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(57) Abstract: Distributed voltage network circuits employ-
ing voltage averaging, and related systems and methods are
disclosed. In one aspect, because voltage in one area of a
distributed load circuit may vary from voltage in a second
area, a distributed voltage network circuit is configured to
tap voltages from multiple areas to calculate average voltage
in the distributed load circuit. The distributed voltage net-
work circuit includes a voltage distribution source compon-
ent having source nodes. Voltage is distributed from each
source node to a corresponding voltage load node via resist-
ive interconnects. Voltage tap nodes access voltage from
each corresponding voltage load node. Each voltage tap
node is coupled to an input node of a corresponding resistive
element in voltage averaging circuit. An output node of each
resistive element is coupled to a voltage output node of the
voltage averaging circuit, generating the average voltage of
the distributed load circuit on the voltage output node.
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DISTRIBUTED VOLTAGE NETWORK CIRCUITS EMPLOYING VOLTAGE
AVERAGING, AND RELATED SYSTEMS AND METHODS

PRIORITY APPLICATION
[0001] The present application claims priority to U.S. Patent Application Serial No.
14/482,456 filed on September 10, 2014 and entitled “DISTRIBUTED VOLTAGE
NETWORK CIRCUITS EMPLOYING VOLTAGE AVERAGING, 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 distributed voltage

network circuits, and specifically to measuring voltage and current within such circuits.

II. Background

[0003] Thermal emissions are a problem of increasing concern in integrated circuit
(IC) design. High temperatures in an IC may cause carrier mobility degradation, which
may slow down operation of the IC, increase resistivity, and/or cause circuit failures.
This problem has become especially critical as voltage scaling has slowed down and the
number of active components per unit area has increased. In this regard, the
temperature of an IC fabricated on a semiconductor die, such as a microprocessor or
cache memory, may be determined or estimated based on current measurement within
the IC. As a non-limiting example, current measurement within an IC may be used to
determine whether the current within the IC exceeds a defined current threshold. If the
measured current within the IC exceeds the defined current threshold, a control system
corresponding to the IC may be configured to perform certain functions that improve IC
performance, such as preventing the IC from overheating.

[0004] Although on-die current measurement of an IC on a semiconductor die may
be used to estimate temperature of the IC, accurately measuring current within the IC
may be difficult. In particular, because voltage distribution, and hence current
distribution, may differ across distributed circuit elements within an IC, the current

profile of a particular area of an IC is not necessarily indicative of the current profile of
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other areas of the IC or the entire IC. For example, a first current distributed to a first
area of an IC may be different from a second current distributed to a second area of the
IC. Thus, measuring current in one particular area of an IC may not provide an accurate
representation of overall current within the IC. Inaccurate current measurements within
the IC results in inaccurate temperature estimations within the IC, which may then
reduce the effectiveness of temperature-based functions configured to improve
performance of an IC.

[0005] In this regard, it would be advantageous to more accurately measure on-die
current in light of varying voltage and current profiles across distributed elements
within an IC. In particular, providing more accurate on-die current measurements may
improve results generated by functions within a corresponding control system that use

the current measurement to increase system performance.

SUMMARY OF THE DISCLOSURE
[0006] Aspects disclosed in the detailed description include distributed voltage

network circuits employing voltage averaging. Related systems and methods are also
disclosed. In one aspect, because a voltage distributed to one area of a distributed load
circuit within an integrated circuit (IC) may vary from a voltage distributed to a second
area of the same distributed load circuit, a distributed voltage network circuit is
configured to tap voltages from multiple areas to calculate an average voltage
distributed in the distributed load circuit. The distributed voltage network circuit
includes a voltage distribution source component having multiple source nodes.
Voltage is distributed from each source node to a corresponding voltage load node of
the distributed load circuit via resistive interconnects within a distribution network.
Voltage tap nodes are employed within the distribution network to access the voltage
from each corresponding voltage load node. To calculate the average voltage in the
distributed load circuit, each voltage tap node is coupled to an input node of a
corresponding resistive element in a voltage averaging circuit. Further, an output node
of each resistive element is coupled to one voltage output node of the voltage averaging
circuit. Coupling the output nodes of each resistive element while the input node of
each resistive element is coupled to a corresponding voltage tap node generates the

average voltage of the distributed load circuit on the voltage output node.
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[0007] Because the voltage at a particular voltage load node may vary as compared
to the voltage at another voltage load node, the determined average voltage provides a
more accurate measurement of voltage across the entire distributed load circuit. Thus,
the average voltage may be used to more accurately calculate the current in the
distributed load circuit, as compared to calculating current using a voltage in a specific
area or single voltage load node of the IC. A more accurate current measurement may
improve functions within a corresponding control system that use the current
measurement to increase system performance.

[0008] In this regard in one aspect, a distributed voltage network circuit is disclosed.
The distributed voltage network circuit comprises a voltage distribution source
component. The voltage distribution source component comprises a plurality of source
nodes. The distributed voltage network circuit further comprises a distributed load
circuit comprising a plurality of voltage load nodes. The distributed voltage network
circuit further comprises a distributed source distribution network. 'The distributed
source distribution network comprises a plurality of resistive interconnects
interconnecting each source node among the plurality of source nodes to a
corresponding voltage load node among the plurality of voltage load nodes. The
distributed source distribution network further comprises a plurality of voltage tap
nodes, wherein each voltage tap node corresponds to a voltage load node among the
plurality of voltage load nodes. The distributed voltage network circuit further
comprises a voltage averaging circuit. The voltage averaging circuit comprises a
plurality of resistive elements. Each resistive element among the plurality of resistive
elements comprises an input node coupled to a corresponding voltage tap node among
the plurality of voltage tap nodes and an output node. The voltage averaging circuit
further comprises a voltage output node coupled to the output node of each resistive
element among the plurality of resistive elements. 'The voltage output node is
configured to provide an average voltage in the distributed load circuit.

