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(57) Abstract: Switched power control circuits for controlling the rate of
1o providing voltages to powered circuits are disclosed. In one aspect, a
| switched power control circuit is provided that is configured to control ac-
tivation of a headswitch circuit such that the headswitch circuit gradually
provides a supply voltage to a powered circuit rather than providing full sup -
L ply voltage in a substantially instantaneous manner. To gradually ramp up an
output voltage, the headswitch circuit is contigured to provide the output
o voltage to the powered circuit in response to a control signal received on a
control input. The control signal is generated by a control circuit in response
to an enable signal. To prevent the headswitch circuit from providing the full
supply voltage to the powered circuit instantaneously, a current sink circuit
is configured to control a ramping rate of the output voltage generated by the
headswitch circuit.
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SWITCHED POWER CONTROL CIRCUITS FOR CONTROLLING THE
RATE OF PROVIDING VOLTAGES TO POWERED CIRCUITS, AND
RELATED SYSTEMS AND METHODS

PRIORITY APPLICATION
[0001] The present application claims priority to U.S. Patent Application Serial No.
14/826,472, filed on August 14, 2015 and entitled “SWITCHED POWER CONTROL
CIRCUITS FOR CONTROLLING THE RATE OF PROVIDING VOLTAGES TO
POWERED CIRCUITS, AND RELATED SYSTEMS AND METHODS,” which is

incorporated herein by reference in its entirety.

BACKGROUND
I. Field of the Disclosure

[0002] The technology of the disclosure relates generally to controlling voltage slew
rates, and particularly to circuits that control the rate at which voltage is supplied to a

load circuit.

II. Background

[0003] Processor-based systems employ voltage supply sources for providing
voltage to various components for operation. Rather than coupling voltage supply
sources directly to the components, a processor-based system may employ headswitch
devices that distribute voltage from one or more voltage supply sources within the
processor-based system. Notably, instead of continuously providing voltage to
components within the processor-based system, headswitch devices can be provided and
configured to provide voltage to corresponding power distribution networks within
these components during active operation. In this manner, power consumption of a
processor-based system may be reduced when components are not operating.

[0004] For example, to provide voltage to a processor core for powering the
processor core, multiple headswitch devices are commonly disposed at locations on a
processing system die around a perimeter of the processor core. Distributing the
placement of headswitch devices strategically at locations around the perimeter of the
processing core allows a supply voltage to be provided to multiple areas of the

processor core with less complex wiring, as compared to providing the supply voltage
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from a single node. In this manner, the headswitch devices are configured to receive the
supply voltage from one or more voltage supply sources. To control the distribution of
the supply voltage from the headswitch devices distributed on the processing system
die, the headswitch devices are configured to be controlled by control signals. The
control signals are provided from the processor core to activate the headswitch devices
to supply power to the power distribution network of the processor core.

[0005] However, prior to receiving the supply voltage from the headswitch devices,
the processor core may be in an idle state, wherein voltage provided to the processor
core may be reduced or collapsed to reduce power consumption. Thus, the voltage level
of the corresponding power distribution network within the processor core may be
approximately equal to zero Volts (0V). However, when the processor core transitions
from an idle state to an active state, the processor core sends a control signal to the
headswitch devices to increase the voltage provided to the processor core. Upon
receiving the supply voltage from the voltage supply sources by way of the headswitch
devices, the voltage of the processor core is raised from a lower voltage to the supply
voltage in a substantially instantaneous manner. This fast voltage step may cause
prolonged resonance within the power distribution network of the processor core.
Notably, a processor core cannot operate until resonance on the corresponding power
distribution network subsides. However, delaying operation of a processor core until
resonance on the power distribution network subsides reduces the performance of the

Processor core.

SUMMARY OF THE DISCLOSURE

[0006] Aspects disclosed in the detailed description include switched power control

circuits for controlling the rate of providing voltages to powered circuits. Related
systems and methods are also disclosed. In one aspect, a switched power control circuit
is provided. The switched power control circuit is configured to control activation of a
headswitch circuit such that the headswitch circuit gradually provides a supply voltage
to a powered circuit. This is as opposed to providing the full supply voltage in a
substantially instantaneous manner. To gradually provide the supply voltage, an output
voltage is provided, wherein the output voltage is ramped up to the supply voltage. To

gradually ramp up the output voltage provided by the headswitch circuit to the powered
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circuit, the headswitch circuit is configured to provide the output voltage generated from
a voltage supply source to the powered circuit in response to a control signal received
on a control input. The control signal is generated by a control circuit in response to an
enable signal. To prevent the headswitch circuit from instantaneously providing the full
supply voltage to the powered circuit, a current sink circuit is provided. The current
sink circuit is configured to control a ramping rate of the output voltage generated by
the headswitch circuit. Controlling the ramping rate corresponds to gradually activating
the headswitch circuit over time, wherein the amount of supply voltage allowed to pass
through the headswitch circuit is limited by the level of activation of the headswitch
circuit. By using the switched power control circuit to gradually provide the supply
voltage, the switched power control circuit may provide the supply voltage in a
controlled manner, which may reduce or avoid prolonged resonance on a power
distribution network within the powered circuit. Because the powered circuit delays
operation until such resonance subsides, using the switched power control circuit to
reduce or avoid the resonance increases the performance of the powered circuit.

[0007] In this regard, in one aspect, a switched power control circuit is disclosed.
The switched power control circuit comprises a headswitch circuit. The headswitch
circuit is configured to provide an output voltage generated from a voltage supply
source to a powered circuit in response to a control signal received on a control input.
The switched power control circuit further comprises a control circuit configured to
generate the control signal to control the providing of the output voltage by the
headswitch circuit to the powered circuit in response to an enable signal. The switched
power control circuit further comprises a current sink circuit coupled to the control
input, the current sink circuit configured to control a ramping rate of the output voltage
generated by the headswitch circuit.

[0008] In another aspect, a switched power control circuit is disclosed. The
switched power control circuit comprises a means for providing an output voltage
generated from a voltage supply source to a powered circuit in response to a control
signal received on a control input. The switched power control circuit further comprises
a means for generating the control signal to control the providing of the output voltage
by the means for providing the output voltage to the powered circuit. The switched

power control circuit further comprises a means for controlling a ramping rate of the
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output voltage generated by the means for providing the output voltage to the powered
circuit.

[0009] In another aspect, a method for gradually providing a supply voltage to a
powered circuit is disclosed. The method comprises generating a control signal to
control providing of an output voltage generated from a voltage supply source by a
headswitch circuit to a powered circuit in response to an enable signal. The method
further comprises controlling a ramping rate of the output voltage generated by the
headswitch circuit by a current sink circuit coupled to a control input of the headswitch
circuit. The method further comprises providing the output voltage to the powered
circuit from the headswitch circuit in response to the control signal received on the
control input.

[0010] In another aspect, a block headswitch system is disclosed. The block
headswitch system comprises a plurality of switched power control circuits. Each
switched power control circuit comprises an enable input configured to receive an
enable signal. Each switched power control circuit further comprises an enable output
configured to provide the enable signal. Each switched power control circuit further
comprises a headswitch circuit configured to provide an output voltage generated from a
voltage supply source to a powered circuit in response to a control signal received on a
control input. Each switched power control circuit further comprises a control circuit
configured to generate the control signal to control the providing of the output voltage
by the headswitch circuit to the powered circuit in response to the enable signal. Each
switched power control circuit further comprises a current sink circuit coupled to the
control input. The current sink circuit is configured to control a ramping rate of the

output voltage generated by the headswitch circuit.

