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ADAPTIVELY CONTROLLING DRIVE STRENGTH OF MULTIPLEXED
POWER FROM SUPPLY POWER RAILS IN A POWER MULTIPLEXING
SYSTEM TO A POWERED CIRCUIT

PRIORITY APPLICATIONS
[0001] This application claims priority to 1J.S. Provisional Patent Application Serial
No. 62/342,560 filed on May 27, 2016 and entitled “ADAPTIVE DRIVE STRENGTH
REGULATION OF SUPPLY SELECTION CIRCUITS IN A POWER
MULTIPLEXING SYSTEM ”

[0002] This application also claims priority to U.S. Provisional Patent Application
Serial No. 62/459,187 filed on February 15, 2017 and entiled “ADAPTIVELY
CONTROLLING DRIVE STRENGTH OF MULTIPLEXED POWER FROM
SUPPLY POWER RAILS IN A POWER MULTIPLEXING SYSTEM TO A
POWERED CIRCUIT >

[0003] This application also claims priority to U.S. Patent Application Serial No.
15/593,809 filed on May 12, 2017 and entitled “ADAPTIVELY CONTROLLING
DRIVE STRENGTH OF MULTIPLEXED POWER FROM SUPPLY POWER RAILS
IN A POWER MULTIPLEXING SYSTEM TO A POWERED CIRCUIT.”

BACKGROUND
I. Field of the Disclosure

[0004] The technology of the disclosure relates generally to power multiplexing
systems configured to selectively supply power from multiple power rails to operational

circuits.

II. Background
[0005] Circuits are increasingly being designed with power conservation in mind.
This is particularly the case for portable electronic devices that are battery-powered.
Common examples include mobile phones and laptop computers, among others.
Increased power consumption undesirably results in faster battery drainage and shorter
battery life. One method of conserving power is to lower an operating frequency of a

circuit according to the active power equation P = CV’f. However, reducing the
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operating frequency results in lower circuit performance (i.e., speed). Another method
of conserving power is to lower the operating voltage, since generally, active power
reduces quadratically for a given reduction in operating voltage. However, lowering the
operating voltage in a circuit lowers speed performance, which may also be undesirable.
Further, certain cells or components of a circuit may have a minimum operating voltage
below which they will not operate to read and write data, as well as retain data.

[0006] To address the tradeoff between performance and power consumption,
multiple operating voltage domains (“voltage domains’™) are increasingly being provided
in circuits. Circuit paths are provided that pass through multiple voltage domains to
provide different operating voltages to different components of a circuit. Providing
multiple voltage domains allows a lower voltage domain to provide power to
components that do not require minimum voltage levels (o conserve power.
Components that either have a minimum operating voltage for memory operation
functionality or provide critical paths where performance cannot be sacrificed may be
powered by the higher voltage domain. Providing multiple voltage domains also allows
the lower voltage domain to be scaled-down to conserve power during a power
conservation mode, or scaled-up to provide for increased performance (i.e., hyper-
performance), without affecting the operation of the components in the higher voltage
domain.

[0007] In this regard, a power multiplexing system can be employed to selectively
couple a power rail among multiple power rails each having different voltage domains
(i.e., voltage levels) to supply power to a circuit. Figure 1 is a block diagram of such an
exemplary power multiplexing system 100. In the power multiplexing system 100 in
Figure 1, a first supply power rail 102(1) and a second supply power rail 102(2) are
provided. The first sapply power rail 102(1) is configured to provide a first voltage
source 104(1) at a first voltage Vpp). The second supply power rail 102(2) is
configured to provide a second voltage source 104(2) at a second voltage Vppp). The
first and second voltage sources 104(1), 104(2) may be provided by the same or
different power supplies (not shown). For example, the first voltage Vpp, may be 1
Volt (V) and the second voltage Vppp) may be 0.6 V. As an example, the power
multiplexing system 100 may be configured to selectively couple the first supply power

rail 102(1) or the second supply power rail 102(2) to an output power rail 104 coupled
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to a powered circuit 106 based on an operational mode of the powered circuit 106. For
example, if the powered circuit 106 is a memory circuit, such as a memory array in a
processor-based system, the power multiplexing system 100 may be configured to
couple the first supply power rail 102(1) to the output power rail 104 during active
memory operations, and couple the second supply power rail 102(2) to the output power
rail 104 during an idle mode. For example, the second voltage Vpp) may be sufficient
for memory retention in the powered circuit 106.

[0008] With continuing reference to Figure 1, the power multiplexing system 100
includes a first head switch circuit 108(1) in the form of a P-type metal oxide
semiconductor (MOS) (PMOS) transistor 110(1). The PMOS transistor 110(1) is
coupled between the first supply power rail 102(1) and the output power rail 104. The
PMOS transistor 110(1) is configured to be activated and deactivated in response to a
state of a first power rail enable signal 112(1) to couple and decouple, respectively, the
first supply power rail 102(1) o the output power rail 104. The power multiplexing
system 100 also includes a second head switch circuit 108(2), also in the form of a
PMOS transistor 110(2) that is coupled between the second supply power rail 102(2)
and the output power rail 104. The second head switch circuit 108(2) is configured to
selectively couple and decouple the second supply power rail 102(2) to and from the
output power rail 104 in response to a second power rail enable signal 112(2).

[0009] The first and second PMOS transistors 110(1), 110(2) in the first and second
head switch circuits 108(1), 108(2) are sized to provide the desired drive strength to
supply power from the first and second power rails 102(1), 102(2) to the output power
rail 104. However, process voltage temperature (PVT) variations can vary the drive
strength of the first and second PMOS transistors 110(1), 110(2) from their expected
drive strength. The first and second PMOS transistors 110(1), 110(2) can be oversized
and/or additional transistors can be provided in the respective first and second head
switch circuits 108(1), 108(2) to increase drive strength to provide a drive strength
margin in the voltage Vpp), Vopay provided by the first and second voltage sources
104(1), 104(2) on the output power rail 104 when the respective first and second power
rails 102(1), 102(2) are coupled to the output power rail 104. However, increasing drive
strength through providing oversized and/or additional transistors in the power

multiplexing system 100 increases leakage power.
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SUMMARY OF THE DISCLOSURE
[0010] Aspects disclosed in the detailed description include adaptively controlling

drive strength of multiplexed power from supply power rails in a power multiplexing
system to a powered circuit. In exemplary aspects disclosed herein, a power
multiplexing circuit is provided in the power multiplexing system. The power
multiplexing circuit includes a plurality of supply selection circuits each coupled
between a respective supply power rail among a plurality of supply power rails and an
output power rail, which is coupled to a powered circuit. The power multiplexing
circuit is configured to activate a selected supply selection circuit among the plurality of
supply selection circuits to switch the coupling of an associated supply power rail to the
output power rail to power the powered circuit. To provide for the ability to control the
drive strength of an activated supply selection circuit in the power multiplexing circuit,
exemplary aspects disclosed herein also provide for each supply selection circuit in the
power multiplexing circuit to be configured (o selectively drive a voltage {rom an
associated supply power rail to the output power rail at a controlled drive strength based
on a drive strength indicator. In this manner, as an example, the drive strength of the
activated supply selection circuit can be adaptively controlled and adjusted to
compensate for process voltage temperature (PVT) variations to reduce drive strength
margin, and thus leakage power as a result.

[0011] As one example, a power multiplexing system can be provided that is
configured to adaptively control the drive strength of multiplexed power from a logic
supply power rail and a memory supply power rail in multiple voltage domains to a
memory array as a powered circuit. Power from the memory supply power rail is
multiplexed to the memory array for data retention when the voltage of the logic supply
power rail may not be sufficient to power the memory array for data retention. The
power multiplexing circuit includes a logic supply selection circuit configured to
selectively couple the logic supply power rail to an output power rail, which is coupled
to the memory array. The power multiplexing circuit also includes a memory supply
selection circuit configured to selectively couple the memory supply power rail to the
output power rail. The logic and memory supply selection circuits each include a
respective plurality of logic and memory power switch circuits (e.g., head switches)

coupled between the respective logic and memory supply power rails and the output
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power rail. Each of the logic and memory power switch circuits has an associated drive
strength. The logic and memory power switch circuits are each configured to be
individually activated to couple the logic or memory supply power rails to the output
power rail, to contribute to driving the voltage of the activated logic or memory supply
power rail to the output power rail. A control circuit is configured to control the drive
strength of the activated logic or memory supply selection circuit. The logic supply
selection circuit can be configured to couple the output power rail to the logic supply
power rail for supplying power to the memory array when the logic supply power rail
can satisfy a minimum operating voltage of the memory domain. In this manner, as a
non-limiting example, additional intrinsic decoupling capacitance of the memory array
is coupled to the logic supply power rail during higher power modes of the logic
circuitry when the logic supply power rail can satisfy the minimum operating voltage of
the memory array. Logic circuits in a logic domain can still be separately powered from
the memory array il the power rail selection circuit couples a memory supply power rail
to the output power rail. However, when the logic supply power rail cannot satisfy the
minimum operating voltage of the memory array, the memory supply selection circuit
can couple the memory supply rail to the output power rail to power the memory array
from the memory power supply.

[0012] In this regard, in one exemplary aspect, a power multiplexing system is
provided. The power multiplexing system comprises a power multiplexing circuit. The
power multiplexing circuit comprises a first supply selection circuit coupled between a
first supply power rail having a first voltage and an output power rail coupled to at least
one powered circuit. The first supply selection circuit is configured to selectively drive
the first voltage at the first supply power rail to the output power rail at a first drive
strength based on a first drive strength indicator in response to a first supply power rail
selection indicator indicating a first supply power rail selection enable state. The power
multiplexing circuit also comprises a second supply selection circuit coupled between a
second supply power rail having a second voltage and the output power rail. The
second supply selection circuit is configured to selectively drive the second voltage at
the second supply power rail to the output power rail at a second drive strength based on
a second drive strength indicator in response to a second supply power rail selection

indicator indicating a second supply power rail selection enable state. The power
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multiplexing system also comprises at least one control circuit. The at least one control
circuit is configured to monitor an output voltage of the output power rail. In response
to the first supply power rail selection indicator indicating the first supply power rail
selection enable state, the at least one control circuit is configured to compare a voltage
level of the output voltage at the output power rail to a first reference voltage level
associated with the first supply selection circuit, and selectively generate the first drive
strength indicator based on the comparison of the voltage level of the output voltage at
the output power rail to the first reference voltage level. In response to the second
supply power rail selection indicator indicating the second supply power rail selection
enable state, the at least one control circuit is configured to compare the voltage level of
the output voltage at the output power rail to a second reference voltage level associated
with the second supply selection circuit, and selectively generate the second drive
strength indicator based on the comparison of the voltage level of the output voltage at
the output power rail o the second reference voltage level.

[0013] In another exemplary aspect, a power multiplexing system is provided. The
power multiplexing system comprises a first supply means for selectively driving a first
voltage at a first supply power rail to an output power rail at a first drive strength based
on a first drive strength indicator in response to a first supply power rail selection
indicator indicating a first supply power rail selection enable state. The power
multiplexing system also comprises a second supply means for selectively driving a
second voltage at a second supply power rail to the output power rail at a second drive
strength based on a second drive strength indicator in response to a second supply
power rail selection indicator indicating a second supply power rail selection enable
state. The power multiplexing system also comprises a means for monitoring an output
voltage of the output power rail. The power multiplexing system also comprises a
means for comparing a voltage level of the output voltage at the output power rail to a
first reference voltage level associated with a first supply selection circuit, in response
to the first supply power rail selection indicator indicating the first supply power rail
selection enable state. The power multiplexing system also comprises a means for
selectively generating the first drive strength indicator based on the means for
comparing the voltage level of the output voltage at the output power rail to the first

reference voltage level, in response to the first supply power rail selection indicator
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indicating the first supply power rail selection enable state. The power multiplexing
system also comprises a means for comparing the voltage level of the output voltage at
the output power rail to a second reference voltage level associated with a second
supply selection circuit in response to the second supply power rail selection indicator
indicating the second supply power rail selection enable state. The power multiplexing
system also comprises a means for selectively generating the second drive strength
indicator based on the means for comparing the voltage level of the output voltage at the
output power rail to the second reference voltage level in response to the second supply
power rail selection indicator indicating the second supply power rail selection enable
state.