[0009] In another aspect, a distributed voltage network circuit is disclosed. The
distributed voltage network circuit comprises a means for distributing a source voltage
to a plurality of voltage load nodes via a distributed source distribution network,
wherein the distributed source distribution network comprises a plurality of resistive

interconnects interconnecting each source node of a plurality of source nodes to a
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corresponding voltage load node among the plurality of voltage load nodes. The
distributed voltage network circuit further comprises a means for receiving the source
voltage at the plurality of voltage load nodes. The distributed voltage network circuit
further comprises a means for determining a voltage present at each voltage load node
among the plurality of voltage load nodes via a corresponding voltage tap node of a
plurality of voltage tap nodes. The distributed voltage network circuit further comprises
a means for providing the voltage present at each voltage tap node among the plurality
of voltage tap nodes to a corresponding resistive element among a plurality of resistive
elements. The distributed voltage network circuit further comprises a means for
providing an output voltage of each resistive element among the plurality of resistive
elements to a voltage output node configured to provide an average voltage across the
plurality of voltage load nodes.

[0010] In another aspect, a method of calculating an average voltage of a distributed
voltage network circuit is disclosed. The method comprises distributing a source
voltage to a plurality of voltage load nodes via a distributed source distribution network,
wherein the resistive interconnection network comprises a plurality of resistive
interconnects interconnecting each source node of a plurality of source nodes to a
corresponding voltage load node among the plurality of voltage load nodes. The
method further comprises receiving the source voltage at the plurality of voltage load
nodes. 'The method further comprises determining a voltage present at each voltage
load node among the plurality of voltage load nodes via a corresponding voltage tap
node of a plurality of voltage tap nodes. The method further comprises providing the
voltage present at each voltage tap node among the plurality of voltage tap nodes to a
corresponding resistive element among a plurality of resistive elements. The method
further comprises providing an output voltage of each resistive element among the
plurality of resistive elements to a voltage output node configured to provide an average
voltage across the plurality of voltage load nodes.

[0011] In another aspect, an on-die current measurement system is disclosed. The
on-die current measurement system comprises a voltage source. The on-die current
measurement system further comprises a distributed load circuit comprising a plurality
of voltage load nodes. The on-die current measurement system further comprises a

plurality of cascode transistors. The on-die current measurement system further
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comprises a plurality of headswitch transistors, wherein each headswitch transistor
among the plurality of headswitch transistors is coupled to the voltage source. The on-
die current measurement system further comprises a plurality of mirror transistors,
wherein each mirror transistor among the plurality of mirror transistors is coupled to the
voltage source. The on-die current measurement system further comprises a distributed
source distribution network. The distributed source distribution network comprises a
plurality of headswitch resistive interconnects interconnecting each headswitch
transistor among the plurality of headswitch transistors to a corresponding voltage load
node among the plurality of voltage load nodes. The distributed source distribution
network further comprises a plurality of mirror resistive interconnects interconnecting
each mirror transistor among the plurality of mirror transistors to a source of a
corresponding cascode transistor among the plurality of cascode transistors. The
distributed source distribution network further comprises a plurality of headswitch
voltage tap nodes, wherein each headswitch voltage tap node corresponds to a voltage
load node among the plurality of voltage load nodes. The distributed source distribution
network further comprises a plurality of mirror voltage tap nodes, wherein each mirror
voltage tap node corresponds to a cascode transistor among the plurality of cascode
transistors.

[0012] The on-die current measurement system further comprises a headswitch
voltage averaging circuit comprising a plurality of resistors. Each resistor among the
plurality of resistors comprises an input node coupled to a corresponding headswitch
voltage tap node among the plurality of headswitch voltage tap nodes, and an output
node. The headswitch voltage averaging circuit further comprises a headswitch voltage
output node coupled to the output node of each resistor, the voltage output node
configured to provide an average headswitch voltage present in the distributed load
circuit. 'The on-die current measurement system further comprises a mirror voltage
averaging circuit comprising a plurality of resistors. Each resistor among the plurality
of resistors comprises an input node coupled to a corresponding mirror transistor among
the plurality of mirror transistors, and an output node. The mirror voltage averaging
circuit further comprises a mirror voltage output node coupled to the output node of
each resistor, the voltage output node configured to provide an average mirror voltage

present in the plurality of cascode transistors. The on-die current measurement system
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further comprises a drain of each cascode transistor among the plurality of cascode
transistors coupled to a sense resistor, the sense resistor configured to provide a voltage
to an analog-to-digital converter (ADC). The on-die current measurement system
further comprises the ADC configured to convert the voltage from the sense resistor into
a digital signal representative of a power supply current of the distributed load circuit.
The on-die current measurement system further comprises an operational amplifier.
The operational amplifier comprises a first input coupled to the headswitch voltage
output node. The operational amplifier further comprises a second input coupled to the
mirror voltage output node. The operational amplifier further comprises an output node

coupled to a gate corresponding to the plurality of cascode transistors.

BRIEF DESCRIPTION OF THE FIGURES
[0013] Figure 1 is a block diagram of an exemplary distributed voltage network

circuit within an integrated circuit (IC) employing a voltage averaging circuit
configured to calculate an average voltage of a distributed load circuit by averaging
voltages in multiple areas of the distributed load circuit;

[0014] Figure 2 is a flowchart of an exemplary process employed by the distributed
voltage network circuit in Figure 1 to calculate an average voltage of the distributed
load circuit;

[0015] Figure 3 is a circuit diagram of another exemplary distributed voltage
network circuit similar to the distributed voltage network circuit in Figure 1 but
employing n-type metal-oxide semiconductor (NMOS) transistors in a distributed
source distribution network;

[0016] Figure 4 is a circuit diagram of another exemplary distributed voltage
network circuit similar to the distributed voltage network circuit in Figure 1 but
employing p-type metal-oxide semiconductor (PMOS) transistors in a distributed source
distribution network;