BRIEF DESCRIPTION OF THE FIGURES

[0011] Figure 1 is a circuit diagram of an exemplary switched power control circuit

configured to gradually provide a supply voltage to a powered circuit to reduce or avoid
resonance in the powered circuit, and thus increase performance;

[0012] Figure 2 is a flowchart illustrating an exemplary process for gradually
providing the supply voltage to the powered circuit in Figure 1 to reduce or avoid

resonance in the powered circuit;
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[0013] Figure 3 is a graph illustrating that the supply voltage provided by the
switched power control circuit in Figure 1 is provided gradually over time;

[0014] Figure 4 is a circuit diagram of an exemplary switched power control circuit
configured to gradually provide a supply voltage to a powered circuit to reduce or avoid
resonance in the powered circuit, wherein a ramping rate of an output voltage is
controlled by a bias generator circuit;

[0015] Figure 5 is a block diagram of an exemplary block headswitch system
configured to gradually provide a supply voltage to a processor core to reduce or avoid
resonance on a power distribution network within the processor core;

[0016] Figure 6 is a circuit diagram of another exemplary switched power control
circuit configured to gradually provide a supply voltage to a powered circuit to reduce
or avoid resonance in the powered circuit, and thus increase performance;

[0017] Figure 7 is a block diagram of another exemplary block headswitch system
configured to gradually provide a supply voltage to a processor core to reduce or avoid
resonance on a power distribution network within the processor core;

[0018] Figure 8 is a graph illustrating that voltage slew rates resulting from the
switched power control circuit in Figure 4 are approximately equal across various levels
of load current;

[0019] Figure 9 is a graph illustrating that voltage slew rates resulting from the
switched power control circuit in Figure 4 are approximately equal across various levels
of load capacitance of the powered circuit;

[0020] Figure 10 is a graph illustrating voltage slew rates generated when a bias
generator is used to bias the switched power control circuit in Figure 4;

[0021] Figure 11 is a block diagram illustrating a system wherein block headswitch
systems are distributed around a processor core, and wherein the block headswitch
systems are configured to gradually provide a supply voltage to the processor core; and
[0022] Figure 12 is a block diagram of an exemplary processor-based system that
can include the switched power control circuits of Figures 1 and 4 configured to
gradually provide a supply voltage to a powered circuit to reduce or avoid resonance in

the powered circuit.
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DETAILED DESCRIPTION

[0023] 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.

[0024] Figure 1 illustrates an exemplary switched power control circuit 100
configured to gradually provide a supply voltage (Vpp) from a voltage supply source
102 to a powered circuit 104. To gradually provide the supply voltage (Vpp), an output
voltage (V) is provided, wherein the output voltage (V) is ramped up to the supply
voltage (Vpp). By gradually providing the supply voltage (Vpp) to the powered circuit
104, the switched power control circuit 100 may provide the supply voltage (Vpp) in a
controlled manner, which may reduce or avoid resonance in a power distribution
network (PDN) (not shown) of the powered circuit 104, thus increasing the performance
of the powered circuit 104. To achieve this gradual ramping up of the output voltage
(V), the switched power control circuit 100 employs a headswitch circuit 106 that is
configured to provide the output voltage (V) generated from the voltage supply source
102 to the powered circuit 104. The headswitch circuit 106 includes a voltage input 108
that is coupled to a voltage input 110 of the switched power control circuit 100 and
configured to receive the supply voltage (Vpp) generated by the voltage supply source
102. The headswitch circuit 106 also includes a voltage output 112 that is coupled to a
voltage output 114 of the switched power control circuit 100 and configured to provide
the output voltage (V) to the powered circuit 104. The headswitch circuit 106 is
configured to provide the output voltage (V) to the powered circuit 104 in response to a
control signal 116 received on a control input 118. The control signal 116 is generated
by a control circuit 120 in response to an enable signal 122. The switched power
control circuit 100 also includes a current sink circuit 124 configured to control a
ramping rate of the output voltage (V) generated by the headswitch circuit 106, thus
allowing the headswitch circuit 106 to provide the full supply voltage (Vpp) to the
powered circuit 104 in a controlled manner to reduce or avoid resonance in the PDN of
the powered circuit 104. Controlling the ramping rate corresponds to gradually

activating (i.e., gradually turning-on) the headswitch circuit 106 over time, wherein the
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amount of supply voltage (Vpp) allowed across the headswitch circuit 106 is limited by
its level of activation.

[0025] With continuing reference to Figure 1, in this aspect, the headswitch circuit
106 is controlled by the current sink circuit 124 when the control circuit 120 generates
the control signal 116 in response to the enable signal 122 received on an enable input
126 of the switched power control circuit 100. The control signal 116 indicates that the
supply voltage (Vpp) is to be transferred from the voltage supply source 102 to the
powered circuit 104. By using the switched power control circuit 100 to gradually
provide the supply voltage (Vpp) in a controlled manner, the switched power control
circuit 100 reduces or avoids prolonged resonance on the power distribution network
within the powered circuit 104. Because the powered circuit 104 delays operation until
such resonance subsides, using the switched power control circuit 100 to reduce or
avoid this resonance increases the performance of the powered circuit 104.

[0026] With continuing reference to Figure 1, components within the switched
power control circuit 100 may employ various circuit elements to achieve the
functionality described above. In this aspect, the headswitch circuit 106 employs a p-
type metal oxide semiconductor (PMOS) transistor 128. The PMOS transistor 128
includes a source (S) that is coupled to the voltage input 108, a gate (G) that is coupled
to the control input 116, and a drain (D) that is coupled to the voltage output 112.
Additionally, in this aspect, the current sink circuit 124 includes an n-type metal oxide
semiconductor (NMOS) transistor 130. The NMOS transistor 130 includes a source (S)
that is coupled to a ground source 132, a drain (D) that is coupled to the gate (G) of the
PMOS transistor 128 of the headswitch circuit 106 (i.e., the control input 118), and a
gate (G). The gate (G) of the NMOS transistor 130 in this aspect is driven by a constant
voltage source 134. The control circuit 120 in this example employs a PMOS
transistor 136. The PMOS transistor 136 includes a source (S) that is coupled to the
voltage supply source 102, a gate (G) that is configured to receive the enable signal 122,
and a drain (D) that is coupled to the gate (G) of the PMOS transistor 128 of the
headswitch circuit 106 and the drain (D) of the NMOS transistor 130 of the current sink
circuit 124. Notably, other aspects may employ coupling the source (S) of the PMOS

