30 GHz to 60 GHz, the insertion loss plot 602 of the isolator
400 exhibits, on average, approximately a 0.9 dB improvement when compared
to the insertion loss plot 604 of the isolator 30. Insertion loss measures the
amount of signal loss by comparing the input signal power to the output signal
power. Thus, having a better insertion loss profile means that the isolator 400 is
less lossy than isolator 30.

[0067] FIG. 7 shows simulated plots of the 1 dB output compression point
(OP1dB) of the isolator 400 compared to that of isolator 30 of FIG. 3A. The
OP1dB is defined as the output power level at which the gain decreases 1 dB
from its constant value. When the gain compression exceeds 1 dB, the circuit
may be said to no longer exhibit linearity. As may be observed in FIG. 6, in the
frequency band of 30 GHz to 60 GHz, the OP1dB plot 702 of the isolator 400
exhibits, on average, approximately a 2.5 dB higher OP1dB when compared to
the OP1dB plot 704 of the isolator 30. In other words, the isolator 400 has
increased linearity.

[0068] FIG. 8 shows simulated isolation plots of the isolator 400 compared
to that of isolator 30 of FIG. 3A. As may be observed in FIG. 8, the isolation 802
of the isolator 400 is approximately 1 dB worse at the center frequency (i.e.
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approximately 45 GHz) compared to isolation 804 of isolator 30. In some
embodiments, a 1 dB lower isolation may result in a power loss of approximately
0.016 dB, which may be an acceptable tradeoff given the improvement in
linearity and insertion loss described above. As it may be observed, the rate of
isolation degradation as a result of increasing frequency is lower for isolator 400
compared to that of isolator 30 to the point where isolator 400 exhibits slightly
higher isolation than isolator 30 towards the upper bound of the octave
bandwidth near 60 GHz.

[0069] Accordingly, the disclosed active isolator may provide increased
linearity by having a higher output OP1dB compared to at least some of the prior
art isolators.

[0070] Additionally, the disclosed active isolator may provide a lower
insertion loss at least in part due to the transistors employed therein operating
within the saturation region of the transistors.

[0071] Furthermore, the effective complexity, which is a measure of the
information content of the regularities of the disclosed active isolator, may
remain unchanged from at least some of the prior art isolators, such as isolator
30 in FIG. 3A. This is at least in part due to the removal of an active component
(i.e. a transistor) and the addition of a passive element (i.e. a degenerative
inductor).

[0072] In some example embodiments, the disclosed active isolator may
have low power consumption compared to that of the prior art isolators. By way
of an example, using 28 nm process IC’s with a 1V Vpp, power consumption of
the disclosed active isolator may be approximately 1mW. Accordingly, at least
some embodiments of the disclosed active isolator may be suitable for use in
mobile electronic devices, such as cellular handsets, to isolate mismatched
components with a minimal battery usage penalty.

[0073] In some example embodiments, the disclosed active isolator may
provide improved linearity, decreased insertion loss, and comparable isolation in
the 30 GHz to 60 GHz wide frequency band.
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[0074] In some example embodiments, the disclosed active isolator may
provide improved linearity, decreased insertion loss, and comparable isolation in

wide frequency band while operating with 1V or less Vpp power supply.

[0075] Although the present disclosure describes methods and processes
with action in a certain order, one or more actions of the methods and processes
may be omitted or altered as appropriate. One or more actions may take place
in an order other than that in which they are described, as appropriate.

[0076] Although the present disclosure is described, at least in part, in
terms of methods, a person of ordinary skill in the art will understand that the
present disclosure is also directed to the various components for performing at
least some of the aspects and features of the described methods, be it by way of
hardware components, software or any combination of the two. Accordingly, the
technical solution of the present disclosure may be embodied in the form of a
software product. A suitable software product may be stored in a pre-recorded
storage device or other similar non-volatile or non-transitory computer readable
medium, including DVDs, CD-ROMs, USB flash disk, a removable hard disk, or
other storage media, for example. The software product includes instructions
tangibly stored thereon that enable a processing device (e.g., a personal
computer, a server, or a network device) to execute examples of the methods
disclosed herein.