[0017] Figure 5 is a circuit diagram of the distributed voltage network circuit
employing PMOS transistors in Figure 4, wherein an output of the voltage averaging
circuit is provided to a voltage regulator configured to control an average voltage across

voltage load nodes of the distributed load circuit;
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[0018] Figure 6 is a circuit diagram of an exemplary on-die current measurement
system employing voltage averaging circuits similar to the voltage averaging circuit in
Figure 1 in relation to headswitch transistors and mirror transistors, and that may
employ a voltage regulator configured to regulate load voltage and current;

[0019] Figure 7A is a diagram of an exemplary test circuit that employs a plurality
of headswitch tiles that include the voltage averaging circuit similar to the voltage
averaging circuit in Figure 1;

[0020] Figure 7B is a diagram of an exemplary test circuit that employs a plurality
of headswitch tiles, wherein a voltage is measured at a single headswitch tile rather than
measuring an average voltage of the entire test circuit;

[0021] Figure 8A is a graph illustrating an exemplary set of signals corresponding to
average voltage measured across the test circuits in Figures 7A and 7B with ideal non-
resistive metal interconnects;

[0022] Figure 8B is a graph illustrating an exemplary set of signals corresponding to
average voltage measured across the test circuits in Figures 7A and 7B with non-ideal
resistive metal interconnects;

[0023] Figure 9 is a block diagram of an exemplary plurality of headswitch tiles
coupled to a processor core so as to measure average load current of the processor core
by employing the voltage averaging circuit in Figure 1; and

[0024] Figure 10 is a block diagram of an exemplary processor-based system that
may include the distributed voltage network circuit employing the voltage averaging

circuits in Figures 1, 3, and 4.

DETAILED DESCRIPTION

[0025] 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.

[0026] Aspects disclosed in the detailed description include distributed voltage
network circuits employing voltage averaging. Related systems and methods are also

disclosed. In one aspect, because a voltage distributed to one area of a distributed load
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circuit within an integrated circuit (IC) may vary from a voltage distributed to a second
area of the same distributed load circuit, a distributed voltage network circuit is
configured to tap voltages from multiple areas to calculate an average voltage
distributed in the distributed load circuit. The distributed voltage network circuit
includes a voltage distribution source component having multiple source nodes.
Voltage is distributed from each source node to a corresponding voltage load node of
the distributed load circuit via resistive interconnects within a distribution network.
Voltage tap nodes are employed within the distribution network to access the voltage
from each corresponding voltage load node. To calculate the average voltage in the
distributed load circuit, each voltage tap node is coupled to an input node of a
corresponding resistive element in a voltage averaging circuit. Further, an output node
of each resistive element is coupled to one voltage output node of the voltage averaging
circuit. Coupling the output nodes of each resistive element while the input node of
each resistive element is coupled to a corresponding voltage tap node generates the
average voltage of the distributed load circuit on the voltage output node.

[0027] Because the voltage at a particular voltage load node may vary as compared
to the voltage at another voltage load node, the determined average voltage provides a
more accurate measurement of voltage across the entire distributed load circuit. Thus,
the average voltage may be used to more accurately calculate the current in the
distributed load circuit, as compared to calculating current using a voltage in a specific
area or single voltage load node of the IC. A more accurate current measurement may
improve functions within a corresponding control system that use the current
measurement to increase system performance.

[0028] In this regard, Figure 1 is a block diagram of an exemplary distributed
voltage network circuit 100 employing a voltage averaging circuit 102. The distributed
voltage network circuit 100 is provided in an integrated circuit (IC) 103 in a
semiconductor die in this example. The voltage averaging circuit 102 is configured to
calculate an average voltage (Vavg) of a distributed load circuit 104 by averaging
voltages provided to multiple areas of the distributed load circuit 104. More
specifically, the distributed voltage network circuit 100 is configured to tap voltages
from multiple areas to calculate the average voltage (V av¢) distributed to the distributed

load circuit 104. Thus, as an example, the average voltage (V avg) may be used to more
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accurately calculate the current in the distributed load circuit 104, as compared to
calculating the current using a voltage present in a single voltage load node of the
distributed load circuit 104. The calculated current may be used to estimate the
temperature within the IC 103.

[0029] With continuing reference to Figure 1, the distributed voltage network circuit
100 includes a voltage distribution source component 106 that employs a plurality of
source nodes 108(1)-108(N). Voltage is distributed from each source node 108(1)-
108(N) to a corresponding voltage load node 110(1)-110(N) of the distributed load
circuit 104 via a distributed source distribution network 112. The distributed source
distribution network 112 includes a plurality of resistive interconnects 114(1)-114(M)
that connect each source node 108(1)-108(N) to the corresponding voltage load node
110(1)-110(N). Notably, while this aspect employs a separate resistor for each resistive
interconnect 114(1)-114(M), other aspects may use alternative circuit elements for each
resistive interconnect 114(1)-114(M), such as, for a non-limiting example, a length of
wire having a certain resistive value. Further, voltage tap nodes 116(1)-116(N) are
employed within the distributed source distribution network 112 to access the voltage
from each corresponding voltage load node 110(1)-110(N).