transistor 136 to a voltage supply source other than the voltage supply source 102.
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[0027] With continuing reference to Figure 1, the functionality of the switched
power control circuit 100 is now described in detail. Because the enable signal 122 is
coupled to the gate (G) of the PMOS transistor 136 of the control circuit 120, the PMOS
transistor 136 is activated (i.e., turned-on) while the enable signal 122 has a logic low
‘0’ value. Further, the supply voltage (Vpp) from the voltage supply source 102 is
provided to the gate (G) of the PMOS transistor 128 of the headswitch circuit 106 while
the PMOS transistor 136 is activated. Providing the supply voltage (Vpp) to the gate
(G) of the PMOS transistor 128 deactivates (i.e., turns-off) the PMOS transistor 128 and
prevents the supply voltage (Vpp) from being provided to the powered circuit 104.
[0028] In response to the enable signal 122 transitioning to a logic high ‘1’ value,
the PMOS transistor 136 of the control circuit 120 is deactivated, which prevents the
supply voltage (Vpp) of the voltage supply source 102 from being provided to the gate
(G) of the PMOS transistor 128 of the headswitch circuit 106. However, although the
gate (G) of the PMOS transistor 128 is no longer receiving the supply voltage (Vpp)
from the voltage supply source 102, the supply voltage (Vpp) remains on the gate (G) of
the PMOS transistor 128, as a gate capacitance associated with the gate (G) of the
PMOS transistor 128 is charged with the supply voltage (Vpp) while the enable signal
122 has a logic low value ‘0’.

[0029] With continuing reference to Figure 1, because the supply voltage (Vpp)
provided by the control circuit 120 no longer deactivates the PMOS transistor 128 of the
headswitch circuit 106, the PMOS transistor 128 may be activated so as to provide the
output voltage (V) generated from the voltage supply source 102 to the powered circuit
104. However, rather than fully activating the PMOS transistor 128 in a substantially
instantaneous manner, the current sink circuit 124 is configured to gradually activate the
PMOS transistor 128 over time such that the output voltage (V) provided by the
headswitch circuit 106 ramps up over time. The gate (G) of the NMOS transistor 130 of
the current sink circuit 124 is driven by the constant voltage source 134 in this example
s0 as to activate the NMOS transistor 130 to a level that causes the voltage on the gate
(G) of the PMOS transistor 128 of the headswitch circuit 106 to gradually discharge
through the NMOS transistor 130 to the ground source 132.

[0030] With continuing reference to Figure 1, as the voltage on the gate (G) of the
PMOS transistor 128 discharges, the PMOS transistor 128 gradually activates. Notably,
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the level of the output voltage (V) provided to the powered circuit 104 by the
headswitch circuit 106 corresponds to the level at which the PMOS transistor 128 is
activated. In other words, as the current sink circuit 124 discharges the voltage on the
gate (G3) of the PMOS transistor 128, the voltage on the gate (G) of the PMOS transistor
128 crosses a threshold voltage (V) of the PMOS transistor 128. As the voltage on the
gate (G) of the PMOS transistor 128 crosses the threshold voltage (V(), the PMOS
transistor 128 turns-on and provides a progressively higher output voltage (V) to the
powered circuit 104. In this manner, the output voltage (V) provided to the powered
circuit 104 gradually ramps up to the full supply voltage (Vpp) as the voltage on the
gate (G) of the PMOS transistor 128 crosses the threshold voltage (V). By using the
switched power control circuit 100 to gradually provide the supply voltage (Vpp) in this
manner, the switched power control circuit 100 reduces or avoids prolonged resonance
on the power distribution network within the powered circuit 104. Because the powered
circuit 104 delays operation until such resonance subsides, using the switched power
control circuit 100 to reduce or avoid this resonance increases the performance of the
powered circuit 104.

[0031] In this regard, Figure 2 illustrates an exemplary process 200 employed by the
switched power control circuit 100 in Figure 1 to gradually provide the supply voltage
(Vpp) to the powered circuit 104 to reduce or avoid resonance in the powered circuit
104. The process 200 includes generating the control signal 116 to control providing of
the output voltage (V) generated from the voltage supply source 102 by the headswitch
circuit 106 to the powered circuit 104 in response to the enable signal 122 (block 202).
The process 200 also includes controlling the ramping rate of the output voltage (V)
generated by the headswitch circuit 106 by the current sink circuit 124 coupled to the
control input 118 of the headswitch circuit 106 (block 204). The process 200 further
includes providing the output voltage (V) to the powered circuit 104 from the
headswitch circuit 106 in response to the control signal 116 received on the control
input 118 (block 206). By employing the process 200, the switched power control
circuit 100 reduces or avoids prolonged resonance on the power distribution network
within the powered circuit 104. Because the powered circuit 104 delays operation until
such resonance subsides, using the switched power control circuit 100 to reduce or

avoid this resonance increases the performance of the powered circuit 104.
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[0032] In this regard, Figure 3 includes a graph 300 illustrating that the supply
voltage (Vpp) provided by the switched power control circuit 100 in Figure 1 is
provided gradually over time. A line 302 in the graph 300 represents the amount of the
supply voltage (Vpp) (i.e., the output voltage (V)) provided to the powered circuit 104
versus time. In this aspect, in response to the enable signal 122 activating the control
circuit 120 in Figure 1, activation of the headswitch circuit 106 begins at time t1. Thus,
at time t1, the level of the supply voltage (Vpp) provided by the switched power control
circuit 100 to the powered circuit 104 is approximately equal to voltage V1. As time
progresses, the current sink circuit 124 in Figure 1 controls the headswitch circuit 106 to
activate further, and thus provide a greater level of the supply voltage (Vpp) to the
powered circuit 104. In this aspect, as previously described, conditioning by the current
sink circuit 124 involves discharging the voltage on the gate (G) of the PMOS transistor
128 of the headswitch circuit 106. At time t2, the level of the supply voltage (Vpp)
provided by the switched power control circuit 100 to the powered circuit 104 is
approximately equal to voltage V2. The headswitch circuit 106 gradually reaches full
activation at time t3, wherein the level of the supply voltage (Vpp) provided to the
powered circuit 104 is approximately equal to voltage V3. Therefore, the gradual ramp
up of the supply voltage (Vpp) illustrated in the graph 300 provided by the switched
power control circuit 100 reduces or avoids resonance in the power distribution network
of the powered circuit 104, thus increasing the performance of the powered circuit 104.
[0033] Notably, the headswitch circuit 106 may also be referred to herein as a
means for providing the output voltage (V) generated from the voltage supply source
102 to the powered circuit 104. The control circuit 120 may also be referred to herein
as a means for generating the control signal 116 to control the providing of the output
voltage (V). Further, the current sink circuit 124 may also be referred to herein as a
means for controlling the ramping rate of the output voltage (V) generated by the
headswitch circuit 106.