[0014] In another exemplary aspect, a method of adaptively controlling drive
strength of multiplexed power from supply power rails in a power multiplexing circuit
to a powered circuit is provided. The method comprises monitoring an output voltage
of an output power rail. In response to a [irst supply power rail selection indicator
indicating a first supply power rail selection enable state, the method also comprises
comparing a voltage level of the output voltage at the output power rail to a first
reference voltage level associated with a first supply selection circuit, selectively
generating a first drive strength indicator based on the comparison of the voltage level
of the output voltage at the output power rail to the first reference voltage level, and
selectively driving a first voltage at a first supply power rail to the output power rail at a
first drive strength based on the first drive strength indicator. In response to a second
supply power rail selection indicator indicating a second supply power rail selection
enable state, the method comprises comparing the voltage level of the output voltage at
the output power rail to a second reference voltage level associated with a second
supply selection circuit, selectively generating a second drive strength indicator based
on the comparison of the voltage level of the output voltage at the output power rail to
the second reference voltage level, and selectively driving a second voltage at a second
supply power rail to the output power rail at a second drive strength based on the second

drive strength indicator.
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[0014a] According to one aspect of the present invention, there is provided a power
multiplexing system, comprising: a power multiplexing circuit, comprising: a first supply
selection circuit coupled between a first supply power rail having a first voltage and an output
power rail coupled to at least one powered circuit; a second supply selection circuit coupled
between a second supply power rail having a second voltage and the output power rail; the
first supply selection circuit configured to selectively drive the first voltage at the first supply
power rail to the output power rail at a first drive strength based on a first drive strength
indicator to variably adjust the output impedance of the first supply selection circuit; and the
second supply selection circuit configured to selectively drive the second voltage at the
second supply power rail to the output power rail at a second drive strength based on a second
drive strength indicator to variably adjust the output impedance of the second supply selection
circuit, wherein the first supply selection circuit further comprises a diode drop control circuit
configured to establish a first diode drop connection between the first supply power rail and
the output power rail, in response to a supply power rail switch signal indicating a supply
power rail switch enable state to switch from supplying power to the output power rail via the
first supply selection circuit to supplying power via the second supply selection circuit while
the first diode drop connection is established; and at least one control circuit configured to:
receive a first supply power rail selection indicator indicating a first supply power rail
selection enable state in response to the second voltage being a voltage level less than a
threshold voltage; receive a second supply power rail selection indicator indicating a second
supply power rail selection enable state in response to the second voltage being a voltage level
equal to or higher than the threshold voltage; monitor an output voltage of the output power
rail; and in response to the first supply power rail selection indicator indicating the first supply
power rail selection enable state: compare a voltage level of the output voltage at the output
power rail to a first reference voltage level associated with the first supply selection circuit;
and selectively generate the first drive strength indicator based on the comparison of the
voltage level of the output voltage at the output power rail to the first reference voltage level;
and in response to the second supply power rail selection indicator indicating the second
supply power rail selection enable state: compare the voltage level of the output voltage at the
output power rail to a second reference voltage level associated with the second supply

selection circuit; and selectively generate the second drive strength indicator based on the
Ta
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comparison of the voltage level of the output voltage at the output power rail to the second
reference voltage level.

[0014Db] According to another aspect of the present invention, there is provided a power
multiplexing system, comprising: a first supply means for selectively driving a first voltage at
a first supply power rail to an output power rail at a first drive strength based on a first drive
strength indicator; a second supply means for selectively driving a second voltage at a second
supply power rail to the output power rail at a second drive strength based on a second drive
strength indicator; a means for establishing a first diode drop connection between the first
supply power rail and the output power rail, in response to a supply power rail switch signal
indicating a supply power rail switch enable state to switch from supplying power to the
output power rail via the first supply means to supplying power via the second supply means
while the first diode drop connection is established; a means for receiving a first supply power
rail selection indicator indicating a first supply power rail selection enable state in response to
the second voltage being a voltage level less than a threshold voltage; a means for receiving a
second supply power rail selection indicator indicating a second supply power rail selection
enable state in response to the second voltage being a voltage level equal to or higher than the
threshold voltage; a means for monitoring an output voltage of the output power rail; a means
for comparing a voltage level of the output voltage at the output power rail to a first reference
voltage level associated with a first supply selection circuit, in response to the first supply
power rail selection indicator indicating the first supply power rail selection enable state; a
means for selectively generating the first drive strength indicator based on the means for
comparing the voltage level of the output voltage at the output power rail to the first reference
voltage level, in response to the first supply power rail selection indicator indicating the first
supply power rail selection enable state; a means for comparing the voltage level of the output
voltage at the output power rail to a second reference voltage level associated with a second
supply selection circuit in response to the second supply power rail selection indicator
indicating the second supply power rail selection enable state; and a means for selectively
generating the second drive strength indicator based on the means for comparing the voltage
level of the output voltage at the output power rail to the second reference voltage level in
response to the second supply power rail selection indicator indicating the second supply

power rail selection enable state.
7b
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[0014c] According to still another aspect of the present invention, there is provided a
method of adaptively controlling drive strength of multiplexed power from supply power rails
in a power multiplexing circuit to a powered circuit, comprising: monitoring an output voltage
of an output power rail; in response to a first supply power rail selection indicator indicating a
first supply power rail selection enable state: comparing a voltage level of the output voltage
at the output power rail to a first reference voltage level associated with a first supply
selection circuit; selectively generating a first drive strength indicator based on the
comparison of the voltage level of the output voltage at the output power rail to the first
reference voltage level; and selectively driving a first voltage at a first supply power rail to the
output power rail via a first supply selection circuit at a first drive strength based on the first
drive strength indicator variably adjusting the output impedance of the first supply selection
circuit; in response to a second supply power rail selection indicator indicating a second
supply power rail selection enable state: comparing the voltage level of the output voltage at
the output power rail to a second reference voltage level associated with a second supply
selection circuit; selectively generating a second drive strength indicator based on the
comparison of the voltage level of the output voltage at the output power rail to the second
reference voltage level; and selectively driving a second voltage at a second supply power rail
to the output power rail via a second supply selection circuit at a second drive strength based
on the second drive strength indicator variably adjusting the output impedance of the second
supply selection circuit; generating the first supply power rail selection indicator indicating
the first supply power rail selection enable state in response to the second voltage being a
voltage level less than a threshold voltage; generating the second supply power rail selection
indicator indicating the second supply power rail selection enable state in response to the
second voltage being a voltage level equal to or higher than the threshold voltage; and
establishing a diode drop connection between the first supply power rail and the output power
rail, in response to a supply power rail switch signal indicating a supply power rail switch
enable state to switch from supplying power to the output power rail via the first supply
selection circuit to supplying power via the second supply selecting circuit while the first

diode drop connection is established.
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BRIEF DESCRIPTION OF THE FIGURES

[0015] Figure 1 is a block diagram of an exemplary power multiplexing system that

is configured to selectively couple one supply power rail among a plurality of supply
power rails to a powered circuit;

[0016] Figure 2 is a block diagram of an exemplary power multiplexing system that
is configured to adaptively control drive strength of multiplexed power from a plurality
of supply power rails to an output power rail to power a powered circuit based on an
output voltage at the output power rail that can account for performance variations;
[0017] Figure 3 is a flowchart illustrating an exemplary process of a control circuit
in Figure 2 adaptively controlling drive strength of active supply selection circuits in a
power multiplexing circuit in Figure 2, based on an output voltage at the output power
rail;

[0018] Figure 4A is a block diagram of an exemplary control circuit that can be
included in the power multiplexing system in Figure 2 to adaptively control the drive
strength of an active supply selection circuit in a power multiplexing circuit based on an
output voltage at the output power rail;

[0019] Figure 4B is a block diagram of another exemplary control circuit that can be
included in the power multiplexing system in Figure 2 to adaptively control the drive
strength of an active supply selection circuit in a power multiplexing circuit based on an
output voltage at the output power rail;

[0020] Figure 5 is a block diagram of another exemplary power multiplexing system
that is configured to adaptively control drive strength of multiplexed power from a
plurality of supply power rails to an output power rail to power a powered circuit based
on an output voltage at the output power rail that can account for performance
variations;

[0021] Figure 6 is a block diagram of an exemplary power multiplexing circuit that
can be included in the power multiplexing system of Figure 5, wherein the power
multiplexing circuit additionally includes a diode drop control circuit configured to be
activated to provide a diode drop connection between a multiplexed supply power rail
and the output power rail, in response to switching the coupling of the output power rail

to a different selected supply power rail;
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[0022] Figure 7 is a block diagram of another exemplary control circuit that can be
included in the power multiplexing system of Figure 5 to adaptively control the drive
strength of an active supply selection circuit and a diode drop control circuit in a power
multiplexing circuit;

[0023] Figure 8 is a logic table illustrating an exemplary operation of a control
circuit in Figure 7 to control of the diode drop control circuit in the power multiplexing
circuit in Figure 6, and adaptively control the drive strength of an activated selected
supply selection circuit coupled to the output power rail based on an output voltage at
the output power rail to account for performance variations;

[0024] Figure 9 is a graph illustrating an exemplary plot of supply voltage at a
supply power rail transferred to the output power rail in the power multiplexing system
in Figure 5 as a function of drive strength control of the power multiplexing circuit;
[0025] Figure 10 is a block diagram of another exemplary control circuit that can be
included in a power multiplexing system [or adaptively controlling drive strength of
multiplexed power from a plurality of supply power rails to an output power rail to
power a powered circuit based on an output voltage at the output power rail, including
but not limited to power multiplexing circuits in Figure 2 and Figure 5;

[0026] Figure 11 is a flowchart illustrating an exemplary process of the control
circuit in Figure 10 adaptively controlling the drive strength of the active supply
selection circuit in a power multiplexing circuit, including but not limited to the power
multiplexing circuits in Figures 2 and 5;

[0027] Figure 12 is a block diagram of another exemplary control circuit that can be
included in a control circuit in a power multiplexing system, including but not limited to
the power multiplexing circuits in Figures 2 and Figure 5, for adaptively controlling the
drive strength of an active supply selection circuit in the power multiplexing circuit;
[0028] Figure 13 is a circuit diagram of an exemplary switched power control
circuit that can be provided in a control circuit for gradually providing a voltage signal
to reduce or avoid in-rush current related supply noise; and

[0029] Figure 14 is a block diagram of an exemplary processor-based system that
includes a power multiplexing system that includes a control circuit configured to
adaptively control drive strength of a first supply selection circuit comprising a memory

supply selection circuit and a second supply selection circuit comprising a logic supply
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selection circuit to supply power from an associated memory supply power rail and a
logic supply power rail to a memory array, based on an output voltage, and according to

any of the aspects disclosed herein.

DETAILED DESCRIPTION

[0030] With reference now to the drawing figures, several exemplary aspects of the

present disclosure are described. The word “exemplary” is used herein to mean
“serving as an example, instance, or illustration.” Any aspect described herein as
“exemplary” is not necessarily to be construed as preferred or advantageous over other
aspects.

[0031] Figure 2 is a block diagram of an exemplary power multiplexing system 200
that is configured to adaptively control drive strength of multiplexed power from supply
power rails to a powered circuit. For example, the power multiplexing system 200 may
be provided in a system-on-a-chip (SoC) 201. The power multiplexing system 200
includes a power multiplexing circuit 202. As will be discussed in more detail below,
the power multiplexing circuit 202 is configured to select one of a plurality of supply
power rails 204(1)-204(N) to be coupled to an output power rail 206 to provide power
to a powered circuit 208 coupled to the output power rail 206. The supply power rails
204(1)-204(N) are coupled to a respective power source 210(1)-210(N). The power
sources 210(1)-210(N) are configured to supply a respective voltage Vpnay - Voo to
their respective supply power rail 204(1)-204(N). The power multiplexing circuit 202 is
configured to couple one voltage Vpp) - Vppay from a respective supply power rail
204(1)-204(N) to the output power rail 206 to provide the voltage Vppa)- Vppw)to the
powered circuit 208 for operation.