[0030] With continuing reference to Figure 1, to calculate the average voltage in the
distributed load circuit 104, each voltage tap node 116(1)-116(N) is coupled to an input
node 118(1)-118(N) of a corresponding resistive element 120(1)-120(N) in the voltage
averaging circuit 102. Notably, although each resistive element 120(1)-120(N) in this
aspect is a single resistor, other aspects may employ other circuit elements for each
resistive element 120(1)-120(N) to achieve similar functionality. An output node
122(1)-122(N) of each resistive element 120(1)-120(N) is coupled to a voltage output
node 124 of the voltage averaging circuit 102. Coupling each output node 122(1)-
122(N) while each input node 118(1)-118(N) is coupled to a corresponding voltage tap
node 116(1)-116(N) generates the average voltage (Vavg) of the distributed load circuit
104 on the voltage output node 124. More specifically, the average voltage (Vayg) may
be calculated using a resistance (R) of each resistive element 120(1)-120(N) and a

voltage (V) of each voltage tap node 116(1)-116(N) by way of the following equation:
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Vave = RA20(1)) I R(1202)) I ... R(120(N))) * (V(116(1))/R(120(1)) +
V(116(2))/R(120(2)) + ... V(116(N))/R(120(N)))

[0031] In this manner, since the voltage at each voltage load node 110(1)-110(N)
may vary as compared to any other voltage load node 110(1)-110(N), the average
voltage (Vavg) provides a more accurate measurement of voltage provided to the entire
distributed load circuit 104. Thus, the average voltage (Vayg) may be used to more
accurately calculate the current in the distributed load circuit 104, as compared to
calculating the current using a voltage at only one of the voltage load nodes 110(1)-
110(N). A more accurate current measurement may improve functions within a
corresponding control system that use the current measurement to increase system
performance.

[0032] In this regard, Figure 2 illustrates an exemplary process 200 employed by the
distributed voltage network circuit 100 in Figure 1 to calculate the average voltage
(Vave) of the distributed load circuit 104 by averaging voltages provided to multiple
areas of the distributed load circuit 104. With reference to Figure 2, the voltage
distribution source component 106 distributes a source voltage to the plurality of
voltage load nodes 110(1)-110(N) via the distributed source distribution network 112
(block 202). In particular, the distributed source distribution network 112 includes the
plurality of resistive interconnects 114(1)-114(M) interconnecting each source node
108(1)-108(N) to a corresponding voltage load node 110(1)-110(N). Because of such
interconnections, each voltage load node 110(1)-110(N) receives the source voltage
(block 204). The distributed voltage network circuit 100 determines a voltage present at
each voltage load node 110(1)-110(N) via each corresponding voltage tap node 116(1)-
116(N) employed within the distributed source distribution network 112 (block 206).
The voltage at each voltage tap node 116(1)-116(N) is provided to the input node
118(1)-118(N) of each corresponding resistive element 120(1)-120(N) in the voltage
averaging circuit 102 (block 208). The voltage averaging circuit 102 provides the
voltage on the output node 122(1)-122(N) of each resistive element 120(1)-120(N) to
the voltage output node 124, which is configured to provide the average voltage (Vave)
across the voltage load nodes 110(1)-110(N) of the distributed load circuit 104 (block
210). Employing the process 200 allows the distributed voltage network circuit 100 to

10
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calculate the average voltage (Vavg), which may be used to more accurately calculate
the current in the distributed load circuit 104, as compared to calculating the current
using a voltage present in only one of the voltage load nodes 110(1)-110(N).

[0033] Various types of distributed circuits similar to the distributed voltage
network circuit 100 in Figure 1 may use the average voltage (Vavg) as a valuable
metric. As a non-limiting example, a distributed voltage network circuit similar to the
distributed voltage network circuit 100 may employ distributed transistors, wherein a
distributed source distribution network similar to the distributed source distribution
network 112 includes multiple transistors. In this regard, Figure 3 illustrates an n-type
metal-oxide semiconductor (NMOS) distributed voltage network circuit 300, wherein a
distributed source distribution network 302 employs NMOS transistors 304(1)-304(N).
Notably, while the NMOS transistors 304(1)-304(N) are in the distributed source
distribution network 302 in this aspect, the NMOS transistors 304(1)-304(N) may be
located in other elements in other aspects. Each NMOS transistor 304(1)-304(N) is
coupled to a corresponding source node 306(1)-306(N) of a voltage distribution source
component 308 via a corresponding drain 310(1)-310(N). The distributed source
distribution network 302 includes a plurality of resistive interconnects 312(1)-312(M)
that, in conjunction with the NMOS transistors 304(1)-304(N), connect each source
node 306(1)-306(N) to a corresponding voltage load node 314(1)-314(N) of a
distributed load circuit 316. Particularly, a source 318(1)-318(N) of each corresponding
NMOS transistor 304(1)-304(N) couples to the corresponding voltage load node 314(1)-
314(N). Further, voltage provided to a gate 320 of the NMOS distributed voltage
network circuit 300 controls each NMOS transistor 304(1)-304(N). Voltage tap nodes
322(1)-322(N) are employed within the distributed source distribution network 302 to
access the voltage from each corresponding source 318(1)-318(N), and by extension,
each voltage load node 314(1)-314(N).

[0034] With continuing reference to Figure 3, to calculate the average voltage
(Vave) in the distributed load circuit 316, each voltage tap node 322(1)-322(N) is
coupled to an input node 324(1)-324(N) of a corresponding resistor 326(1)-326(N) in a
voltage averaging circuit 328. An output node 330(1)-330(N) of each resistor 326(1)-
326(N) is coupled to a voltage output node 332 of the voltage averaging circuit 328.
Coupling each output node 330(1)-330(N) while each input node 324(1)-324(N) is

11
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coupled to a corresponding voltage tap node 322(1)-322(N) generates the average
voltage (Vaveg) of the distributed load circuit 316 on a voltage output node 332. As
previously described, the following equation describes the average voltage (Vayg) in
terms of the resistance R of each resistor 326(1)-326(N) and voltage V at each voltage
tap node 322(1)-322(N):

Vave = (R326(1)) I R(326(2)) I ... R(326(N))) * (V(322(1))/R(326(1)) +
V(322(2))/R(326(2)) + ... V(322(N))/R(326(N)))