[0034] As discussed above, the constant voltage source 134 is used to drive the
current sink circuit 124 such that the current sink circuit 124 can control the ramping
rate of the output voltage (V) generated by the headswitch circuit 106. However, due to
process, voltage, and temperature (PVT) variations, situations arise in which having the

option to program the ramping rate would be helpful. In this regard, Figure 4 illustrates

10
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another exemplary switched power control circuit 400 configured to gradually provide
the supply voltage (Vpp) to the powered circuit 104 to reduce or avoid resonance in the
powered circuit 104, wherein the ramping rate of the output voltage (V) is controlled by
a bias generator circuit 402 instead of the constant voltage source 134 in Figure 1. The
switched power control circuit 400 includes common elements with the switched power
control circuit 100 in Figure 1, wherein such elements share common element numbers
between Figures 1 and 4, and thus will not be re-described. The switched power control
circuit 400 employs a bias generator input 404 that is coupled to a bias input 406 of the
current sink circuit 124 and is configured to receive a bias voltage (Vi) from the bias
generator circuit 402. As discussed in greater detail below, the switched power control
circuit 400 also includes a bias generator output 408 that is configured to provide the
bias voltage (Vpiss) to other components. Similarly, the switched power control circuit
400 includes an enable output 410 that is configured to provide the enable signal 122 to
other components. Further, the bias generator circuit 402 is configured to provide the
bias voltage (Viias) such that the current sink circuit 124 mirrors a bias current (Iyiss)
which biases the current sink circuit 124 so as to control the rate at which the
headswitch circuit 106 is activated. Although the bias generator circuit 402 may
consume more area than the constant voltage source 134 in Figure 1, driving the current
sink circuit 124 using the bias generator circuit 402 provides greater control over the
ramping rate of the output voltage (V).

[0035] With continuing reference to Figure 4, as previously described, rather than
fully activating the PMOS transistor 128 in a substantially instantaneous manner, the
current sink circuit 124 is configured to gradually activate the PMOS transistor 128 over
time. In this manner, the gate (G) of the NMOS transistor 130 of the current sink circuit
124 mirrors the bias current (Ipi,s) from the bias generator circuit 402. In response to
mirroring the bias current (Iyi,s), the NMOS transistor 130 is activated to a level that
causes the voltage on the gate (G) of the PMOS transistor 128 of the headswitch circuit
106 to gradually discharge through the NMOS transistor 130 to the ground source 132.
Notably, in this aspect, the bias generator circuit 402 includes a current source 412
coupled to a drain (D) and a gate (G) of an NMOS transistor 414. A source (S) of the
NMOS transistor 414 is coupled to the ground source 132. Thus, the strength of the

current source 412 determines to what level the NMOS transistor 414 is activated,

11
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which controls the level of the bias voltage (Vi) that is provided from the bias
generator circuit 402 to the switched power control circuit 400. By using the switched
power control circuit 400 to gradually provide the supply voltage (Vpp) in this manner,
the switched power control circuit 400 reduces or avoids prolonged resonance on the
power distribution network as previously described. Additionally, employing the bias
generator circuit 402 provides greater programmability of the ramping rate of the output
voltage (V) generated by the headswitch circuit 106, thus enabling the switched power
control circuit 400 control over mitigating issues caused by PVT variations.

[0036] Additionally, multiple instances of the switched power control circuit 400 in
Figure 4 may be tiled together to form a larger headswitch system. In other words, a
plurality of switched power control circuits 400 may be coupled, wherein each instance
of the switched power control circuit 400 is configured to provide a voltage to an
instance of the powered circuit 104. In this regard, Figure 5 illustrates an exemplary
block headswitch system 500 that is configured to gradually provide a supply voltage
(Vpp) from the voltage supply source 102 to the powered circuit 104 to reduce or avoid
resonance on the power distribution network (not shown) within the powered circuit
104. Notably, elements associated with each instance of the switched power control
circuit 400 were previously described in Figure 4, and thus will not be re-described
herein. The block headswitch system 500 includes switched power control circuits
400(1)-400(N), wherein each of the switched power control circuits 400(1)-400(N) is
configured to gradually provide the supply voltage (Vpp) from the voltage supply
source 102 to the powered circuit 104.

[0037] With continuing reference to Figure 5, the enable signal 122 is provided to
the bias generator 402, wherein the bias generator 402 is configured to provide the bias
voltage (Vpiss) to the switched power control circuit 400(1) via the bias generator input
404(1) in response to the enable signal 122 transitioning to a logic high ‘1’ value.
Notably, the bias generator output 408(1) of the switched power control circuit 400(1) is
coupled to the bias generator input 404(2) of the switched power control circuit 400(2).
In this manner, the tiled nature of the block headswitch system 500 allows the bias
voltage (Vpiss) to be provided from the switched power control circuit 400(1) to the

switched power control circuit 400(2), and so on, for each of the switched power control

12
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circuits 400(1)-400(N). Thus, the block headswitch system 500 may bias each of the
switched power control circuits 400(1)-400(N) using only one (1) bias generator 402.
[0038] With continuing reference to Figure 5, the enable signal 122 is also provided
to the switched power control circuit 400(1) via the enable input 126(1). As previously
described with reference to Figure 4, the switched power control circuit 400(1) is
configured to gradually provide the supply voltage (Vpp) received on the voltage input
110(1) from the voltage supply source 102 to the powered circuit 104 via the voltage
output 114(1) in response to the enable signal 122 having a logic high ‘1’ value. The
enable output 410(1) of the switched power control circuit 400(1) is coupled to the
enable input 126(2) of the switched power control circuit 400(2). Notably, other aspects
may employ non-inverting buffers (not shown) between the enable input 126(1) and the
enable output 410(1) and/or between the enable output 410(1) and the enable input
126(2) to drive the enable signal 122. Thus, the tiled nature of the block headswitch
system 500 also allows the enable signal 122 to be provided from the switched power
control circuit 400(1) to the switched power control circuit 400(2), and so on, for each
of the switched power control circuits 400(1)-400(N).

[0039] With continuing reference to Figure 5, as a non-limiting example, the
powered circuit 104 may be a single processor core, wherein each of the switched power
control circuits 400(1)-400(N) is configured to provide the supply voltage (Vpp) to a
particular node of the single processor core. In other words, each switched power
control circuit 400(1)-400(N) is configured to provide the supply voltage (Vpp) to a
certain node of the powered circuit 104. Notably, although this aspect provides the
supply voltage (Vpp) to the one (1) powered circuit 104, alternative aspects may be
configured to provide the supply voltage (Vpp) from each switched power control
circuit 400(1)-400(N) to multiple corresponding powered circuits 104(1)-104(N). As a
non-limiting example, in such aspects the block headswitch system 500 may be
configured to provide the supply voltage (Vpp) to multiple processor cores, thus
allowing the possibility of simultaneously bringing up multiple processor cores with a
main power supply, such as the voltage supply source 102. Further, although this aspect
provides the supply voltage (Vpp) from the one (1) voltage supply source 102, other
aspects may be configured to receive the supply voltage (Vpp) from multiple voltage

supply sources 102(1)-102(N) (not shown). Therefore, the switched power control
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circuits 400(1)-400(N) of the block headswitch system 500 reduce or avoid prolonged
resonance on the power distribution network within the powered circuit 104 (or within
the power distribution networks of the powered circuits 104(1)-104(N)). Because the
powered circuit 104 (powered circuits 104(1)-104(N)) delays operation until such
resonance subsides, using the switched power control circuits 400(1)-400(N) to reduce
or avoid this resonance increases the performance of the powered circuit 104 (powered
circuits 104(1)-104(N)).