[0032] For example. the first power source 210(1) may be configured to supply a
first voltage Vpp() (e.g., 1 Volt (V)) that is a higher voltage than a second voltage
Vopay (e.g., 0.6 V) supplied by the power source 210(N). This supply rail
configuration may be provided in the power multiplexing system 200, because it may be
desired to couple the powered circuit 208 to a supply power rail that has a higher
voltage during a higher operation performance mode, and couple the powered circuit
208 to another supply power rail that has a lower voltage during a lower performance

mode to conserve power consumption as an example. For example, the powered circuit
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208 may be a memory circuit or array that requires a minimum retention voltage to
retain data. The first supply power rail 204(1) may be configured to supply the first
voltage Vpp() capable of exceeding the minimum retention voltage for the powered
circuit 208. The second supply power rail 204(N) may be coupled to logic circuits in a
logic domain. Thus, if the second voltage Vpp is higher than the minimum retention
voltage of the powered circuit 208, the power multiplexing system 200 can switch the
coupling of second voltage Vppay to the output power rail 206 to multiplex the second
voltage Vppa to the powered circuit 208 for operation. This may have the benefit of
avoiding or reducing the need to provide intentional decoupling capacitance in the logic
domain. However, if the second voltage Vppy, is lower than the minimum retention
voltage of the powered circuit 208, the power multiplexing system 200 can switch the
coupling of the first voltage Vppy to the output power rail 206 to provide the first
voltage Vpp( to the powered circuit 208 for operation.

[0033] With continuing reference to Figure 2, to seleclively couple a supply power
rail 204(1)-204(N) to the output power rail 206 to supply a respective voltage Vppg) -
Vonay to the powered circuit 208, the power multiplexing circuit 202 includes a
plurality of supply selection circuits 212(1)-212(N). The supply selection circuits
212(1)-212(N) are coupled between a respective supply power rail 204(1)-204(N) and
the output power rail 206. The power multiplexing system 200 is configured to activate
a selected supply selection circuit 212(1)-212(N) to couple a respective supply power
rail 204(1)-204(N) to the output power rail 206 to power the powered circuit 208 at the
respective voltage Vpp) - V-

[0034] To select a supply power rail 204(1)-204(N) to be coupled to the output
power rail 206, the supply selection circuits 212(1)-212(N) in this example include
respective power switch circuits 214(1)-214(N). The drive strength of an activated
power switch circuit 214(1)-214(N) affects its capacity to drive the voltage Vpp() -
Vppayy onto the output power rail 206. The drive strength of a power switch circuit
214(1)-214(N) adjusts its output impedance, which controls the switching current-
resistance (IR) drop, resulting in the desired output voltage. For example, as drive
strength of a power switch circuit 214(1)-214(N) is increased, output impedance of the
power switch circuit 214(1)-214(N) is decreased, thus reducing the IR drop and

increasing the output voltage. If drive strength of a power switch circuit 214(1)-214(N)
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is decreased, output impedance of the power switch circuit 214(1)-214(N) is increased,
thus increasing the IR drop and decreasing the output voltage. PVT variations can also
affect drive strength. Drive strength can be increased to compensate for reduced drive
strength due to PVT wvariations for example. However, increasing drive strength
increases leakage power. Thus, the power multiplexing system 200 provides for the
ability to selectively control the drive strength of the supply selection circuits 212(1)-
212(N), which can be used to compensate for PVT variations. Drive strength margin
may be reduced as a result, thus reducing leakage power while still attaining the desired
drive strength on the output power rail 206.

[0035] Thus, in this example, to provide for the ability to control the drive strength
of the activated supply selection circuits 212(1)-212(N), each of the power switch
circuits 214(1)-214(N) includes four (4) parallel-connected P-type metal oxide
semiconductor (MOS) (PMOS) transistors 216(1)(1)-216(1)(4) and 216(N)(1)-
216(N)(4) (N-type MOS (NMOS) transistors could also be employed) coupled between
a respective supply power rail 204(1)-204(N) and the output power rail 206. Each of
the parallel-connected PMOS transistors 216(1)(1)-216(1)(4) and 216(N)(1)-216(N){(4)
has an associated drive strength to drive the respective voltage Vpp) - Vppay) onto the
output power rail 206.  Thus, to control the overall drive strength of the supply
selection circuit 212(1)-212(N), the respective parallel-connected PMOS transistors
216(1)(1)-216(1)(4) and 216(N)(1)-216(N)(4) are individually controlled to be activated
or deactivated to contribute towards driving the respective voltage Vpp1)- Vppay onto
the output power rail 206. In this example, each of the PMOS transistors 216(1)(1)-
216(1)(4) and 216(N)(1)-216(N)(4) is configured to receive an associated drive strength
indicator 218(1)-218(N) in the form of respective power switch selection signals
220(1)(1)-220¢1)(4) - 220(N)(1)-220(N)(4). Thus, the drive strength indicators 218(1)-
218(N) can be thought of in one example as code words each with individual signals or
bits indicating an enable state of the respective individual power switch selection signals
220(1)(1)-220(1)(4) - 220(N)(1)-220(N)(4) forming the code words to control the
respective number of parallel-connected PMQOS transistors 216(1)(1)-216(1)(4) and
216(N)(1)-216(N)(4) that are activated.

[0036] In this example, the power switch selection signals 220(1)(1)-220(1)(4) -
220(N)(1)-220(N)(4) are coupled to gates G of the respective PMOS transistors

12
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216(1)(1)-216(1)(4) and 216(N)(1)-216(N)(4). Thus, the state of the power switch
selection signals 220(1)(1)-220(1)(4) - 220(N)(1)-220(N)(4) controls whether their
respective  PMOS transistors 216(1)(1)-216(1)}4) and 216(N)(1)-216(N)(4) are
selectively activated, and thus contribute to driving the respective voltage Vppg, -
Voo onto the output power rail 206. If the state of the power switch selection signals
220(1)(1)-220(1)(4) - 220(N)(1)-220(N)(4) is a power switch selection enable state,
which in this example is a logic low level (‘0’) to activate (i.e., turn-on) the PMOS
transistors  216(1)(1)-216(1)(4) and 216(N)(1)-216(N)(4), the respective PMOS
transistors 216(1)(1)-216(1)(4) and 216(N)(1)-216(N)(4) will be activated to provide a
current flow path between the respective supply power rail 204(1)-204(N) and the
output power rail 206. If the state of the power switch selection signals 220(1)(1)-
220(1)(4) - 220(N)(1)-220(N)(4) is a power switch selection disable state, the respective
PMOS transistors 216(1)(1)-216(1)(4) and 216(N)(1)-216(N)(4) will be deactivated to
not provide a current flow path between the respective supply power rail 204(1)-204(N)
and the output power rail 206.

[0037] In this example, to provide for adaptively controlling the drive strength of an
activated supply selection circuit 212(1)-212(N) coupling a respective supply power rail
204(1)-204(N) to the output power rail 206, a control circuit 222 is provided in the
power multiplexing system 200. The control circuit 222 is configured to generate the
drive strength indicators 218(1)-218(N), which in this example are the individual,
respective power switch selection signals 220(1)(1)-220(1)(4) - 220(N)(1)-220(N)(4).
In this example, the PMOS transistors 216(1)(1)-216(1){(4) and 216(N)(1)-216(N)(4)
also act as power head switches, so the control circuit 222 controls the power switch
selection enable and disable states of each of the drive strength indicators 218(1)-
218(N) to control which supply selection circuit 212(1)-212(N) is coupled to the output
power rail 206, as well as which individual PMOS transistors 216(1)(1)-216(1)(4) and
216(N)(1)-216(N)(4) are activated and deactivated with activated supply selection
circuits 212(1)-212(N) to control drive strength. In this regard, the individual PMOS
transistors 216(1)(1)-216(1)(4) and 216(N)(1)-216(N){4) in the respective power switch
circuits 214(1)-214(N) receive respective power switch selection signals 220(1)(1)-
220(1)(4) - 220(N)(1)-220(N){(4) to indicate the drive strength of the activated supply
selection circuit 212(1)-212(N). The activated PMOS transistors 216(1)(1)-216(1)(4)
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and 216(N)(1)-216(N)(4) contribute towards driving the voltage Vppy- Vppay onto the
output power rail 206.

[0038] The control circuit 222 is configured to adaptively control the drive strength
of the activated supply selection circuit 212(1)-212(N) based on the performance of the
power multiplexing system 200. In this manner, the drive strength of the activated
supply selection circuit 212(1)-212(N) can be adjusted during operation to account for
operational and/or PVT variations. Thus, instead of providing a fixed drive strength
that may waste drive strength margin required to achieve the desired performance of the
power multiplexing system 200, the ability to adaptively adjust the drive strength
margin of the activated supply selection circuits 212(1)-212(N) allows drive strength
margin to be reduced while achieving the desired performance.

[0039] In this regard, with continuing reference to Figure 2, the control circuit 222
is configured to monitor an output voltage 224 of the output power rail 206. In response
to a supply power rail selection indicator 226(1)-226(N) indicating which supply
selection circuit 212(1)-212(N) should be activated for coupling the associated supply
power rail 204(1)-204(N) to the output power rail 206, the control circuit 222 compares
a voltage level of the output voltage 224 on the output power rail 206 to a first
predefined output voltage level associated with the supply selection circuit 212(1)-
212(N) indicated as activated based on the supply power rail selection indicator 226(1)-
226(N). The control circuit 222 is configured to selectively generate the drive strength
indicators 218(1)-218(N) based on the comparison of the voltage level of the output
voltage 224 on the output power rail 206 to the predefined output voltage level
associated with the activated supply selection circuit 212(1)-212(N). Thus, the control
circuit 222 can be configured to continually monitor the output voltage 224 on the
output power rail 206 to adjust the drive strength of the activated supply selection
circuit 212(1)-212(N) based on performance variations of the power multiplexing
system 200 observed based on the output voltage 224.

[0040] Figure 3 is a flowchart illustrating an exemplary process 300 of the control
circuit 222 in Figure 2 adaptively controlling the drive strength of an active supply
selection circuit 212(1)-212(N) in the power multiplexing circuit 202, based on an
output voltage 224 on the output power rail 206 to account for performance variations.

The process 300 in Figure 3 will be described in regard to the power multiplexing
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circuit 202 including two (2) supply selection circuits 212(1), 212(N). However, it
should be understood that the process 300 in Figure 3 is also applicable for the power
multiplexing circuit 202 including more than two (2) supply selection circuits 212(1),
212(N).

[0041] With reference to Figure 3, the control circuit 222 monitors the output
voltage 224 of the output power rail 206 (block 302). In response to the first supply
power rail selection indicator 226(1) indicating a first supply power rail selection enable
state (block 304), the control circuit 222 compares a voltage level of the output voltage
224 on the output power rail 206 to a first predefined output voltage level associated
with the first supply selection circuit 212(1) (block 306). The control circuit 222 then
selectively generates the first drive strength indicator 218(1) based on the comparison of
the voltage level of the output voltage 224 on the output power rail 206 to the first
predefined output voltage level (block 308). In response, the power multiplexing circuit
202 selectively drives the first voltage Vpp() at the first supply power rail 204(1) to the
output power rail 206 at a first drive strength based on the first drive strength indicator
218(1) (block 310). However, in response to the second supply power rail selection
indicator 226(N) indicating a second supply power rail selection enable state (block
312), the control circuit 222 compares the voltage level of the output voltage 224 on the
output power rail 206 to a second predefined output voltage level associated with the
second supply selection circuit 212(N) (block 314). The control circuit 222 selectively
generates the second drive strength indicator 218(N) based on the comparison of the
voltage level of the output voltage 224 on the output power rail 206 to the second
predefined output voltage level (block 316). In response, the power multiplexing circuit
202 selectively drives the second voltage Vppay at the second supply power rail 204(N)
to the output power rail 206 at a second drive strength based on the second drive
strength indicator 218(N) (block 318).