[0035] In this manner, the above equation describes the average voltage (Vavg) on
the voltage output node 332 when the gate width of one or more NMOS transistors
304(1)-304(N) is not approximately equal to the gate width of every other NMOS
transistor 304(N)-304(N), as well as when each NMOS transistor 304(1)-304(N) has an
approximately equal gate width. Notably, if the gate width of one or more NMOS
transistors 304(1)-304(N) is not approximately equal to the gate width of every other
NMOS transistor 304(1)-304(N), each resistor 326(1)-326(N) may not have an
approximately equal resistance R. Rather, each resistor 326(1)-326(N) must have an
appropriate resistance R in relation to the gate width of the corresponding NMOS
transistor 304(1)-304(N) so that the equation described above accurately calculates the
average voltage (Vavyg). Further, if each NMOS transistor 304(1)-304(N) has an
approximately equal gate width, each resistor 326(1)-326(N) must have an
approximately equal resistance R to accurately calculate the average voltage (Vaveg). In
particular, if each NMOS transistor 304(1)-304(N) has an approximately equal gate
width, and thus each resistor 326(1)-326(N) has an approximately equal resistance R,

the equation described above simplifies to the following equation:

Vave = (1/N) * (V(322(1)) + V(322(2)) + ... V(322(N)))

[0036] With continued reference to Figure 3, in addition to the resistors 326(1)-
326(N), the voltage averaging circuit 328 may also employ a scaling resistor 334. The
scaling resistor 334 has an input node 336 coupled to a ground source 338, and an

output node 340 coupled to the output node 330(1)-330(N) of each resistor 326(1)-

12
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326(N). In this manner, the scaling resistor 334 may be used to scale the average
voltage (Vave) by a scaling factor corresponding to the resistance of the scaling resistor
334 as compared to the average voltage (Vavi) generated when the scaling resistor 334
is not employed. Whether or not the scaling resistor 334 is employed in the voltage
averaging circuit 328, the average voltage (Vayg) may be used to more accurately
calculate the current in the distributed load circuit 316, as compared to calculating the
current using a voltage at only one of the voltage load nodes 314(1)-314(N). A more
accurate current measurement may improve functions within a corresponding control
system that use the current measurement to increase system performance.

[0037] While the NMOS distributed voltage network circuit 300 in Figure 3
employs the NMOS transistors 304(1)-304(N) as distributed elements in the distributed
source distribution network 302, other distributed voltage network circuits may employ
alternative transistor types. In this regard, Figure 4 illustrates a p-type metal-oxide
semiconductor (PMOS) distributed voltage network circuit 400, wherein a distributed
source distribution network 402 employs PMOS transistors 404(1)-404(N). Notably,
while the PMOS transistors 404(1)-404(N) are in the distributed source distribution
network 402 in this aspect, the PMOS transistors 404(1)-404(N) may be located in other
elements in other aspects. FEach PMOS transistor 404(1)-404(N) is coupled to a
corresponding source node 406(1)-406(N) of a voltage distribution source component
408 via a corresponding source 410(1)-410(N). Similar to the distributed source
distribution network 302 in Figure 3, the distributed source distribution network 402
employs a plurality of resistive interconnects 412(1)-412(M) that, in conjunction with
the PMOS transistor 404(1)-404(N), connect each source node 406(1)-406(N) to a
corresponding voltage load node 414(1)-414(N) of a distributed load circuit 416.
Particularly, a drain 418(1)-418(N) of each corresponding PMOS transistor 404(1)-
404(N) couples to the corresponding voltage load node 414(1)-414(N). Further, voltage
provided to a gate 420 of the PMOS distributed voltage network circuit 400 controls
each PMOS transistor 404(1)-404(N). Voltage tap nodes 422(1)-422(N) are employed
within the distributed source distribution network 402 to access the voltage from each
corresponding drain 418(1)-418(N), and thus, each voltage load node 414(1)-414(N).
[0038] With continuing reference to Figure 4, each voltage tap node 422(1)-422(N)
is coupled to an input node 424(1)-424(N) of a corresponding resistor 426(1)-426(N) in
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a voltage averaging circuit 428. An output node 430(1)-430(N) of each resistor 426(1)-
426(N) is coupled to a voltage output node 432 of the voltage averaging circuit 428.
Thus, coupling each output node 430(1)-430(N) while each input node 424(1)-424(N) is
coupled to a corresponding voltage tap node 422(1)-422(N) generates the average
voltage (Vavg) of the distributed load circuit 416 on the voltage output node 432. A
scaling resistor 434 similar to the scaling resistor 334 in Figure 3 may be employed in
the PMOS distributed voltage network circuit 400 to scale the average voltage (Vavg).
Further, the equations and associated gate width/resistance relationships previously
described in relation to Figure 3 also apply when calculating the average voltage (V avg)
in Figure 4. In this manner, the average voltage (Vavg) may be used to more accurately
calculate the current in the distributed load circuit 416, as compared to calculating the
current using a voltage at only one of the voltage load nodes 414(1)-414(N).

[0039] In addition to using the average voltage (Vavg) to calculate current in a
distributed load circuit, the average voltage (Vave) may be employed to help regulate
the voltage provided to a distributed load circuit, such as the distributed load circuits
104, 316, and 416 described above. In this regard, Figure 5 illustrates a PMOS
distributed voltage network circuit 500, wherein the gate 420 of the PMOS distributed
voltage network circuit 400 in Figure 4 is coupled to a voltage regulator circuit 502. In
particular, a reference voltage Vgrpr is provided to a first input 504 of the voltage
regulator circuit 502, while the voltage output node 432 of the voltage averaging circuit
428 is coupled to a second input 506 of the voltage regulator circuit 502. An output
node 508 of the voltage regulator circuit 502 is coupled to the gate 420 of the PMOS
distributed voltage network circuit 400. 'The resistors 426(1)-426(N) sample the
voltages across the distributed load circuit 416 as previously described, thus providing
the average voltage (Vave) of the distributed load circuit 416 to the voltage regulator
circuit 502. The voltage regulator circuit 502, which is an operational amplifier (“op-
amp”) in this aspect, forces the average voltage (Vavg) provided to the distributed load
circuit 416 to equal Vggp. In particular, by providing the average voltage (Vavg) to the
voltage regulator circuit 502, the output node 508 provides a voltage to the gate 420 so
that the voltage provided to the distributed load circuit 416 is regulated to Vrgr. The
voltages on the voltage load nodes 414(1)-414(N) may vary depending on factors such

as the resistance of the resistive interconnects 412(0)-412(M) and the physical size and
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layout of the distributed load circuit 416. Thus, providing the average voltage (Vavg) to
the voltage regulator circuit 502 in this manner, as opposed to providing a voltage at any
one voltage load node 414(1)-414(N), helps regulate the voltage provided to the
distributed load circuit 416 so as to reflect the voltage distribution of the entire
distributed load circuit 416.