[0040] In addition to the switched power control circuits 100, 400 in Figures 1 and
4, respectively, other aspects may include additional components and functionality. In
this regard, Figure 6 illustrates another exemplary switched power control circuit 600
configured to gradually provide a supply voltage (Vpp) to the powered circuit 104 to
reduce or avoid resonance in the power distribution network (not shown) of the powered
circuit 104, thus increasing performance of the powered circuit 104. Notably, the
switched power control circuit 600 includes common elements with the switched power
control circuit 400 in Figure 4 wherein such elements share common element numbers
between Figures 4 and 6, and thus will not be re-described herein.

[0041] With continuing reference to Figure 6, the switched power control circuit
600 employs a fast enable input 602 that is configured to receive a fast enable signal
604. Notably, the fast enable signal 604 provides the switched power control circuit
600 with the option of providing the supply voltage (Vpp) to the powered circuit 104 in
a substantially instantaneous manner rather than gradually providing the supply voltage
(Vpp) over time. The switched power control circuit 600 employs a fast enable buffer
606 that is configured to receive the fast enable signal 604 and provide the fast enable
signal 604 to the headswitch circuit 106 in response to the enable signal 122
transitioning to a logic low ‘0’ value. In this aspect, when the enable signal 122
transitions to a logic low ‘0’ value, the PMOS transistor 136 of the control circuit 120 is
activated, allowing the supply voltage (Vpp) from the voltage supply source 102 to
activate the fast enable buffer 606. Notably, because the headswitch circuit 106
employs the PMOS transistor 128 in this aspect, an inverter 608 is configured to invert
the fast enable signal 604, wherein an inverted fast enable signal 610 is provided to the

fast enable buffer 606. However, alternative aspects that configure the headswitch
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circuit 106 to be active high instead of active low may achieve similar functionality
without the inverter 608.

[0042] With continuing reference to Figure 6, activation of the fast enable buffer
606 allows the inverted fast enable signal 610 to activate the PMOS transistor 128 in the
headswitch circuit 106, allowing the supply voltage (Vpp) to be provided in a
substantially instantaneous manner from the voltage supply source 102 to the powered
circuit 104. In other words, the fast enable signal 604 transitioning to a logic high ‘1’
value while the enable signal 122 has a logic low ‘0’ value allows the switched power
control circuit 600 to bypass the gradual activation of the headswitch circuit 106.
Alternatively, the enable signal 122 transitioning to a logic high ‘1’ value prevents
activation of the PMOS transistor 136, while activating an NMOS transistor 612. The
enable signal 122 is coupled to a gate (G) of the NMOS transistor 612. Further, a drain
(D) of the NMOS transistor 612 is coupled to the source (S) of the NMOS transistor 130
of the current sink circuit 124, and a source (S) of the NMOS transistor 612 is coupled
to a ground source 614. Thus, by activating the NMOS transistor 612, the enable signal
122 in this aspect allows a current to flow through the current sink circuit 124, thus
allowing the current sink circuit 124 to condition the headswitch circuit 106 to gradually
provide the supply voltage (Vpp) to the powered circuit 104.

[0043] With continuing reference to Figure 6, similar to the switched power control
circuit 400 in Figure 4, multiple instances of the switched power control circuit 600 may
be tiled to one another to form a block headswitch system. Thus, the switched power
control circuit 600 also includes a fast enable output 616 that is configured to provide
the fast enable signal 604 to other components.

[0044] In this regard, Figure 7 illustrates an exemplary block headswitch system
700 that can be configured to gradually provide the supply voltage (Vpp) to the powered
circuit 104 using the enable signal 122, or provide the supply voltage (Vpp) in a
substantially instantaneous manner using the fast enable signal 604. The block
headswitch system 700 includes switched power control circuits 600(1)-600(N),
wherein each of the switched power control circuits 600(1)-600(N) is configured to
receive the enable signal 122 and the fast enable signal 604. In this manner, if the
enable signal 122 has a logic high ‘1’ value, the block headswitch system 700 is
configured to gradually provide the supply voltage (Vpp) to the powered circuit 104.
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However, if the fast enable signal 604 has a logic high ‘1’ value while the enable signal
122 has a logic low ‘0’ value, the block headswitch system 700 is configured to provide
the supply voltage (Vpp) approximately instantaneously to the powered circuit 104.
Notably, similar to the block headswitch system 500 in Figure 5, each of the switched
power control circuits 600(1)-600(N) in the block headswitch system 700 may be
configured to provide the supply voltage (Vpp) to corresponding powered circuits
104(1)-104(N) rather than to multiple nodes of the single powered circuit 104.

[0045] With continuing reference to Figure 7, the block headswitch system 700 also
includes a bias enable circuit 702 that is configured to control activation of the bias
generator circuit 402 in response to the enable signal 122 and the fast enable signal 604.
In this aspect, the bias enable circuit 702 employs an inverter 704 and an NAND gate
706. The inverter 704 is configured to receive the fast enable signal 604 and provide an
inverted fast enable signal 708 to the NAND gate 706. In addition to being configured
to receive the inverted fast enable signal 708, the NAND gate 706 is configured to
receive the enable signal 122. Further, the NAND gate 706 provides a bias control input
signal 710 that controls activation of the bias generator circuit 402. In this aspect, the
bias generator circuit 402 is activated in response to the bias control input signal 710
having a logic low ‘0’ value. Thus, the bias enable circuit 702 is configured to activate
the bias generator circuit 402 when the enable signal 122 and the fast enable signal 604
both have a logic high ‘1’ value. By employing the bias enable circuit 702, the block
headswitch system 700 is configured to employ the bias voltage (V) for the switched
power control circuits 600(1)-600(N) only when the enable signal 122 and the fast
enable signal 604 indicate that the block headswitch system 700 is to provide the supply
voltage (Vpp) gradually to the powered circuit 104 rather than in a substantially
instantaneous manner.

[0046] Voltage slew rates of the supply voltage (Vpp) provided by the switched
power control circuits 100, 400, and 600 in Figures 1, 4, and 6 (referred to generally as
the switched power control circuit 100) are now described. In this regard, Figure 8
illustrates a graph 800 illustrating that voltage slew rates of the switched power control
circuit 100 are approximately equal across various levels of load current. The graph 800
represents the amount of the supply voltage (Vpp) (i.e., the output voltage (V)) provided

by the switched power control circuit 100 versus time. For example, line 802 represents
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the voltage slew rate resulting from the switched power control circuit 100 with a load
current equal to three Amps (3 A). Line 804 represents the voltage slew rate resulting
from the switched power control circuit 100 with a load current equal to one and one-
half Amps (1.5 A). Further, lines 806, 808 represent the voltage slew rate of the
switched power control circuit 100 with load currents of 200 mA and 20 mA,
respectively. As illustrated by the graph 800, the lines 802, 804, 806, and 808 slew
from zero Volts (0 V) to one Volt (1 V) at approximately equal voltage slew rates.
Thus, the switched power control circuit 100 is configured to gradually provide the
supply voltage (Vpp) at approximately equal voltage slew rates across varying load
currents.