[0042] Different control circuits 222 can be provided in the power multiplexing
system 200 in Figure 2 to adaptively control the drive strength of the voltage Vpp) -
Vo driven to the output power rail 206. In this regard, Figure 4A is a block diagram
of an exemplary control circuit 222(1) that can be provided as the control circuit 222 in
the power multiplexing system 200 in Figure 2, for example, to adaptively control the

drive strength of an active supply selection circuit 212(1)-212(N) based on the output
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voltage 224 on the output power rail 206 to account for performance variations. The
control circuit 222(1) in Figure 4A is shown as only controlling one (1) supply selection
circuit 212(1)-212(N), and thus multiple control circuits 222(1) would be provided to
control the drive strength of each supply selection circuit 212(1)-212(N). However,
note that the control circuit 222(1) could be adapted to control the drive strength of each
of the supply selection circuits 212(1)-212(N). The control circuit 222(1) illustrated in
Figure 4 is for controlling one (1) supply selection circuit 212(1) in the power
multiplexing circuit 202.

[0043] In this regard, with reference to Figure 4A, the output voltage 224 is coupled
to a comparator circuit 400 provided in the form of an analog comparator 401 in this
example. The comparator circuit 400 also receives, as input, a reference output voltage
Vrefa 402 for the supply selection circuit 212(1). The reference output voltage 402 may
have been stored as a digital reference output voltage Vrefp and converted to an analog
signal as the reference output voltage Vrel, by a digital-to-analog converter (DAC)
circuit 404. The comparator circuit 400 is configured to generate a comparison output
signal 406 indicating a greater than or less than comparison in voltage level between the
output voltage 224 and the reference output voltage 402 to determine the performance
of the power multiplexing circuit 202. The comparison output signal 406 is provided to
a counter circuit 407 that includes a counter 408 configured to increment or decrement a
count value when the output voltage 224 drops below or above the reference output
voltage 402, respectively (or vice versa). The counter 408 may be clocked by a clock
signal 410 that is divided by a clock divider 412 from a main clock signal 414 such that
the counter 408 is activated for each clock cycle of the clock signal 410. An overflow
logic circuit 418 is provided to handle overflow conditions of the counter 408. The
counter 408 outputs the count value in the form of the drive strength indicator 218(1) to
be provided to the power multiplexing circuit 202 (and the activated supply selection
circuit 212(1)) to control the drive strength of the supply selection circuit 212(1).

[0044] The control circuits 222(1) in Figure 4A can ensure that the voltage at the
output power rail 206 does not drop below a designed minimum threshold voltage. The
counter 408 can count up or down to account for changes in environmental conditions,

such as temperature drifts, work load changes, etc.
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[0045] Alternatively, as shown in Figure 4B, a shared control circuit 222M could be
provided that is multiplexed to be able to control any of the supply selection circuits
212(1)-212(N). This control circuit 222M is configured to output any power switch
selection signals 220(1)(1)-220(1)(4) - 220(N)(1)-220(N)(4) for a selected supply
selection circuit 212(1)-212(N). The control circuit 222M in Figure 4B has common
components with the control circuit 222(1) in Figure 4A, which are shown with
common element numbers. As shown in Figure 4B, the comparator circuit 400
receives, as input, the reference output voltage Vref, 402 for a selected supply selection
circuit 212(1)-212(N). A selection signal 416 input into a multiplexing circuit 418
controls which digital reference output voltage Vrefp(1)- Vretp(N) for a selected supply
selection circuit 212(1)-212(N) is passed to the DAC circuit 404 as the reference output
voltage Vrefa 402. A demultiplexing circuit 420 is provided to control to which supply
selection circuit 212(1)-212(N) in the power multiplexing circuit 202, the drive strength
indicator 218 is provided to control the drive strength of the selected supply selection
circuit 212(1)-212(N).

[0046] Other types of control circuits can be provided in a power multiplexing
system, like the power multiplexing system 200 in Figure 2, to adaptively control the
drive strength of a multiplexed voltage driven to an output power rail. For example,
Figure 5 is a block diagram of another exemplary power multiplexing system 500 that is
configured to adaptively control the drive strength of multiplexed power from a
plurality of supply power rails to an output power rail to power a powered circuit based
on an output voltage at the output power rail that can account for performance
variations. As shown therein, a control circuit 522 is provided to adaptively control the
drive strength of a multiplexed voltage driven by a power multiplexing circuit 502 as an
output voltage 524 on an output power rail 506 to power a powered circuit, which is
shown as a memory array 508 in this example. The control circuit 522 in this example
includes a voltage monitoring circuit 528 configured to monitor the output voltage 524
to adjust the drive strength of the output voltage 524 multiplexed on the output power
rail 506 to account for monitored performance variations. The control circuit 522 also
includes an optional slow ramp circuit 530 that is configured to gradually ramp up the
memory and logic drive strength indicators 518M, 518L in a controlled manner, which

in turn gradually ramps up multiplexed power switch circuits to ramp up the voltage
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multiplexed on the output power rail 506. This may reduce or avoid in-rush current
related supply noise in the power multiplexing system 500, thus avoiding or mitigating
performance loss of the memory array 508 due to switching of power rails.

[0047] Figure 6 is a block diagram of the exemplary power multiplexing circuit 502
in the power multiplexing system 500 of Figure 5. The power multiplexing circuit 502
is configured to multiplex coupling of one of a logic supply power rail 504L and a
memory supply power rail 504M to the output power rail 506 to provide power to the
memory array 508 coupled to the output power rail 506. The logic supply power rail
504L and the memory supply power rail 504M are coupled to respective power sources
supplying a memory voltage Vppay or in a memory domain and a logic voltage Vpp,
in a logic domain. To selectively couple the logic supply power rail 504L or the
memory supply power rail 504M to the output power rail 506 to supply a respective
memory voltage Vppm logic voltage Vppa, to the memory array 508, the power
multiplexing circuit 502 includes memory and logic supply selection circuits 512M,
512L. The memory and logic supply selection circuits 512M, 5121 are coupled
between the respective memory supply power rail 504M and logic supply power rail
504L. The power multiplexing system 500 is configured to activate one of the memory
and logic supply selection circuits 512M, 512L to couple a respective memory supply
power rail 504M and logic supply power rail 504L to the output power rail 506 to power
the memory array 508 at the respective memory voltage Vppa and logic voltage Vpp).
[0048] To select the memory supply power rail 504M and logic supply power rail
504L to be coupled to the output power rail 506, the memory and logic supply selection
circuits 512M, 512L in this example each include respective memory and logic power
switch circuits 514M, 514L. The drive strength of an activated memory or logic power
switch circuit 514M, 514L affects its capacity to drive the respective memory or logic
voltage Vppavy. Vobpa onto the output power rail 506. The drive strength of an activated
memory or logic power switch circuit 514M, 514L adjusts its output impedance, which
controls switching a current-resistance (IR) drop across the memory or logic power
switch circuit 514M, 514L, resulting in the desired output voltage. For example, as
drive strength of a memory or logic power switch circuit 514M, 514L is increased,
output impedance of the memory or logic power switch circuit 514M, 514L is

decreased, thus reducing the IR drop and the respective memory or logic voltage Vpp,
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Vppy driven onto the output power rail 506. If however, the drive strength of a
memory or logic power switch circuit 514M, 514L is decreased, output impedance of
the memory or logic power switch circuit 514M, 514L is increased, thus increasing the
IR drop and decreasing the respective memory or logic voltage Vppay, Vppa, driven
onto the output power rail 506. PVT variations can affect drive strength. Drive strength
can be increased for example to compensate for PVT variations. However, increasing
drive strength increases leakage power. Thus, the power multiplexing system 500
provides for the ability to selectively control the drive strength of the memory and logic
supply selection circuits 512M, 512L which can be used to compensate for PVT
variations that may reduce drive strength. Drive strength margin may be reduced as a
result, thus reducing leakage power while still attaining the desired drive strength on the
output power rail 506.

[0049] In this example, to provide for the ability to control the drive strength of the
activated memory and logic supply selection circuits S12M, 512L, each of the memory
and logic power switch circuits 514M, 514L includes a plurality of parallel-connected
PMOS transistors S16M(1)-516M(T) and 516L(1)-5161(T), where ‘T’ represents the
desired number of PMOS transistors 516 to include. Note that NMOS transistors could
also be employed. The PMOS transistors 516M(1)-516M(T) and 516L(1)-5161L(T) are
coupled between a respective memory and logic supply power rail 504M, 504L and the
output power rail 506. Each of the parallel-connected PMOS transistors S16M(1)-
516M(T) and 516L(1)-5161L(T) has an associated drive strength to drive the respective
memory or logic voltage Vppa, Vopr) onto the output power rail 506. Thus, to control
the overall drive strength of the memory and logic supply selection circuits 512M,
512L, the respective parallel-connected PMOS transistors 516M(1)-516M(T) and
516L(1)-516L(T) can be individually controlled to be activated or deactivated to
contribute towards driving the respective memory or logic voltage Vppm) Vbpa,) onto
the output power rail 506. In this example, each of the PMOS transistors 516M(1)-
516M(T) and 516L(1)-516L(T) is configured to receive an associated memory or logic
drive strength indicator 518M, 518L in the form of respective memory and logic power
switch selection signals 520M(1)-520M(T), 520L(1)-520L(T). Thus, the memory and
logic drive strength indicators 518M, 518L can be thought of in one example as code

words each with individual signals or bits indicating an enable state of the respective
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individual memory and logic power switch selection signals 520M(1)-520M(T),
520L(1)-520L(T) forming the code words to control the respective number of parallel-
connected PMOS transistors 516M(1)-516(1){T) and 516L(1)-516L(T) that are
activated.

[0050] In this example, the memory and logic power switch selection signals
520M(1)-520M(T), 5201.(1)-520L(T) are coupled to gates G of the respective PMOS
transistors 516M(1)-516M(T) and 5161.(1)-5161(T). Thus, the state of the memory and
logic power switch selection signals 520M(1)-520M(T), 520L(1)-520L(T) controls
whether their respective PMOS transistors S16M(1)-516M(T) and 516L(1)-516L(T) are
selectively activated, and thus contribute to driving the respective memory and logic
voltages Vppan, Vopa,) onto the output power rail 506. If the state of the memory or
logic power switch selection signals 520M(1)-520M(T), 520L(1)-520L(T) is a power
switch selection enable state, which in this example is a logic low level (‘0’), the
respective PMOS transistors S16M(1)-516M(T) and 516L(1)-516L(T) will be activated
to provide a current flow path between the respective memory or logic supply power rail
504M., 504L and the output power rail 506. If the state of the memory or logic power
switch selection signals 520M(1)-520M(T), 520L(1)-520L(T) is a power switch
selection disable state, the respective PMOS transistors 516M(1)-516M(T) and 516L(1)-
5161L(T) will be deactivated to not provide a current flow path between the respective
memory and logic supply power rail 504M, 504L and the output power rail 506.

[0051] With continuing reference to Figure 6, to maintain the memory voltage
Vopow at the output power rail 506 to power the memory array 508 during switching of
the coupling of the output power rail 506 from the memory supply power rail 504M to
the logic supply power rail 504L, but while also avoiding creating a current cross-
conduction path between the memory and logic supply power rails 504M, 504L, the
power multiplexing circuit 502 also includes a diode drop control circuit 600. The
diode drop control circuit 600 is provided in the form of a PMOS transistor 602 in this
example. The diode drop control circuit 600 is configured to be activated to create a
diode drop connection between a respective memory supply power rail 504M and the
output power rail 506 for a diode drop operation mode in response to switching of the
coupling of the memory supply power rail 504M to the logic supply power rail 504L, to
the output power rail 206. In this regard, the diode drop control circuit 600 is
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configured to receive a supply power rail switch signal 603 indicating a supply power
rail switch state to the logic supply power rail 504L. In response to the supply power
rail switch signal 603 indicating a supply power rail switch enable state to the logic
supply power rail 504L, the diode drop control circuit 600 establishes a diode drop
connection between the memory supply power rail 504M and the output power rail 506
in a diode drop operation mode.