[0040] As previously described, the average voltage (Vayg) may be used to more
accurately calculate the current in a distributed load circuit. In this regard, Figure 6
illustrates an on-die current measurement system 600 that yields better performance
when employing voltage averaging circuits similar to the voltage averaging circuits 102,
328, and 428 in Figures 1, 3, and 4, respectively. The on-die current measurement
system 600 is used to measure a power supply current (not shown) of a distributed load
circuit 602, wherein the distributed load circuit 602 may be, as non-limiting examples, a
processor core or a cache memory. To measure such a current, the on-die current
measurement system 600 includes a voltage source (Vgq) 604 that provides an input
voltage to a source of each headswitch transistor 606(1)-606(N). The headswitch
transistors 606(1)-606(N) provide power control to the distributed load circuit 602 by
allowing a voltage signal 608 to reach corresponding voltage load nodes 610(1)-610(N)
on the distributed load circuit 602. The voltage source 604 also provides an input
voltage to a source of each mirror transistor 612(1)-612(N). Each mirror transistor
612(1)-612(N) width is a fraction (f) of the width of the corresponding headswitch
transistor 606(1)-606(N). The headswitch transistors 606(1)-606(N) and the mirror
transistors 612(1)-612(N) are biased deep in the field effect transistor (FET) triode
region, effectively making them function as low value resistors. Notably, although the
headswitch transistors 606(1)-606(N) and the mirror transistors 612(1)-612(N) are
employed as PMOS transistors in this aspect, other aspects may employ the headswitch
transistors 606(1)-606(N) and the mirror transistors 612(1)-612(N) as NMOS
transistors. Further, a voltage provided by each mirror transistor 612(1)-612(N)
traverses a corresponding cascode transistor 614(1)-614(N) into a sense resistor 616. A
voltage from the sense resistor 616 is provided to an analog-to-digital converter (ADC)
618, which converts the voltage into a digital data stream 620 that represents the power

supply current of the distributed load circuit 602.
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[0041] With continuing reference to Figure 6, in order for the on-die current
measurement system 600 to function properly, the headswitch transistors 606(1)-606(N)
and the mirror transistors 612(1)-612(N) need to have precisely equal drain-source
voltages. In this manner, an op-amp 622, together with the cascode transistors 614(1)-
614(N), forces the drain-source voltage of the mirror transistors 612(1)-612(N) to equal
that of the headswitch transistors 606(1)-606(N). More specifically, the op-amp 622
controls the cascode transistors 614(1)-614(N) in order to keep the current on the mirror
transistors 612(1)-612(N) equal to a fraction (f) of the current on the headswitch
transistors 606(1)-606(N). In doing so, the drain-source voltages of the mirror
transistors 612(1)-612(N) and the headswitch transistors 606(1)-606(N) are kept equal
to one another. Notably, this aspect illustrates the headswitch transistors 606(1)-
606(IN), the mirror transistors 612(1)-612(N), and the cascode transistors 614(1)-614(N)
as PMOS transistors in Figure 6, but other aspects may employ other types of transistors
to achieve similar functionality.

[0042] With continuing reference to Figure 6, the headswitch transistors 606(1)-
606(N) are distributed so as to couple to the distributed load circuit 602 at the
corresponding voltage load nodes 610(1)-610(N) via headswitch resistive interconnects
(not shown) within a distributed source distribution network (not shown). Thus, a
headswitch voltage averaging circuit 624 is employed to provide an average headswitch
voltage (Vysavg) (not shown) to a first input 626 of the op-amp 622 by way of a
headswitch voltage output node 628. Similarly, the mirror transistors 612(1)-612(N)
each couple to the corresponding cascode transistor 614(1)-614(N) via mirror resistive
interconnects (not shown) within the distributed source distribution network. Thus, a
mirror voltage averaging circuit 630 is employed to provide an average mirror voltage
(VMrave) (not shown) to a second input 632 of the op-amp 622 by way of a mirror
voltage output node 634. Both the headswitch voltage averaging circuit 624 and the
mirror voltage averaging circuit 630 include similar elements to the voltage averaging
circuits 102, 328, and 428 in Figures 1, 3, and 4, respectively. In particular, resistors
636(1)-636(N) in the headswitch voltage averaging circuit 624 couple to a
corresponding headswitch voltage tap node 638(1)-638(N) within the distributed source
distribution network, and are configured to provide the average headswitch voltage

(Vusave) to the first input 626 of the op-amp 622. Resistors 640(1)-640(N) in the
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mirror voltage averaging circuit 630 couple to corresponding mirror voltage tap nodes
642(1)-642(N) within the distributed source distribution network, and are configured to
provide the average mirror voltage (Vyrave) to the second input 632 of the op-amp 622.
By providing the average headswitch voltage (Vysave) and the average mirror voltage
(VMrave) to the op-amp 622 in this manner, the sense resistor 616 receives a voltage
from which to more accurately calculate the current in the distributed load circuit 602,
as compared to calculating the current using a voltage from one of the voltage load
nodes 610(1)-610(N).