[0077] The present disclosure may be embodied in other specific forms
without departing from the subject matter of the claims. The described example
embodiments are to be considered in all respects as being only illustrative and
not restrictive. Selected features from one or more of the above-described
embodiments may be combined to create alternative embodiments not explicitly
described, features suitable for such combinations being understood within the
scope of this disclosure.

[0078] All values and sub-ranges within disclosed ranges are also disclosed.
Also, although the systems, devices and processes disclosed and shown herein
may comprise a specific number of elements/components, the systems, devices
and assemblies could be modified to include additional or fewer of such
elements/components. For example, although any of the elements/components
disclosed may be referenced as being singular, the embodiments disclosed
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herein could be modified to include a plurality of such elements/components.
The subject matter described herein intends to cover and embrace all suitable
changes in technology.
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CIAIMS

1. An active isolator circuit having an input and an output, the active isolator
circuit comprising:
a first transistor configured as a common gate amplifier;

a second transistor configured as a common drain amplifier,

wherein the common gate amplifier and the common drain amplifier are
parallel connected between the input and the output; and

a RF signal blocking device coupled between an input terminal of the
common gate amplifier and a ground, the RF signal blocking device configured to
suppress RF signals such that the common gate amplifier also functions as a
current source biasing the common drain amplifier via an output terminal.

2. The active isolator circuit of claim 1, wherein

a source of the first transistor and a gate of the second transistor are
coupled to the input to receive an input signal; and

a drain of the first transistor and a source of the second transistor are
coupled to the output to produce an output signal.

3. The active isolator circuit of claim 2, wherein a gate of the first transistor is
biased with a first DC voltage source, and the gate of the second transistor is
biased with a second DC voltage source.

4. The active isolator circuit of any of claims 1 to 3, wherein the RF signal
blocking device is a degenerative inductor.

5. The active isolator circuit of claim 4, wherein the degenerative inductor is
configured such that a self-resonance frequency value of the degenerative
inductor is twice a maximum operating frequency value.

6. The active isolator circuit of claim 4 or 5, wherein the degenerative inductor is
one of a planar spiral, air core, iron core, ferrite core, Bobbin-based, toroidal
core, gapped core, cut core, and multi-core inductor.

7. The active isolator circuit of any of claims 2 to 6, wherein the gate of the
second transistor is coupled to the input through a DC blocking capacitor.

8. The active isolator circuit of any of claims 1 to 7, wherein the RF signal
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blocking device is a part of an input impedance matching network.

9. The active isolator circuit of any of claims 3 to 8, wherein the first DC voltage
source and the second DC voltage source are equal to a DC power supply of Vpp.

10. The active isolator circuit of claim 9, wherein the first and second transistors
are powered by a DC voltage supply Vpp of 1V or less.

11. A method of providing an active isolator circuit, the method comprising:
providing a first transistor configured as a common gate amplifier;
providing a second transistor configured as a common drain amplifier,

parallel connecting the common gate amplifier and the common drain
amplifier between an input of the active isolator circuit and an output of the

active isolator circuit; and

connecting an RF signal blocking device between the input of the active
isolator circuit and a ground, the RF signal blocking device being configured such
that the common gate amplifier also functions as a current source biasing the

common drain amplifier.

12. The method of claim 11, further comprising
biasing a gate of the first transistor with a DC voltage source; and
biasing a gate of the second transistor with a DC voltage source.

13. The method of claim 11 or 12, further comprising providing an input
impedance matching network that includes the RF signal blocking device.

14. The method of any of claims 11 to 13, further comprising coupling a gate of
the second transistor to the input through a DC blocking capacitor.

15. The method of any of claims 11 to 14, further comprising implementing the
RF signal blocking device with a degenerative inductor.
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