[0052] More specifically, in this example, the diode drop control circuit 600
includes a diode drop input 604 coupled to a first power rail selection input 606 of a
first power switch circuit 608. The diode drop control circuit 600 also includes a diode
drop control input 610 coupled to gate G of the PMOS transistor 602 configured to
receive the supply power rail switch signal 603 from a power rail selection circuit 612.
The diode drop control circuit 600 also includes a diode drop output 614 coupled to
drain D of the PMOS transistor 602 and coupled to a first power output 616 of the
power switch circuit 608. The diode drop control circuit 600 is configured Lo establish a
diode drop connection in a diode drop operation mode between the power rail selection
input 606 and the power output 616, in response to the supply power rail switch signal
603 indicating the supply power rail switch enable state from the memory supply power
rail 504M to the logic supply power rail S04L. A retention output signal 620 controls
the passing of the supply power rail switch signal 603 to the diode drop input 604. Also
in response to the supply power rail switch signal 603 indicating the supply power rail
switch enable state from the memory supply power rail 504M to the logic supply power
rail 504L, the power rail selection circuit 612 is deactivated to present a high impedance
to the power rail selection input 606. Thus, in the diode drop operation mode, the gate
G and the drain D of a head switch PMOS transistor 618 is coupled together to put the
first head switch PMOS transistor 618 in a diode drop configuration.

[0053] In this example, current cross-conduction can only occur in one direction
between the memory supply power rail 504M with the higher memory voltage Vppay to
the logic supply power rail 504L with the lower logic voltage Vpp). Thus, the diode
drop control circuit 600 is configured to regulate the voltage on the output power rail
506 in a forward bias configuration in this example. For example, with the memory
voltage Vppmy on the memory supply power rail 504M being higher than the logic

voltage Vppa, on the logic supply power rail 504L, the diode drop control circuit 600
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will be in a forward bias configuration. The diode drop control circuit 600 is configured
to allow current to flow from the memory supply power rail 504M to the output power
rail 506 to maintain an output voltage Vpp, on the output power rail 506. In one
example, the diode drop control circuit 600 is configured to regulate the output voltage
Vppa) on the output power rail 506 to a threshold voltage of the diode drop control
circuit 600 less than the memory voltage Vppar. As the output voltage Vppa) on the
output power rail 506 discharges to the threshold voltage of the diode drop control
circuit 600 less than the memory voltage Vppa, the diode drop control circuit 600 will
allow current to flow to maintain the voltage (e.g., 0.8 V) to a threshold voltage (e.g.,
0.2 V) of the diode drop control circuit 600 less than the memory voltage Vppan (e.2., 1
V). In this manner, the output voltage Vppa) is continuously provided to the memory
array 508 during the diode drop operation mode even when switching the coupling of
the memory supply power rail 504M to the logic supply power rail 504L, to the output
power rail 506, but without creating a current cross-conduction path between the
memory supply power rail 504M to the logic supply power rail 504L. To reduce power
consumption during the diode drop operation mode, the memory array 508 may be
configured to be in a retention or reduced power consumption state where only leakage
currents are drawn from the output power rail 506 in a non-limiting example.

[0054] After the switching of the coupling of the memory supply power rail 504M
to the logic supply power rail 504L, to the output power rail 506, the diode drop
operation mode can be discontinued. In this regard, the supply power rail switch signal
603 is controlled to indicate a supply power rail switch disable state. In response, the
diode drop control circuit 600 disconnects the diode drop connection between the
memory supply power rail 504M and the output power rail 506. A current cross-
conduction path is not created when the diode drop operation mode is discontinued,
because only either the memory drive strength indicator 518M or the logic drive
strength indicator 518L is controlled to be in a power rail selection enable state to select
only the memory power switch circuit 514M or the logic power switch circuit 514L to
couple either the memory or logic supply power rail 504M, 504L to the output power
rail 506 at any given time outside of the diode drop operation mode.

[0055] Figure 7 is a block diagram of the control circuit 522 that can be included in

the power multiplexing system 500 of Figure 5 to adaptively control the drive strength
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of an active memory or logic supply selection circuit 512M, 5121 and the diode drop
control circuit 600 in the power multiplexing circuit 502 in Figure 6. The control circuit
522 is configured to provide the operational modes illustrated in a logic table 800 in
Figure 8. Both will be discussed in conjunction with each other below.

[0056] With reference to Figure 7, the memory drive strength indicator 518M is
provided as an output 700 of a multiplexer circuit 702. The multiplexer circuit 702
includes a first input 704 configured to receive a first bypass drive strength indicator
706, and a second input 708 configured to receive a memory adaptive drive strength
indicator 710. The multiplexer circuit 702 is controlled to pass the bypass drive
strength indicator 706 to the memory drive strength indicator 518M if it is desired to
bypass the adaptive drive strength operation of the power multiplexing circuit 502 when
coupling the memory supply power rail 504M to the output power rail 506 in Figure 6.
For example, the bypass drive strength indicator 706 may be a fixed setting for each of
the memory power switch selection signals 520M(1)-520M(T) such as all activated
(e.g., all logical “0’) for example or any other fixed setting. In this manner, the drive
strength of the memory voltage Vppan 18 not varied. The multiplexer circuit 702 is
also configured to be controlled to pass the memory adaptive drive strength indicator
710 to the memory drive strength indicator 518M if it is desired to adaptively control
the drive strength operation of the power multiplexing circuit 502 when coupling the
memory supply power rail 504M to the output power rail 506 in Figure 6. For example,
the memory adaptive drive strength indicator 710 may be the counter output of the
memory drive strength indicator 218(1) in the control circuit 222(1) in Figure 4A as one
example. The memory adaptive drive strength indicator 710 will control the memory
power switch selection signals 520M(1)-520M(T) to control which PMOS transistors
516M(1)-516M(T) in Figure 5 are activated.

[0057] With continuing reference to Figure 7, the multiplexer circuit 702 also
includes a selection input 712 configured to receive an adaptive mode selection signal
714 to control whether the bypass drive strength indicator 706 from the first input 704
or the memory adaptive drive strength indicator 710 from the second input 708 is passed
to the output 700 as the memory drive strength indicator 518M. In this regard, if the
adaptive mode selection signal 714 is in an adaptive mode disable state, the multiplexer

circuit 702 passes the bypass drive strength indicator 706 from the first input 704 to the
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output 700. If the adaptive mode selection signal 714 is in an adaptive mode enable
state, the multiplexer circuit 702 passes the memory adaptive drive strength indicator
710 from the second input 708 to the output 700. If the adaptive mode selection signal
714 is logical low (i.e., logical ‘0’), this causes the multiplexer circuit 702 to output the
bypass drive strength indicator 706 from the first input 704 to the output 700 as the
memory drive strength indicator 518M. If the adaptive mode selection signal 714 is
logical high (i.e., logical ‘1°) in this example, the adaptive mode selection signal 714 is
in an adaptive mode enable state in this example to provide adaptive control of drive
strength.

[0058] To control the diode drop mode operation explained in the control circuit
522 in Figure 6, the control circuit 522 in Figure 7 is also configured to control
generating the retention output signal 620. As previously discussed above in Figure 6,
the retention output signal 620 is configured to control whether the supply power rail
switch signal 603 is passed. If the adaptive mode selection signal 714 is logical low
(i.e., logical ‘0’) to cause the multiplexer circuit 702 to output the bypass drive strength
indicator 706 from the first input 704 to the output 700 as the memory drive strength
indicator 518M, a retention input signal 716 and adaptive power multiplexing (APM)
enable signal 718 are in don’t care states (x), because an AND-based gate 720 in Figure
7 will pass the retention input signal 716 to an output 722 for the retention output signal
620. This is also shown in the logic table 800 in Figure 8 for the “ASR Bypass™ state
where the adaptive mode selection signal 714 is logical ‘0’. Thus, the retention input
signal 716 will control whether the supply power rail switch signal 603 is passed to the
diode drop control circuit 600.

[0059] In a “Collapse” state as shown in the logic table 800 in Figure 8, the adaptive
mode selection signal 714 is set to a logical *“1” to be in the adaptive mode enable state
with the APM enable signal 718 and the retention input signal 716 set to logical ‘0.
This causes multiplexer circuit 702 to provide the bypass drive strength indicator 706
from the first input 704 to the output 700 as the memory drive strength indicator 518M.
An OR-based gate 724 will generate a logical ‘0’ on its output 726 to an AND-based
gate 720 to generate a logical ‘0’ for the retention output signal 620 to deactivate the

diode drop operation of the diode drop control circuit 600.
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[0060] As shown in Figure 8, to set up for adaptively controlling the drive strength
of the multiplexed memory power Vppar onto the output power rail 506 in Figure 5, an
“ASR Enable” state provides for the adaptive mode selection signal 714 to be set to a
logical “1” to be in the adaptive mode enable state. This causes the multiplexer circuit
702 to provide the bypass drive strength indicator 706 from the first input 704 to the
output 700 as the memory drive strength indicator 518M. The APM enable signal 718
is set to a logical ‘0’ and the retention input signal 716 is set to a logical ‘1’. This
causes the AND-based gate 720 to output a logical ‘0’ as the retention output signal 620
to disable the diode drop mode operation of the diode drop control circuit 600. Then, as
shown in Figure 8, for a “Functional” state for adaptively controlling the memory power
switch selection signals 520M(1)-520M(T) to control which PMOS transistors
516M(1)-516M(T) in Figure 5 are activated to control drive strength of the memory
voltage Vppav from the memory supply power rail 504M coupled to the output power
rail 506, the adaptive mode selection signal 714 is set to a logical “1” to be in the
adaptive mode enable state. This causes the multiplexer circuit 702 to provide the
bypass drive strength indicator 706 from the first input 704 to the output 700 as the
memory drive strength indicator 518M. The APM enable signal 718 is set to a logical
‘1’ and the retention input signal 716 is set to a logical ‘0’. This causes the AND-based
gate 720 to output a logical ‘0’ as the retention output signal 620 to disable the diode
drop mode operation of the diode drop control circuit 600.

[0061] As shown in Figure 8, in the “Switching Between Supply Power Rails”
504M, 504L state, the adaptive mode selection signal 714 is set to a logical “1” to be in
the adaptive mode enable state for adaptively controlling the drive strength of the
memory voltage Vppau) from the memory supply power rail 504M coupled to the output
power rail 506. This causes the multiplexer circuit 702 to provide the bypass drive
strength indicator 706 from the first input 704 to the output 700 as the memory drive
strength indicator 518M. The APM enable signal 718 is set to a logical ‘1’ and the
retention input signal 716 is set to a logical ‘1’. This causes the AND-based gate 720 to
output a logical ‘1’ as the retention output signal 620 to enable the diode drop mode
operation of the diode drop control circuit 600.

[0062] Figure 9 is a graph illustrating an exemplary plot 900 of supply voltage at a

supply power rail transferred to the output power rail 506 in the power multiplexing
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system 500 in Figure 5 as a function of drive strength control of the power multiplexing
circuit 502.  As shown therein, voltage curve 902 indicates an example output voltage
multiplexed on the output power rail 506 as a function of switching activation of a
memory or logic supply selection circuit 512(1)-512(N).

[0063] Other control circuits can be provided to monitor the output voltage 524 of
the power multiplexing system 500 in Figure 5 to adaptively control the drive strength
of the memory voltage Vppan from the memory supply power rail 504M coupled to the
output power rail 506. For example, Figure 10 is a block diagram of an exemplary
control circuit 1022 configured to adaptively control drive strength of an active memory
or logic supply selection circuit 512M, 512L (Figure 5) in the power multiplexing
circuit 502 in Figure 5 to adjust the output voltage 524 level and switch-on speed on the
output power rail 506. The control circuit 1022 in Figure 10 is shown as only
controlling the memory supply selection circuit 512M in the power multiplexing circuit
502 (Figure 5), and thus multiple control circuits 1022 would be provided to control the
drive strength of each supply selection circuit 5S12(1)-512(N).

[0064] In this regard, the output voltage 524 in Figure 10 is coupled to a first
voltage controlled oscillator (VCO) 1000(1). A predefined reference output voltage
(Vref) 1002 for the memory supply selection circuit 512M (Figure 6) is provided to a
second VCO 1000(2). The VCOs 1000(1), 1000(2) generate respective frequency
signals 1004(1), 1004(2) indicative of the amplitude of the output voltage 524 and the
reference output voltage 1002. The frequency signals 1004(1), 1004(2) are received by
a finite state machine (FSM) 1006 that compares the frequencies of the frequency
signals 1004(1), 1004(2) to determine if the reference output voltage 1002 is greater
than the output voltage 524. Based on this comparison, the FSM 1006 generates an
output signal 1008 to a DAC 1010 to control the memory drive strength indicator 518M
to control the bias of the supply selection circuit 512(1) in Figure 5. The FSM 1006
also generates the drive strength indicator 518(1) to control the memory drive strength
indicator 518M to control the drive strength of the memory supply selection circuit
512M in the power multiplexing circuit 502. As shown in exemplary process 1100 in
Figure 11 performed by the FSM 1006 in Figure 10, the DAC 1010 may be initially set
to a control code of ‘0" (block 1002). The FSM 1006 determines if the frequency signal
1004(1) has a higher frequency than frequency signal 1004(2) (block 1104). If not, the
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process 1100 stops without a change in the memory drive strength indicator 518M
(block 1106). If so, the memory drive strength indicator 518M is incremented (e.g., by
one (1) least significant bit (LSB)) (block 1008).