[0047] Additionally, the switched power control circuit 100 is configured to provide
approximately equal voltage slew rates across varying load capacitances of the powered
circuit 104. In this regard, Figure 9 includes a graph 900 illustrating that voltage slew
rates resulting from the switched power control circuit 100 are approximately equal
across various levels of load capacitance of the powered circuit 104. The graph 900
represents the amount of the supply voltage (Vpp) (i.e., the output voltage (V)) provided
by the switched power control circuit 100 versus time. For example, line 902 represents
the voltage slew rate of the switched power control circuit 100 when the powered circuit
104 has a load capacitance of fifteen nano-Farads (15 nF). Line 904 represents the
voltage slew rate of the switched power control circuit 100 when the powered circuit
104 has a load capacitance of thirty nF (30 nF). Further, lines 906, 908 represent the
voltage slew rate of the switched power control circuit 100 when the powered circuit
104 has a load capacitance of sixty nF (60 nF) and 120 nF, respectively. As illustrated
by the graph 900, the lines 902, 904, 906, and 908 slew from 0 V to 1 V at
approximately equal voltage slew rates. Thus, the switched power control circuit 100 is
configured to gradually provide the supply voltage (Vpp) at approximately equal
voltage slew rates across varying load capacitances.

[0048] Additionally, as previously described, the bias generator circuit 402 is
configured to provide the bias voltage (Vipis) S0 as to control the rate at which the
headswitch circuit 106 is activated, thus controlling the voltage slew rate associated
with the switched power control circuit 100. In this regard, Figure 10 includes a graph

1000 illustrating voltage slew rates generated when the bias generator circuit 402 is used
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to bias the switched power control circuits 400, 600. The graph 1000 represents the
amount of the supply voltage (Vpp) (i.e., the output voltage (V)) provided by the
switched power control circuits 400, 600 versus time. Lines 1002, 1004, 1006, 1008,
1010, 1012, 1014, and 1016 represent varying voltage slew rates of the supply voltage
(Vpp) provided by the switched power control circuits 400, 600 corresponding to
varying levels of the bias voltage (Vyiss) provided by the bias generator circuit 402. For
example, the voltage slew rate associated with the line 1002 indicates that the supply
voltage (Vpp) is provided from the switched power control circuits 400, 600 to the
powered circuit 104 approximately instantaneously. However, the bias voltage (Vpias)
applied to the current sink circuit 124 changes the voltage slew rate of the switched
power control circuits 400, 600. Thus, the voltage slew rate associated with each of the
lines 1004-1016 gradually increases as the bias current (Iy,s) changes. Therefore, the
bias generator circuit 402 may be used to condition the current sink circuit 124 so as to
control the rate at which the headswitch circuit 106 is activated, thus controlling the
voltage slew rates.

[0049] As previously described in Figures 5 and 7, the switched power control
circuits 400, 600 may be employed in the block headswitch systems 500, 700,
respectively. In this regard, Figure 11 illustrates a system 1100 wherein block
headswitch systems 1102(1), 1102(2) are distributed around a processor core 1104, and
wherein the block headswitch systems 1102(1), 1102(2) are configured to gradually
provide a supply voltage (Vpp) to the processor core 1104. Notably, the block
headswitch systems 1102(1), 1102(2) may be configured similar to the block
headswitch systems 500, 700 in Figures 5 and 7, respectively. Further, although the
block headswitch systems 1102(1), 1102(2) are distributed around the processor core
1104 in this aspect, alternative aspects may employ the block headswitch systems
1102(1), 1102(2) within the processor core 1104. By using the block headswitch
systems 1102(1), 1102(2) to gradually provide the supply voltage (Vpp), the block
headswitch systems 1102(1), 1102(2) reduce or avoid prolonged resonance on the
power distribution network within the processor core 1104. Because the processor core
1104 delays operation until such resonance subsides, using the block headswitch
systems 1102(1), 1102(2) to reduce or avoid this resonance increases the performance of

the processor core 1104.
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[0050] The switched power control circuits for controlling the rate of providing
voltages to powered circuits according to aspects disclosed herein may be provided in or
integrated into 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 mobile phone, a cellular phone, a smart
phone, a tablet, a phablet, a computer, a portable computer, 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, and an automobile.

[0051] In this regard, Figure 12 illustrates an example of a processor-based system
1200 that can employ the switched power control circuits 100, 400, and 600 illustrated
in Figures 1, 4, and 6. In this example, the processor-based system 1200 includes one or
more central processing units (CPUs) 1202, each including one or more processors
1204, such as the processor core 1104 in Figure 11. The CPU(s) 1202 may have cache
memory 1206 coupled to the processor(s) 1204 for rapid access to temporarily stored
data. The CPU(s) 1202 is coupled to a system bus 1208 and can intercouple master and
slave devices included in the processor-based system 1200. As is well known, the
CPU(s) 1202 communicates with these other devices by exchanging address, control,
and data information over the system bus 1208. For example, the CPU(s) 1202 can
communicate bus transaction requests to a memory controller 1210 as an example of a
slave device. Although not illustrated in Figure 12, multiple system buses 1208 could
be provided, wherein each system bus 1208 constitutes a different fabric.

[0052] Other master and slave devices can be connected to the system bus 1208. As
illustrated in Figure 12, these devices can include a memory system 1212, one or more
input devices 1214, one or more output devices 1216, one or more network interface
devices 1218, and one or more display controllers 1220, as examples. The input
device(s) 1214 can include any type of input device, including but not limited to input
keys, switches, voice processors, etc. The output device(s) 1216 can include any type of
output device, including but not limited to audio, video, other visual indicators, etc. The
network interface device(s) 1218 can be any device configured to allow exchange of

data to and from a network 1222. The network 1222 can be any type of network,
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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, or the Internet. The network interface device(s)
1218 can be configured to support any type of communications protocol desired. The
memory system 1212 can include one or more memory units 1224(1)-1224(N).

[0053] The CPU(s) 1202 may also be configured to access the display controller(s)
1220 over the system bus 1208 to control information sent to one or more displays
1226. The display controller(s) 1220 sends information to the display(s) 1226 to be
displayed via one or more video processors 1228, which process the information to be
displayed into a format suitable for the display(s) 1226. The display(s) 1226 can
include any type of display, including but not limited to a cathode ray tube (CRT), a
liquid crystal display (LCD), a plasma display, a light emitting diode (LED) display,
etc.

[0054] 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.
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.

[0055] 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,
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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.

[0056] 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), flash memory, Read Only Memory (ROM), FElectrically
Programmable ROM (EPROM), Electrically Erasable 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.

[0057] 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
the operational steps illustrated in the flowchart 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,
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electromagnetic waves, magnetic fields or particles, optical fields or particles, or any
combination thereof.

[0058] 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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What is claimed is:

1. A switched power control circuit, comprising:

a headswitch circuit configured to provide an output voltage generated from a
voltage supply source to a powered circuit in response to a control signal
received on a control input;

a control circuit configured to generate the control signal to control the
providing of the output voltage by the headswitch circuit to the powered
circuit in response to an enable signal; and

a current sink circuit coupled to the control input, the current sink circuit
configured to control a ramping rate of the output voltage generated by

the headswitch circuit.

2. The switched power control circuit of claim 1, wherein the current sink circuit is
configured to control the ramping rate by being configured to progressively ramp up the

output voltage to a supply voltage of the voltage supply source.

3. The switched power control circuit of claim 1, further comprising a bias
generator coupled to a bias input of the current sink circuit, wherein the bias generator is
configured to provide a bias voltage that biases the current sink circuit so as to control a

rate at which the headswitch circuit is activated.