[0043] With continuing reference to Figure 6, the headswitch voltage averaging
circuit 624 and the mirror voltage averaging circuit 630 may each employ an additional
resistor to scale the average headswitch voltage (Visave) and the average mirror voltage
(VMrave), respectively, if desired. More specifically, the headswitch voltage averaging
circuit 624 may employ a scaling resistor 644, similar to the scaling resistor 334 in
Figure 3. In this manner, the scaling resistor 644 may be used to scale the headswitch
average voltage (Vusave) by a scaling factor corresponding to the resistance of the
scaling resistor 644 as compared to the headswitch average voltage (Vpsave) generated
when the scaling resistor 644 is not employed. The mirror voltage averaging circuit 630
may employ a scaling resistor 646 in a similar manner as the headswitch voltage
averaging circuit 624 to scale the average mirror voltage (Vyrava)-

[0044] In addition to measuring the current of the distributed load circuit 602, the
on-die current measurement system 600 may also be configured to regulate the load
voltage and current provided to the distributed load circuit 602. In this regard, a voltage
regulator circuit 648 that is configured to regulate the voltage, and thus the current,
provided across the distributed load circuit 602 may be employed in the on-die current
measurement system 600. The voltage regulator circuit 648 is configured to operate
similar to the voltage regulator circuit 502 in Figure 5. In this manner, by receiving the
reference voltage Vgrpr and the average headswitch voltage (Vpsave), the voltage
regulator circuit 648 provides a voltage to the distributed load circuit 602 that is
approximately equal to the reference voltage Vgpp. Regulating the load voltage
provided to the distributed load circuit 602 in this manner may help to ensure that the
load voltage of the distributed load circuit 602 is maintained approximately at a desired

level.
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[0045] To illustrate the more accurate voltage and current measurements that may
be realized by employing the voltage averaging circuits 102, 328, and 428 in Figures 1,
3, and 4, respectively, and the headswitch voltage averaging circuit 624 and mirror
voltage averaging circuit 630 in Figure 6, test circuits may be used to generate sample
data. In this regard, ligure 7A illustrates a first test circuit 700 that employs headswitch
tiles 702(1)-702(48). A resistor 704(1)-704(48) is coupled to a corresponding
headswitch transistor 706(1)-706(48) to generate an average test headswitch voltage
(V1asave) in a similar manner to the headswitch voltage averaging circuit 624 in Figure
6. Further, a resistor 708(1)-708(48) is coupled to a corresponding mirror transistor
710(1)-710(48) to generate an average test mirror voltage (Vryrave) in a similar
manner to the mirror voltage averaging circuit 630 in Figure 6. A plurality of parasitic
resistors 712(1)(1)-712(48)(4) are included in the first test circuit 700 to simulate
interconnection resistance. A cascode transistor 714(1)-714(48) corresponding to each
mirror transistor 710(1)-710(48) is also included in each headswitch tile 702(1)-
702(48). In this manner, currents from the cascode transistors 714(1)-714(48) are
summed up and provided to a sense resistor 716.

[0046] Additionally, Figure 7B illustrates a second test circuit 700’ that employs
headswitch tiles 702°(1)-702°(48). Each headswitch tile 702°(1)-702°(48) includes a
corresponding headswitch transistor 706(1)-706(48) and a corresponding mirror
transistor 710(1)-710(48) similar to the first test circuit 700 in Figure 7A. The plurality
of parasitic resistors 712(1)(1)-712(48)(4), as well as the cascode transistors 714(1)-
714(48), are also included in the second test circuit 700°. However, the headswitch tiles
702°(1)-702°(48) do not include resistors 704(1)-704(48) and 708(1)-708(48) coupled to
corresponding headswitch transistors 706(1)-706(48) and mirror transistors 710(1)-
710(48), respectively, as in the first test circuit 700 in Figure 7A. In this manner, the
second test circuit 700° does not generate an average test headswitch voltage (Vrsave)
and an average test mirror voltage (Vryrave). Rather, a headswitch voltage (Vi) and a
mirror voltage (Vyr) is measured at the headswitch tile 702°(48). Currents from the
cascode transistors 714(1)-714(48) are summed up and provided to a sense resistor
716°.

[0047] In this regard, Figure 8A illustrates an exemplary set of signals 800

corresponding to average current measured across the first and second test circuits 700,
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700’ in Figures 7A and 7B with ideal non-resistive metal interconnects. Particularly,
each parasitic resistor 712(1)(1)-712(48)(4) has a resistance equal to zero Ohms (0 Q)
so as to remove any effect the parasitic resistors 712(1)(1)-712(48)(4) may have on the
distributed voltage. Further, each sense resistor 716, 716’ has a resistance equal to 300
Ohms (Q). A voltage (Vgpnsgi1) across the sense resistor 716, and a voltage (Vsens)
across the sense resistor 716°, are both illustrated in a first graph 802. Notably, the
voltage (Vsenspi) and the voltage Vspnsm are approximately equal at multiple current
values. For example, at a maximum current of 1.5 A, as indicated by arrow 804, both
(Vsenser) and (Vgonsgp) are approximately equal to 374 mV. This is evidenced in a
second graph 806 that illustrates the difference in the values between (Vspnsg1) and
(Vsensmp). More specifically, the maximum difference existing between (Vsgnspi) and
(Vsensez) occurs at 1.5 A, wherein the difference is approximately only 160 puV (micro-
Volts), as indicated by arrow 808. Thus, with the effects of parasitic resistors 712(1)(1)-
712(48)(4) effectively removed, the first test circuit 700 and the second test circuit 700’
generate close to an effectively ideal voltage across the respective sense resistors 716,
716’ of approximately 374 mV.