[0065] Figure 12 is a block diagram of an exemplary control circuit 1222 configured
to adaptively control drive strength of an active memory or logic supply selection circuit
512M, 512L (Figure 5) in the power multiplexing circuit 502 in Figure 5 to adjust the
output voltage 524 level and switch-on speed on the output power rail 506. The control
circuit 1222 in Figure 12 is shown as only controlling the memory supply selection
circuit 512M, and thus multiple control circuits 1222 would be provided to control the
drive strength of each supply selection circuit 512(1)-512(N).

[0066] In this regard, the output voltage 524 in Figure 12 is coupled to a first VCO
1000(1). A predefined reference output voltage (Vref) 1002 for the memory supply
selection circuit 512M (Figure 6) is provided to a second VCO 1000(2). The VCOs
1000(1), 1000(2) generate respective [requency signals 1004(1), 1004(2) indicative of
the amplitude of the output voltage 524 and the reference output voltage 1002. The
frequency signals 1004(1), 1004(2) are received by a phase frequency detector (PFD)
1206 that compares the frequencies of the frequency signals 1004(1), 1004(2) to
determine if the reference output voltage 1002 is greater than the output voltage 524.
Based on this comparison, the PED 1206 generates output signals 1208(1), 1208(2) to a
charge pump (CP) 1210 to control the memory drive strength indicator 518M to control
the drive strength of the memory supply selection circuit 512M in Figure 6.

[0067] Figure 13 illustrates an example of the slow ramp circuit 530 in Figure 5 that
can be used to gradually provide the memory power switch selection signal 520M to the
power multiplexing circuit 502 therein. Figure 13 shows only ramping a single memory
power switch selection signal 520 of the memory drive strength indicator 518M (Figure
5), but it should be noted that multiple slow ramp circuits 530 like shown in Figure 13
can be provided for each memory power switch selection signal 520M(1)-520M(T). To
gradually ramp up the memory power switch selection signal 520, an output voltage V
is provided, wherein the output voltage V is ramped up to the memory voltage Vppm)-
To achieve this gradual ramping up of the output voltage V of the memory power
switch selection signal 520, a head switch circuit 1306 is provided that is configured to

provide the output voltage V to the power multiplexing circuit 502. The head switch
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circuit 1306 includes a voltage input 1308 that is coupled to a voltage input 1310 and
configured to receive the memory voltage Vppan. The head switch circuit 1306 also
includes a voltage output 1312 that is coupled to a voltage output 1314 and configured
to provide the memory power switch selection signal 520 of the output voltage V to the
power multiplexing circuit 502. The head switch circuit 1306 is configured to provide
the memory power switch selection signal 520 of the output voltage V to the power
multiplexing circuit 502 in response to a control signal 1316 received on a control input
1318. The control signal 1316 is generated by a head switch control circuit 1320 in
response to the memory power switch selection signal 520M. A current sink circuit
1324 is configured to control a ramping rate of the output voltage V of the memory
power switch selection signal 520 generated by the head switch circuit 1306, thus
allowing the head switch circuit 1306 to provide the full memory voltage Vppan to the
power multiplexing circuit 502 in a controlled manner to reduce or avoid in-rush current
related supply noise in the power multiplexing circuit 502. Controlling the ramping rate
corresponds to gradually activating (i.e., gradually turning-on) the head switch circuit
1306 over time, wherein the amount of memory voltage Vpnaw, allowed across the head
switch circuit 1306 is limited by its level of activation.

[0068] With continuing reference to Figure 13, in this aspect, the head switch circuit
1306 can be controlled by the current sink circuit 1324 when the head switch control
circuit 1320 generates the control signal 1316 in response to the memory power switch
selection signals 520M received on an enable input 1326. The control signal 1316
indicates that the memory voltage Vppay is to be transferred to the power multiplexing
circuit 502. Components within the slow ramp circuit 530 may employ various circuit
elements to achieve the functionality described above. In this aspect, the head switch
circuit 1306 employs a PMOS transistor 1328 that includes a source S coupled to the
voltage input 1308, a gate G coupled to the control input 1318, and a drain D coupled to
the voltage output 1312. Additionally, in this aspect, the current sink circuit 1324
includes an NMOS transistor 1330 that includes a source S coupled to a ground source
1332, a drain D coupled to the gate G of the PMOS transistor 1328 of the head switch
circuit 1306 (i.e., the control input 1318), and a gate G. The gate G of the NMOS
transistor 1330 in this aspect is driven by a constant voltage source 1334. The head

switch control circuit 1320 in this example employs a PMOS transistor 1336 that
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includes a source S coupled to the memory voltage Vppa), a gate G configured to
receive the memory power switch selection signal 520M, and a drain D coupled to the
gate G of the PMOS transistor 1328 of the head switch circuit 1306 and the drain D of
the NMOS transistor 1330 of the current sink circuit 1324.

[0069] Because the memory power switch selection signal 520M is coupled to the
gate G of the PMOS transistor 1336 of the head switch control circuit 1320, the PMOS
transistor 1336 is activated (i.e., turned-on) while the memory power switch selection
signal 520M has a logic low ‘0’ value. Further, the memory voltage Vppay is provided
to the gate G of the PMOS transistor 1328 of the head switch circuit 1306 while the
PMOS transistor 1336 is activated. Providing the memory voltage Vppay to the gate G
of the PMOS transistor 1328 deactivates (i.e., turns-off) the PMOS transistor 1328 and
prevents the memory voltage Vppay from being provided to the power multiplexing
circuit 502.

[0070] In response to the memory power swilch selection signal 520M (ransitioning
to a logic high ‘1’ value, the PMOS transistor 1336 of the head switch control circuit
1320 is deactivated, which prevents the memory voltage Vppo from being provided to
the gate G of the PMOS transistor 1328 of the head switch circuit 1306. However,
although the gate G of the PMOS transistor 1328 is no longer receiving the memory
voltage Vppa), the memory voltage Vppay remains on the gate G of the PMOS
transistor 1328, as a gate capacitance associated with the gate G of the PMOS transistor
1328 is charged with the memory voltage Vppar, while the memory power switch
selection signal 520M has a logic low value ‘0’.

[0071] With continuing reference to Figure 13, because the memory voltage Vppay
provided by the head switch control circuit 1320 no longer deactivates the PMOS
transistor 1328 of the head switch circuit 1306, the PMOS transistor 1328 may be
activated so as to provide the output voltage V to the power multiplexing circuit 502.
However, rather than fully activating the PMOS transistor 1328 in a substantially
instantaneous manner, the current sink circuit 1324 is configured to gradually activate
the PMOS transistor 1328 over time such that the output voltage V of the memory
power switch selection signal 520 provided by the head switch circuit 1306 ramps up
over time. The gate G of the NMOS transistor 1330 of the current sink circuit 1324 is

driven by the constant voltage source 1334 in this example so as to activate the NMOS
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transistor 1330 to a level that causes the voltage on the gate G of the PMOS transistor
1328 of the head switch circuit 1306 to gradually discharge through the NMOS
transistor 1330 to the ground source 1332.

[0072] With continuing reference to Figure 13, as the voltage on the gate G of the
PMOS transistor 1328 discharges, the PMOS transistor 1328 gradually activates.
Notably, the level of the output voltage V of the memory power switch selection signal
520 to the power multiplexing circuit 502 by the head switch circuit 1306 corresponds
to the level at which the PMOS transistor 1328 is activated. In other words, as the
current sink circuit 1324 discharges the voltage on the gate G of the PMOS wransistor
1328, the voltage on the gate G of the PMOS transistor 1328 crosses a threshold voltage
of the PMOS transistor 1328. As the voltage on the gate G of the PMOS transistor 1328
crosses the threshold voltage, the PMOS transistor 1328 turns-on and provides a
progressively higher output voltage V of the memory power switch selection signal 520
to the power multiplexing circuit 502. In this manner, the output voltage V of the
memory power switch selection signal 520 provided to the power multiplexing circuit
502 gradually ramps up to the full memory voltage Vppa, as the voltage on the gate G
of the PMOS transistor 1328 crosses the threshold voltage.

[0073] Power multiplexing systems that are configured to adaptively control drive
strength of multiplexed power from supply power rails in a power multiplexing system
to a powered circuit, in accordance with the aspects in this disclosure, may also include
a first supply means for selectively driving a first voltage at a first supply power rail to
an output power rail at a first drive strength based on a first drive strength indicator in
response to a first supply power rail selection indicator indicating a first supply power
rail selection enable state. Such power multiplexing systems may also include a second
supply means for selectively driving a second voltage at a second supply power rail to
the output power rail at a second drive strength based on a second drive strength
indicator in response to a second supply power rail selection indicator indicating a
second supply power rail selection enable state. Such power multiplexing systems may
also include a means for monitoring an output voltage of the output power rail. Such
power multiplexing systems may also include a means for comparing a voltage level of
the output voltage at the output power rail to a first reference voltage level associated

with a first supply selection circuit, in response to the first supply power rail selection
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indicator indicating the first supply power rail selection enable state. Such power
multiplexing systems may also include a means for selectively generating the first drive
strength indicator based on the means for comparing the voltage level of the output
voltage at the output power rail to the first reference voltage level, in response to the
first supply power rail selection indicator indicating the first supply power rail selection
enable state. Such power multiplexing systems may also include a means for comparing
the voltage level of the output voltage at the output power rail to a second reference
voltage level associated with a second supply selection circuit in response to the second
supply power rail selection indicator indicating the second supply power rail selection
enable state. Such power multiplexing systems may also include a means for selectively
generating the second drive strength indicator based on the means for comparing the
voltage level of the output voltage at the output power rail to the second reference
voltage level in response to the second supply power rail selection indicator indicating
the second supply power rail selection enable state.

[0074] Power multiplexing systems that are configured to adaptively control drive
strength of multiplexed power from supply power rails in a power multiplexing system
to a powered circuit, in accordance with the aspects in this disclosure, may be provided
in or integrated into in any processor-based device. Examples, without limitation,
include a set top box, an entertainment unit, a navigation device, a communications
device, a fixed location data unit, a mobile location data unit, a global positioning
system (GPS) device, a mobile phone, a cellular phone, a smart phone, a session
initiation protocol (SIP) phone, a tablet, a phablet, a server, a computer, a portable
computer, a mobile computing device, a wearable computing device (e.g., a smart
watch, a health or fitness tracker, eyewear, etc.), a desktop computer, a personal digital
assistant (PDA), a monitor, a computer monitor, a television, a tuner, a radio, a satellite
radio, a music player, a digital music player, a portable music player, a digital video
player, a video player, a digital video disc (DVD) player, a portable digital video player,
an automobile, a vehicle component, avionics systems, a drone, and a multicopter.
[0075] In this regard, Figure 14 illustrates an example of a processor-based system
1400 that includes a power multiplexing system 1401 configured to control the selective
coupling of one of memory and logic supply power rails 1404M, 1404L to a memory

domain 1405, such as to reduce intentional decoupling capacitance in a logic domain
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according to any of the particular aspects discussed above. The power multiplexing
system 1401 includes a power multiplexing circuit 1402 that includes adaptive drive
strength control. For example, the power multiplexing circuit 1402 may be any of the
power multiplexing circuits 202, 502 in Figures 2 and 5, respectively, as examples. In
this example, the memory domain 1405 includes a cache memory 1408 that is included
in a processor 1410 and coupled to one or more central processing units (CPUs) 1412
for rapid access to temporarily stored data. The power multiplexing system 1401 has a
memory power input 1416M coupled to the memory supply power rail 1404M and a
logic power input 1416L coupled to the logic supply power rail 1404L. The power
multiplexing system 1401 has a power output 1418 coupled to an output power rail
1406 configured to provide power to the memory domain 1405. The power
multiplexing system 1401 is configured to multiplex logic voltage Vppa, on the logic
supply power rail 1404L to the output power rail 1406 when the logic voltage Vppq, is
at or above the minimum operating voltage of the memory domain 1405. The power
multiplexing system 1401 is configured to multiplex the memory voltage Vppa from
the memory supply power rail 1404M on the output power rail 1406 when the logic
voltage Vppq, is below the minimum operating voltage of the memory domain 1405.
Any of the features and examples described above with regard to the power
multiplexing circuits 202, 502 can be provided in the power multiplexing system 1401.