4. The switched power control circuit of claim 1, further comprising:
a fast enable input configured to receive a fast enable signal; and
a fast enable buffer configured to:
receive the fast enable signal; and
provide the fast enable signal to the headswitch circuit;
wherein the fast enable buffer is activated in response to deactivation of
the enable signal; and
wherein the headswitch circuit is configured to provide the supply
voltage to the powered circuit in a substantially instantaneous

manner in response to the fast enable signal.
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5. The switched power control circuit of claim 4, further comprising a fast enable

output configured to provide the fast enable signal.

6. The switched power control circuit of claim 1, further comprising an enable

input configured to receive the enable signal.

7. The switched power control circuit of claim 6, further comprising an enable

output configured to provide the enable signal.

8. The switched power control circuit of claim 1, further comprising:
a bias generator input coupled to a bias input of the current sink circuit; and
the bias generator input configured to receive a bias voltage from a bias
generator, wherein the bias generator is configured to provide the bias
voltage that biases the current sink circuit, wherein the current sink
circuit is configured to mirror a bias current so as to control a rate at

which the headswitch circuit is activated.

9. The switched power control circuit of claim 8, further comprising a bias

generator output configured to provide the bias voltage.

10. The switched power control circuit of claim 1, wherein the headswitch circuit
comprises a p-type metal oxide semiconductor (PMOS) transistor, the PMOS transistor
comprising:

a source coupled to a voltage input of the headswitch circuit;

a gate coupled to a control input of the headswitch circuit; and

a drain coupled to a voltage output of the headswitch circuit.

11. The switched power control circuit of claim 10, wherein the control circuit
comprises a PMOS transistor, the PMOS transistor comprising:
a source coupled to a voltage supply source;

a gate configured to receive the enable signal; and
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a drain coupled to the gate of the PMOS transistor of the headswitch circuit and

the current sink circuit.

12. The switched power control circuit of claim 11, wherein the current sink circuit
comprises an n-type metal oxide semiconductor (NMOS) transistor, the NMOS
transistor comprising:

a drain coupled to the gate of the PMOS transistor of the headswitch circuit;

a gate coupled to a bias generator; and

a source coupled to a ground source.

13. The switched power control circuit of claim 1 integrated into an integrated

circuit (IC).

14. The switched power control circuit 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 mobile
phone; a cellular phone; a smart phone; a tablet; a phablet; a computer; a portable
computer; 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; and an automobile.

15. A switched power control circuit, comprising:

a means for providing an output voltage generated from a voltage supply source
to a powered circuit in response to a control signal received on a control
input;

a means for generating the control signal to control the providing of the output
voltage by the means for providing the output voltage to the powered
circuit; and

a means for controlling a ramping rate of the output voltage generated by the

means for providing the output voltage to the powered circuit.
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16. A method for gradually providing a supply voltage to a powered circuit,
comprising:
generating a control signal to control providing of an output voltage generated
from a voltage supply source by a headswitch circuit to a powered circuit
in response to an enable signal;
controlling a ramping rate of the output voltage generated by the headswitch
circuit by a current sink circuit coupled to a control input of the
headswitch circuit; and
providing the output voltage to the powered circuit from the headswitch circuit

in response to the control signal received on the control input.

17. The method of claim 16, wherein controlling the ramping rate of the output
voltage comprises progressively ramping up the output voltage to a supply voltage of

the voltage supply source.

18. The method of claim 16, further comprising biasing the current sink circuit so as

to control a rate at which the output voltage is provided to the powered circuit.

19. The method of claim 18, wherein biasing the current sink circuit comprises
providing a bias voltage that biases the current sink circuit so as to control a rate at

which the headswitch circuit is activated.

20. The method of claim 18, further comprising receiving a fast enable signal,
wherein the headswitch circuit is configured to provide the supply voltage to the
powered circuit in a substantially instantaneous manner in response to receiving the fast

enable signal.

21. A block headswitch system, comprising:
a plurality of switched power control circuits, each switched power control
circuit comprising:
an enable input configured to receive an enable signal;

an enable output configured to provide the enable signal;
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a headswitch circuit configured to provide an output voltage generated
from a voltage supply source to a powered circuit in response to a
control signal received on a control input;

a control circuit configured to generate the control signal to control the
providing of the output voltage by the headswitch circuit to the
powered circuit in response to the enable signal; and

a current sink circuit coupled to the control input, the current sink circuit
configured to control a ramping rate of the output voltage

generated by the headswitch circuit.

22. The block headswitch system of claim 21, wherein the current sink circuit of
each switched power control circuit of the plurality of switched power control circuits is
configured to control the ramping rate by being configured to progressively ramp up the

output voltage to a supply voltage of the voltage supply source.

23. The block headswitch system of claim 21, further comprising:

a bias generator configured to provide a bias voltage that biases the current sink
circuit of each switched power control circuit of the plurality of switched
power control circuits, wherein the current sink circuit mirrors a bias
current so as to control a rate at which the headswitch circuit of each
switched power control circuit is activated;

wherein each switched power control circuit of the plurality of switched power
control circuits further comprises:

a bias generator input configured to receive the bias voltage; and

a bias generator output configured to provide the bias voltage.

24. The block headswitch system of claim 21, further comprising:
a fast enable input configured to receive a fast enable signal;
a fast enable output configured to provide the fast enable signal; and
a fast enable buffer configured to:
receive the fast enable signal; and

provide the fast enable signal to the headswitch circuit;
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wherein the fast enable buffer is activated in response to deactivation of
the enable signal; and

wherein the headswitch circuit is configured to provide the supply
voltage to the powered circuit in a substantially instantaneous

manner in response to receiving the fast enable signal.

25. The block headswitch system of claim 24, wherein the headswitch circuit of
each switched power control circuit of the plurality of switched power control circuits
comprises a p-type metal oxide semiconductor (PMOS) transistor, the PMOS transistor
comprising:

a source coupled to a voltage input of the headswitch circuit;

a gate coupled to the control input of the headswitch circuit; and

a drain coupled to a voltage output of the headswitch circuit.

26. The block headswitch system of claim 25, wherein the control circuit of each
switched power control circuit of the plurality of switched power control circuits
comprises a PMOS transistor, the PMOS transistor comprising:

a source coupled to the voltage supply source;

a gate configured to receive the enable signal; and

a drain coupled to the gate of the PMOS transistor of the headswitch circuit and

the current sink circuit.

27. The block headswitch system of claim 26, wherein the current sink circuit of
each switched power control circuit of the plurality of switched power control circuits
comprises an n-type metal oxide semiconductor (NMOS) transistor, the NMOS
transistor comprising:

a drain coupled to the gate of the PMOS transistor of the headswitch circuit;

a gate coupled to a bias generator; and

a source coupled to a ground source.
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GENERATED BY THE HEADSWITCH CIRCUIT (106
BY A CURRENT SINK CIRCUIT {124) COUPLED TO
CONTROL INPUT (118) OF THE HEADSWITCH CIRCUIT (106}

!