[0076] In this example, the processor-based system 1400 also includes one or more
processors 1410, each including one or more CPUs 1412. The processors 1410 include
the cache memory 1408 coupled to the CPU(s) 1412 for rapid access to temporarily
stored data. The processors 1410 are coupled to a system bus 1422 and can intercouple
master and slave devices included in the processor-based system 1400. As is well
known, the processors 1410 communicate with these other devices by exchanging
address, control, and data information over the system bus 1422. For example, the
processors 1410 can communicate bus transaction requests to a memory controller 1424
in a memory system 1426 as an example of a slave device. Although not illustrated in
Figure 14, multiple system buses 1422 could be provided, wherein each system bus
1422 constitutes a different fabric. In this example, the memory controller 1424 is
configured to provide memory access requests to one or more memory arrays 1428 in

the memory system 1426.
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[0077] Other devices can be connected to the system bus 1422, As illustrated in
Figure 14, these devices can include one or more input devices 1430, one or more
output devices 1432, one or more network interface devices 1434, and one or more
display controllers 1436, as examples. The input device(s) 1430 can include any type of
input device, including but not limited to input keys, switches, voice processors, etc.
The output device(s) 1432 can include any type of output device, including but not
limited to audio, video, other visual indicators, etc. The network interface device(s)
1434 can be any devices configured to allow exchange of data to and from a network
1438. The network 1438 can be any type of network, including but not limited to a
wired or wireless network, a private or public network, a local area network (LAN), a
wireless local area network (WLAN), a wide area network (WAN), a BLUETOOTH™
network, and the Internet. The network interface device(s) 1434 can be configured to
support any type of communications protocol desired.

[0078] The processors 1410 may also be configured to access the display
controller(s) 1436 over the system bus 1422 to control information sent to one or more
displays 1440. The display controller(s) 1436 sends information to the display(s) 1440
to be displayed via one or more video processors 1442, which process the information
to be displayed into a format suitable for the display(s) 1440. The display(s) 1440 can
include any type of display, including but not limited to a cathode ray tube (CRT), a
liquid crystal display (LCD), a plasma display, etc.

[0079] Those of skill in the art will further appreciate that the various illustrative
logical blocks, modules, circuits, and algorithms described in connection with the
aspects disclosed herein may be implemented as electronic hardware, instructions stored
in memory or in another computer-readable medium and executed by a processor or
other processing device, or combinations of both. The master and slave devices
described herein may be employed in any circuit, hardware component, integrated
circuit (IC), or IC chip, as examples. Memory disclosed herein may be any type and
size of memory and may be configured to store any type of information desired. To
clearly illustrate this interchangeability, various illustrative components, blocks,
modules, circuits, and steps have been described above generally in terms of their
functionality. How such functionality is implemented depends upon the particular

application, design choices, and/or design constraints imposed on the overall system.
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Skilled artisans may implement the described functionality in varying ways for each
particular application, but such implementation decisions should not be interpreted as
causing a departure from the scope of the present disclosure.

[0080] The various illustrative logical blocks, modules, and circuits described in
connection with the aspects disclosed herein may be implemented or performed with a
processor, a Digital Signal Processor (DSP), an Application Specific Integrated Circuit
(ASIC), a Field Programmable Gate Array (FPGA) or other programmable logic device,
discrete gate or transistor logic, discrete hardware components, or any combination
thereof designed to perform the functions described herein. A processor may be a
microprocessor, but in the alternative, the processor may be any conventional processor,
controller, microcontroller, or state machine. A processor may also be implemented as
a combination of computing devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or more microprocessors in
conjunction with a DSP core, or any other such configuration.

[0081] The aspects disclosed herein may be embodied in hardware and in
instructions that are stored in hardware, and may reside, for example, in Random Access
Memory (RAM), f{lash memory, Read Only Memory (ROM), Electrically
Programmable ROM (EPROM), Electrically FErasable Programmable ROM
(EEPROM), registers, a hard disk, a removable disk, a CD-ROM, or any other form of
computer readable medium known in the art. An exemplary storage medium is coupled
to the processor such that the processor can read information from, and write
information to, the storage medium. In the alternative, the storage medium may be
integral to the processor. The processor and the storage medium may reside in an ASIC.
The ASIC may reside in a remote station. In the alternative, the processor and the
storage medium may reside as discrete components in a remote station, base station, or
server.

[0082] It is also noted that the operational steps described in any of the exemplary
aspects herein are described to provide examples and discussion. The operations
described may be performed in numerous different sequences other than the illustrated
sequences. Furthermore, operations described in a single operational step may actually
be performed in a number of different steps. Additionally, one or more operational

steps discussed in the exemplary aspects may be combined. It is to be understood that
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the operational steps illustrated in the flow chart diagrams may be subject to numerous
different modifications as will be readily apparent to one of skill in the art. Those of
skill in the art will also understand that information and signals may be represented
using any of a variety of different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols, and chips that may be
referenced throughout the above description may be represented by voltages, currents,
electromagnetic waves, magnetic fields or particles, optical fields or particles, or any
combination thereof.

[0083] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of
the disclosure. Thus, the disclosure is not intended to be limited to the examples and
designs described herein, but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.
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CLAIMS:

1. A power multiplexing system, comprising:
a power multiplexing circuit, comprising:

a first supply selection circuit coupled between a first supply power rail having
a first voltage and an output power rail coupled to at least one powered circuit;

a second supply selection circuit coupled between a second supply power rail
having a second voltage and the output power rail;

the first supply selection circuit configured to selectively drive the first voltage
at the first supply power rail to the output power rail at a first drive strength based on a first
drive strength indicator to variably adjust the output impedance of the first supply selection
circuit; and

the second supply selection circuit configured to selectively drive the second
voltage at the second supply power rail to the output power rail at a second drive strength
based on a second drive strength indicator to variably adjust the output impedance of the
second supply selection circuit;

wherein the first supply selection circuit further comprises a diode drop control
circuit configured to establish a first diode drop connection between the first supply power rail
and the output power rail, in response to a supply power rail switch signal indicating a supply
power rail switch enable state to switch from supplying power to the output power rail via the
first supply selection circuit to supplying power via the second supply selection circuit while
the first diode drop connection is established; and at least one control circuit configured to:

receive a first supply power rail selection indicator indicating a first supply
power rail selection enable state in response to the second voltage being a voltage level less
than a threshold voltage;

receive a second supply power rail selection indicator indicating a second
supply power rail selection enable state in response to the second voltage being a voltage level
equal to or higher than the threshold voltage;

monitor an output voltage of the output power rail; and

in response to the first supply power rail selection indicator indicating the first

supply power rail selection enable state:
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compare a voltage level of the output voltage at the output power rail to a first
reference voltage level associated with the first supply selection circuit; and
selectively generate the first drive strength indicator based on the comparison
of the voltage level of the output voltage at the output power rail to the first reference voltage
level; and
in response to the second supply power rail selection indicator indicating the second
supply power rail selection enable state:
compare the voltage level of the output voltage at the output power rail to a
second reference voltage level associated with the second supply selection circuit; and
selectively generate the second drive strength indicator based on the
comparison of the voltage level of the output voltage at the output power rail to the second

reference voltage level.

2. The power multiplexing system of claim 1, wherein:
the first supply selection circuit comprises a first power switch circuit coupled
between the first supply power rail and the output power rail coupled to the at least one
powered circuit, the first power switch circuit configured to:
receive the first drive strength indicator; and
selectively drive the first voltage at the first supply power rail to the output
power rail at the first drive strength based on the first drive strength indicator; and
the second supply selection circuit comprises a second power switch circuit coupled
between the second supply power rail and the output power rail, the second power switch
circuit configured to:
receive the second drive strength indicator; and
selectively drive the second voltage at the second supply power rail to the

output power rail at the second drive strength based on the second drive strength indicator.

3. The power multiplexing system of claim 2, wherein:
the first power switch circuit comprises a first plurality of power head switches each
having an associated drive strength and coupled between the first supply power rail and the

output power rail, each of the first plurality of power head switches configured to:
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receive an associated first power switch selection signal of the first drive
strength indicator; and
selectively drive the first voltage at the first supply power rail to the output
power rail in response to the received associated first power switch selection signal; and
the second power switch circuit comprises a second plurality of power head switches
each having an associated drive strength and coupled between the second supply power rail
and the output power rail, each of the second plurality of power head switches configured to:
receive an associated second power switch selection signal of the second drive
strength indicator; and
selectively drive the second voltage at the second supply power rail to the output

power rail in response to the received associated second power switch selection signal.

4. The power multiplexing system of claim 3, wherein:

the first plurality of power head switches comprise a first plurality of transistors each
comprising a first drain, a first source, and a first gate configured to receive the associated
first power switch selection signal, each configured to drive the first voltage at the first supply
power rail to the output power rail in response to a voltage of the associated first power switch
selection signal applied to the first gate; and

the second plurality of power head switches comprise a second plurality of transistors
each comprising a second drain, a second source, and a second gate configured to receive the
associated second power switch selection signal, each configured to drive the second voltage
at the second supply power rail to the output power rail in response to a voltage of the

associated second power switch selection signal applied to the second gate.

5. The power multiplexing system of claim 3, further comprising a slow ramp circuit
configured to:
in response to the received associated first supply power rail selection indicator
indicating the first power switch selection enable state;
receive the first drive strength indicator; and
control a ramping rate of the first drive strength indicator; and
in response to the received associated second supply power rail selection indicator

indicating the second power switch selection enable state;
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receive the second drive strength indicator; and

control a ramping rate of the second drive strength indicator.

6. The power multiplexing system of claim 5, wherein the slow ramp circuit comprises:

a head switch control circuit configured to provide a drive strength indicator in
response to the first power switch selection signal received on an enable input;

a head switch circuit configured to generate a ramp control signal to control
providing the drive strength indicator by the head switch control circuit in response to the first
power switch selection signal; and

a current sink circuit coupled to a slow ramp control input, the current sink circuit

configured to control a ramping rate of the drive strength indicator.

7. The power multiplexing system of claim 1, wherein the diode drop control circuit is
further configured to disconnect the first diode drop connection between the first supply
power rail and the output power rail, in response to the supply power rail switch signal

indicating a supply power rail switch disable state.

8. The power multiplexing system of claim 1, wherein, in response to the first voltage
being higher than the second voltage, the diode drop control circuit is further configured to
maintain a voltage of a second threshold voltage below the first voltage at the output power
rail, in response to the supply power rail switch signal indicating the supply power rail switch

enable state.

9. The power multiplexing system of claim 1, wherein, in response to the first voltage
being lower than the second voltage, the diode drop control circuit is further configured to
prevent or reduce current flow from the output power rail to the first supply power rail, in
response to the supply power rail switch signal indicating the supply power rail switch enable

state.

10. The power multiplexing system of claim 1, wherein, wherein the diode drop control
circuit comprises:
a diode drop input coupled to a first power rail selection input of the first supply

selection circuit;
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a diode drop control input configured to receive the supply power rail switch signal;
and

a diode drop output coupled to a first power output;

the diode drop control circuit configured to establish the first diode drop connection
between the first power rail selection input and the first power output, in response to the

supply power rail switch signal indicating the supply power rail switch enable state.

1. The power multiplexing system of claim 1, wherein the at least one control circuit
comprises a first adaptive mode selection circuit configured to:

selectively provide the first drive strength indicator as a first bypass drive strength
indicator in response to a first adaptive mode selection signal indicating an adaptive mode
disable state; and

selectively provide the first drive strength indicator as a first adaptive drive strength
indicator in response to the first adaptive mode selection signal indicating an adaptive mode

enable state.

12. The power multiplexing system of claim 11, wherein the at least one control circuit
further comprises a second adaptive mode selection circuit configured to:

selectively provide the second drive strength indicator as a second bypass drive
strength indicator in response to a second adaptive mode selection signal indicating an
adaptive mode disable state; and

selectively provide the second drive strength indicator as a second adaptive drive
strength indicator in response to the second adaptive mode selection signal indicating an

adaptive mode enable state.

13. The power multiplexing system of claim 11, wherein the first adaptive mode
selection circuit comprises a first multiplexer circuit, comprising:
a first input configured to receive the first bypass drive strength indicator;
a second input configured to receive the first adaptive drive strength indicator;
a selection input configured to receive the first adaptive mode selection signal; and
an output configured to provide the first drive strength indicator;

the first multiplexer circuit configured to:
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selectively provide the first bypass drive strength indicator from the first input
to the output in response to the first adaptive mode selection signal from the selection input
indicating the adaptive mode disable state; and

selectively provide the first adaptive drive strength indicator from the second
input to the output in response to the first adaptive mode selection signal from the selection

input indicating the adaptive mode enable state.

14. The power multiplexing system of claim 1, wherein the at least one control circuit
comprises:

a comparator circuit configured to generate a comparison output signal indicative of
a comparison in voltage level between the output voltage and a reference output voltage; and

a counter circuit configured to update a count value of a counter indicative of the
voltage level based on the comparison output signal, and generate a drive strength indicator
indicative of the voltage level of the output voltage;

the at least one control circuit configured to generate the first drive strength indicator
comprising the drive strength indicator in response to the first supply power rail selection

indicator indicating the first supply power rail selection enable state.

15. The power multiplexing system of claim 14, wherein the at least one control circuit is
further configured to generate the second drive strength indicator comprising a drive strength
indicator in response to the second supply power rail selection indicator indicating the second

supply power rail selection enable state.

16. The power multiplexing system of claim 14, wherein the at least one control circuit
further comprises a digital-to-analog converter (DAC) circuit configured to generate the

reference output voltage based on a received code word.

17. The power multiplexing system of claim 14, wherein the counter circuit is further

configured to update the count value of the counter in response to a received clock signal.

18. The power multiplexing system of claim 1, wherein the at least one control circuit

comprises:
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a first voltage controlled oscillator (VCO) configured to generate a first control
voltage at a first frequency based on a reference voltage;
a second VCO configured to generate a second control voltage at a second frequency
based on the output voltage at the output power rail; and
a state machine circuit configured to:
generate the first drive strength indicator based on a comparison of the first
frequency of the first control voltage to the second frequency of the second control voltage in
response to the first supply power rail selection indicator indicating the first supply power rail

selection enable state.

19. The power multiplexing system of claim 18, wherein the state machine circuit is
further configured to generate the second drive strength indicator based on a comparison of
the first frequency of the first control voltage to the second frequency of the second control
voltage in response to the second supply power rail selection indicator indicating the second

supply power rail selection enable state.

20. The power multiplexing system of claim 18, wherein the state machine circuit

comprises a phase frequency detector.

21. The power multiplexing system of claim 1, wherein:

the first supply power rail comprises a memory supply power rail configured to
receive a memory voltage as the first voltage from a memory power supply in a memory
domain;

the second supply power rail comprises a logic supply power rail configured to
receive a logic voltage as the second voltage from a logic power supply in a logic domain; and

the at least one powered circuit comprises at least one memory array;

the at least one control circuit is configured to:

receive the first supply power rail selection indicator indicating a first supply

power rail selection enable state in response to the logic voltage being a voltage level less than

the threshold voltage for data retention in the at least one memory array; and
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receive the second supply power rail selection indicator indicating a second
supply power rail selection enable state in response to the logic voltage being a voltage level
equal to or higher the threshold voltage for data retention in the at least one memory array;
the first supply selection circuit is configured to selectively drive the memory voltage
at the memory supply power rail to the output power rail at the first drive strength based on
the first drive strength indicator; and
the second supply selection circuit is configured to selectively drive the logic voltage

to the output power rail at the second drive strength based on the second drive strength

indicator.
22. The power multiplexing system of claim 1 integrated into a system-on-a-chip (SoC).
23. The power multiplexing system of claim 1 integrated into a device selected from the

group consisting of: a set top box; an entertainment unit; a navigation device; a
communications device; a fixed location data unit; a mobile location data unit; a global
positioning system (GPS) device; a mobile phone; a cellular phone; a smart phone; a session
initiation protocol (SIP) phone; a tablet; a phablet; a server; a computer; a portable computer;
a mobile computing device; a wearable computing device; a desktop computer; a personal
digital assistant (PDA); a monitor; a computer monitor; a television; a tuner; a radio; a
satellite radio; a music player; a digital music player; a portable music player; a digital video
player; a video player; a digital video disc (DVD) player; a portable digital video player; an

automobile; a vehicle component; avionics systems; a drone; and a multicopter.

24, A power multiplexing system, comprising:

a first supply means for selectively driving a first voltage at a first supply power rail
to an output power rail at a first drive strength based on a first drive strength indicator;

a second supply means for selectively driving a second voltage at a second supply
power rail to the output power rail at a second drive strength based on a second drive strength
indicator;

a means for establishing a first diode drop connection between the first supply power
rail and the output power rail, in response to a supply power rail switch signal indicating a

supply power rail switch enable state to switch from supplying power to the output power rail
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via the first supply means to supplying power via the second supply means while the first
diode drop connection is established;

a means for receiving a first supply power rail selection indicator indicating a first
supply power rail selection enable state in response to the second voltage being a voltage level
less than a threshold voltage;

a means for receiving a second supply power rail selection indicator indicating a
second supply power rail selection enable state in response to the second voltage being a
voltage level equal to or higher than the threshold voltage;

a means for monitoring an output voltage of the output power rail;

a means for comparing a voltage level of the output voltage at the output power rail
to a first reference voltage level associated with a first supply selection circuit, in response to
the first supply power rail selection indicator indicating the first supply power rail selection
enable state;

a means for selectively generating the first drive strength indicator based on the
means for comparing the voltage level of the output voltage at the output power rail to the first
reference voltage level, in response to the first supply power rail selection indicator indicating
the first supply power rail selection enable state;

a means for comparing the voltage level of the output voltage at the output power rail
to a second reference voltage level associated with a second supply selection circuit in
response to the second supply power rail selection indicator indicating the second supply
power rail selection enable state; and

a means for selectively generating the second drive strength indicator based on the
means for comparing the voltage level of the output voltage at the output power rail to the
second reference voltage level in response to the second supply power rail selection indicator

indicating the second supply power rail selection enable state.

25. A method of adaptively controlling drive strength of multiplexed power from supply
power rails in a power multiplexing circuit to a powered circuit, comprising:

monitoring an output voltage of an output power rail;

in response to a first supply power rail selection indicator indicating a first supply

power rail selection enable state:
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comparing a voltage level of the output voltage at the output power rail to a
first reference voltage level associated with a first supply selection circuit;
selectively generating a first drive strength indicator based on the comparison
of the voltage level of the output voltage at the output power rail to the first reference voltage
level; and
selectively driving a first voltage at a first supply power rail to the output
power rail via a first supply selection circuit at a first drive strength based on the first drive
strength indicator variably adjusting the output impedance of the first supply selection circuit;
in response to a second supply power rail selection indicator indicating a second
supply power rail selection enable state:
comparing the voltage level of the output voltage at the output power rail to a
second reference voltage level associated with a second supply selection circuit;
selectively generating a second drive strength indicator based on the
comparison of the voltage level of the output voltage at the output power rail to the second
reference voltage level; and
selectively driving a second voltage at a second supply power rail to the output
power rail via a second supply selection circuit at a second drive strength based on the second
drive strength indicator variably adjusting the output impedance of the second supply
selection circuit;
generating the first supply power rail selection indicator indicating the first supply
power rail selection enable state in response to the second voltage being a voltage level less
than a threshold voltage;
generating the second supply power rail selection indicator indicating the second
supply power rail selection enable state in response to the second voltage being a voltage level
equal to or higher than the threshold voltage; and
establishing a diode drop connection between the first supply power rail and the
output power rail, in response to a supply power rail switch signal indicating a supply power
rail switch enable state to switch from supplying power to the output power rail via the first
supply selection circuit to supplying power via the second supply selecting circuit while the

first diode drop connection is established.
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26. The method of claim 25, wherein:

selectively driving the first voltage at the first supply power rail comprises
selectively driving one or more power head switches of a first plurality of power head
switches each having an associated drive strength and coupled between the first supply power
rail and the output power rail, based on the first drive strength indicator; and

selectively driving the second voltage at the second supply power rail comprises
selectively driving one or more power head switches of a second plurality of power head
switches each having an associated drive strength and coupled between the second supply

power rail and the output power rail, based on the second drive strength indicator.

27. The method of claim 26, further comprising:
generating a ramp control signal to control providing a drive strength indicator in
response to a first power switch selection signal; and

controlling a ramping rate of the drive strength indicator.

28. The method of claim 25, further comprising disconnecting the diode drop connection
between the first supply power rail and the output power rail, in response to the supply power

rail switch signal indicating a supply power rail switch disable state.

29. The method of claim 25, further comprising maintaining a voltage of a second
threshold voltage below the first voltage at the output power rail for the diode drop
connection, in response to the supply power rail switch signal indicating the supply power rail

switch enable state, and in response to the first voltage being higher than the second voltage.

30. The method of claim 25, further comprising preventing or reducing current flow from
the output power rail to the first supply power rail, in response to the supply power rail switch
signal indicating the supply power rail switch enable state, and in response to the first voltage

being lower than the second voltage.

31. The method of claim 25, further comprising:
selectively providing the first drive strength indicator as a first bypass drive strength
indicator in response to a first adaptive mode selection signal indicating an adaptive mode

disable state; and
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selectively providing the first drive strength indicator as a first adaptive drive
strength indicator in response to the first adaptive mode selection signal indicating an adaptive

mode enable state.

32. The method of claim 31, further comprising:

selectively providing the second drive strength indicator as a second bypass drive
strength indicator in response to a second adaptive mode selection signal indicating an
adaptive mode disable state; and

selectively providing the second drive strength indicator as a second adaptive drive
strength indicator in response to the second adaptive mode selection signal indicating an

adaptive mode enable state.

33. The method of claim 25, wherein selectively generating the first drive strength
indicator based on the comparison of the voltage level of the output voltage at the output
power rail to the first reference voltage level, comprises:

generating a comparison output signal indicative of a comparison in voltage level
between the output voltage and a reference output voltage;

updating a count value of a counter indicative of the voltage level based on the
comparison output signal;

generating a drive strength indicator indicative of the voltage level of the output
voltage; and

generating the first drive strength indicator comprising the drive strength indicator in
response to the first supply power rail selection indicator indicating the first supply power rail

selection enable state.

34. The method of claim 25, wherein selectively generating the second drive strength
indicator based on the comparison of the voltage level of the output voltage at the output
power rail to the second reference voltage level, comprises:

generating a comparison output signal indicative of the comparison in voltage level
between the output voltage and a reference output voltage; and

updating a count value of a counter indicative of the voltage level based on the

comparison output signal;
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generating a second power rail drive strength indicator indicative of the voltage level
of the output voltage; and

generating the second drive strength indicator comprising the drive strength indicator
in response to the second supply power rail selection indicator indicating the second supply

power rail selection enable state.

35. The method of claim 25, wherein selectively generating the first drive strength
indicator based on the comparison of the voltage level of the output voltage at the output
power rail to the first reference voltage level comprises:

generating a first control voltage at a first frequency based on a reference voltage;

generating a second control voltage at a second frequency based on the output
voltage at the output power rail; and

generating the first drive strength indicator based on a comparison of the first
frequency of the first control voltage to the second frequency of the second control voltage in
response to the first supply power rail selection indicator indicating the first supply power rail

selection enable state.

36. The method of claim 35, further comprising generating the second drive strength
indicator based on the comparison of the first frequency of the first control voltage to the
second frequency of the second control voltage in response to the second supply power rail

selection indicator indicating the second supply power rail selection enable state.
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