206
PROVIDE THE QUTPUT VOLTAGE (V? TO THE POWERED 4
CIRCUIT (104) FROM THE HEADSWITCH CIRCUIT S’E 06)
IN RESPONSE TO THE CONTROL SIGNAL (116
RECEIVED ON THE CONTROL INPUT (118)

FiIG. 2



PCT/US2016/041976

WO 2017/030683

312

-

E
E
>

Voo e rTeTeYTYYTRYT T




PCT/US2016/041976

WO 2017/030683

4/12

\New
e i
AN, m
“ (s) !
[ _m |
m 1 e
“ {a) “
i
b I
_ i
EoR
Lo !
PP~ _
A BN - | . -z8b m
wow.‘\m A m.i!h...vi...i!i“ m
_ P8
.\.m % e g0l - m m
- bl | ,:hz;WJ mcv\\“@vm: | |
"~ | mavm\mﬁm\ms xw\\,“aasm;mw_w_? aaaaaaa T
L M@ g |
{g) 1 P
- B o
N ! 9l | el 1
|80} () Lo
— LS
e m
g T s
on-




PCT/US2016/041976

WO 2017/030683

5/12

{101 .ET/

A —p i

mm,W\/ Amxﬁ Eg«}/
~-(1gor (Ipor—"
~oiy (Hezl—

g Ol
(NP0l
.ET/ (2ol ,ET/
e -
AM_VE (Noor~ G (@oor~
T (Ngoy (Nwor-T - (2lsoy  (2hvoy—"
- Noy N9z~ 2oty (2920~
{(NJOL ooe 2o
\v%\, aap
201 201
%m_\\%

i

74’

AV

«

(1)obt

ada

all



PCT/US2016/041976

WO 2017/030683

6/12

| m\mg
A
n oy | .
! @vmm M
I ) /90
SR A~ Lot !
| @ L e |
AT i ! | i
_.::.@WWWHHHHHHE.M% A v_@ i
N s A\ Q_. i
807 M | m@ | m
m i i
/S L2 el m
T R e s I 09 | | 709
“ M um\n\v ! b o e ) »)V\_L 200
i i 9] i m
i i ] 909
w s I “
w o wi™ L
Ews\m i RGN i »
009—"| -1 ] ! 22
A §
T
201~ 00



PCT/US2016/041976

WO 2017/030683

L Ol

(N)PO)
,g?/ {201 _gT/ {01 ,wg?/
A —3o-] A —3 A 3o Sy
(N)pLi (Noo9~ wmw\, (@)1l (Doos~ wm,ww\, (pil BUEN
od
= I (Nlgoy (N0 - (Zigop  (@or—" ~~(goy  {(Lwor—"
g (N)3L0  (N)Z09 {Zots (2209 (e (1)zoe
1 ~(Nowr Nz @ 2oy (291 @ ~Moty (Lezy »
(NJOLE vee COF (oM @k oo (44
adp ad ady
201 ) 20}
OE\\%



PCT/US2016/041976

WO 2017/030683

8/12

8 ‘Ol

{o7l) aniL
A 02 TN Gl G2l oL gl

]
1
]

a
1




PCT/US2016/041976

WO 2017/030683

9/12

0¢ 5

<
-

[PV RV VU FUU A

mmadaoo

[ U N DR

B e e e

[V AP D

A

00

G¢

0%

QL

0l

(A} A



PCT/US2016/041976

WO 2017/030683

10/12

0l "Oid

(e7) AL

|
i
'
¥
'

Lo __i___

(N A

EEE EE
|
|
4
|
|
1
|
|
T

0

Fee—
|

|

P

|

|

L



PCT/US2016/041976

WO 2017/030683

1112

(z)2oLL

b "OId

(112011

/

{011
JH0D
HOSSIO0Nd

@ewwsxxxx



PCT/US2016/041976

WO 2017/030683

12112

&L "B
PR {(Nvzzi-(1vezt)
(zz21) SLINN AHOWIN
" MHOMLIN @
,, (o1zh)
HITIOMINGD
(9171} AOININ
am%ma @m%\ﬁwa mmmm@mmm_ t424)
1nding 1NdNI MHOMLIN W3LSAS AHOW3N
SNE WILSAS
woﬁ\\
o (0zz1)
009 ‘00% ‘00 3 (v0z1) (o0zL) (S/H3TIOUINGD
(SIHOSSIO0Hd [~ ANOWAW TFHOVD ><Mw5
{zozL (8indo
922l) g @m%@wgmm
(SIAV1dSIa O3aIA
el



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/041976

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO5F3/24
ADD. HO2M1/00 HO3K6/04

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GOSF HO3K HO2ZM

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 7 791 406 B1 (WANG BO [US] ET AL) 1-27
7 September 2010 (2010-09-07)

abstract

column 9, line 17 - column 12, Tine 3;
figures 1, 2, 4, 6, 8, 9

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

°ited.t°| establish the pul_r;_licdation date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

23 September 2016 05/10/2016

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016 Van der Meer, Paul

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/041976

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

SUHWAN KIM ET AL: "Minimizing inductive
noise in system-on-a-chip with multiple
power gating structures",

EUROPEAN SOLID-STATE CIRCUITS, 2003.
ESSCIRC '03. CONFERENCE ON 16-18 SEPT.
2003, IEEE, PISCATAWAY, NJ, USA,

16 September 2003 (2003-09-16), pages
635-638, XP032156473,

DOI: 10.1109/ESSCIRC.2003.1257215

ISBN: 978-0-7803-7995-4

abstract

Section 3. Proposed Power Gating
structure;

figures 5, 6

HAILONG JIAO ET AL: "Multi-phase sleep
signal modulation for mode transition
noise mitigation in MTCMOS circuits",
SOC DESIGN CONFERENCE (ISocC), 2012
INTERNATIONAL, IEEE,

4 November 2012 (2012-11-04), pages
466-469, XP032301833,

DOI: 10.1109/1S0CC.2012.6406897

ISBN: 978-1-4673-2989-7

abstract

Section II, Stepwise Vgs MTCMOS Technique;
figures 1, 2, 3

US 2009/121774 Al (DATHE LUTZ [DE] ET AL)
14 May 2009 (2009-05-14)

abstract

paragraphs [0037] - [0052], [0056];
figures 1-4

US 4 504 779 A (HAMAN DANIEL J [US])

12 March 1985 (1985-03-12)

abstract; figures 1, 2

US 2008/024205 Al (LEE HOI-JIN [KR])

31 January 2008 (2008-01-31)

abstract

paragraphs [0060] - [0080]; figures 4, 5

1-20

21-27

1-20

21-27

1-20
21-27

1-20
21-27
1-27

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/041976
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 7791406 Bl 07-09-2010  US 7791406 Bl 07-09-2010
us 8004352 Bl 23-08-2011
us 8248156 Bl 21-08-2012
us 8436678 Bl 07-05-2013
US 2009121774 Al 14-05-2009 DE 102007053874 B3 09-04-2009
US 2009121774 Al 14-05-2009
US 4504779 A 12-03-1985 JP S59161739 U 30-10-1984
us 4504779 A 12-03-1985
US 2008024205 Al 31-01-2008 KR 100794659 Bl 14-01-2008
US 2008024205 Al 31-01-2008

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - wo-search-report
	Page 44 - wo-search-report
	Page 45 - wo-search-report