[0048] In this regard, Figure 8B illustrates an exemplary set of signals 800’
corresponding to average current measured across first and second test circuits 700,
700’ in Figures 7A and 7B with non-ideal resistive metal interconnects. Particularly,
each parasitic resistor 712(1)(1)-712(48)(4) has a a non-zero Ohm resistance in this
aspect. The voltage (Vspnsg1) and the voltage (Vspnsgz) are both illustrated in a first
graph 802’. Notably, the values of (Vspnsp1) and (Vsenspz) are not equal at varying
levels of current, as in Figure 8A. For example, at a current of 1.5 A, (Vgpnsgr) has a
value approximately equal to 374 mV, as indicated by arrow 810, which is the same
value of (Vspnsg1) in the ideal case described in Figure 8A. However, at a current of 1.5
A, (Vsensp) has a value approximately equal to 63 mV, as indicated by arrow 812. This
difference in values is further illustrated in a second graph 806’, which shows that the
maximum difference existing between (Vspnsp1) and (Vsensgz) again occurs at 1.5 A,
wherein the difference is approximately 311 mV, as indicated by arrow 814. Using
nominal scaling factors, a value of 63 mV for (Vspnsm) represents a “measured” current

of 252 mA, as compared to the actual current of 1.5 A.
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[0049] In this regard, comparing the ideal case illustrated in Figure 8A to the more
realistic case illustrated in Figure 8B demonstrates that employing voltage averaging in
the first test circuit 700 essentially eliminates variation in measured voltage and current
based on varying current distribution profiles across a load circuit. More specifically,
under the realistic conditions in Figure 8B, the second test circuit 700’ provides a
voltage and current that is far below those generated under the ideal conditions in Figure
8A. However, under the realistic conditions in Figure 8B, the first test circuit 700
generates a voltage and current that are approximately equal to those generated under
the ideal conditions in Figure 8A. In other words, the first test circuit 700 measures the
average voltage, while the second test circuit 700° measures a voltage at a single voltage
load node. Thus, the first test circuit 700 provides a consistent average voltage
measurement, while the second test circuit 700’ provides varying voltages depending on
from which voltage load node the voltage is measured. Therefore, employing voltage
averaging as disclosed herein may be used to more accurately calculate the current in a
distributed load circuit, as compared to calculating the current using a voltage present in
a single voltage load node.

[0050] In this regard, Figure 9 illustrates a system 900 wherein headswitch circuits
902(1), 902(2) are distributed around a processor core 904 so as to measure average
load voltage of the processor core 904. Each headswitch circuit 902(1), 902(2) includes
a plurality of headswitch tiles similar to the headswitch tiles 702 in Figure 7A. The
processor core 904 includes a plurality of digital circuits, each of which may be active at
varying times. Because the various digital circuits within the processor core 904 may be
active at different times, the voltage and current distribution throughout the processor
core 904 and headswitch circuits 902(1), 902(2) may vary dramatically over time. The
voltage averaging mechanism included in the headswitch circuits 902(1), 902(2), as
described in previous figures, and particularly in Figure 7A, measures the average core
voltage (Vcave) distributed in the processor core 904. Therefore, the average core
voltage (Vcavg) may be used to more accurately calculate the current distributed in the
processor core 904, as compared to calculating the current using a voltage at only one
location at a single point in time.

[0051] The distributed voltage network circuits employing voltage averaging

according to aspects disclosed herein may be provided in or integrated into any
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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 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, and a portable digital video player.

[0052] In this regard, Figure 10 illustrates an example of a processor-based system
1000 that can employ the voltage averaging circuits 102, 328, and 428 illustrated in
Figures 1, 3, and 4, respectively. In this example, the processor-based system 1000
includes one or more central processing units (CPUs) 1002, each including one or more
processors 1004. Each of the one or more processors 1004 may employ a plurality of
cores 1006(0)-1006(N), wherein the average load voltage and load current of each core
1006(0)-1006(N) may be calculated using a corresponding voltage averaging circuit,
such as the voltage averaging circuits 102(0)-102(N), 328(0)-328(N), or 428(0)-428(N).
The CPU(s) 1002 may be a master device. The CPU(s) 1002 may have cache memory
1008 coupled to the processor(s) 1004 for rapid access to temporarily stored data. The
CPU(s) 1002 is coupled to a system bus 1010 and can intercouple master and slave
devices included in the processor-based system 1000. As is well known, the CPU(s)
1002 communicates with these other devices by exchanging address, control, and data
information over the system bus 1010. For example, the CPU(s) 1002 can communicate
bus transaction requests to a memory controller 1012 as an example of a slave device.
Although not illustrated in Figure 10, multiple system buses 1010 could be provided,
wherein each system bus 1010 constitutes a different fabric.

[0053] Other master and slave devices can be connected to the system bus 1010. As
illustrated in Figure 10, these devices can include a memory system 1014, one or more
input devices 1016, one or more output devices 1018, one or more network interface
devices 1020, and one or more display controllers 1022, as examples. The input
device(s) 1016 can include any type of input device, including but not limited to input
keys, switches, voice processors, etc. The output device(s) 1018 can include any type of
output device, including but not limited to audio, video, other visual indicators, etc. The

network interface device(s) 1020 can be any devices configured to allow exchange of
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data to and from a network 1024. The network 1024 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 wide local area network (WLAN), and the Internet. The
network interface device(s) 1020 can be configured to support any type of
communications protocol desired. The memory system 1014 can include one or more
memory units 1026(0)-1026(N).

[0054] The CPU(s) 1002 may also be configured to access the display controller(s)
1022 over the system bus 1010 to control information sent to one or more displays
1028. 'The display controller(s) 1022 sends information to the display(s) 1028 to be
displayed via one or more video processors 1030, which process the information to be
displayed into a format suitable for the display(s) 1028. The display(s) 1028 can
include any type of display, including but not limited to a cathode ray tube (CRT), a
liquid crystal display (1.CD), a plasma display, etc.

[0055] 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.

[0056] 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.

[0057] 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), Flectrically
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.

[0058] 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 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,
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electromagnetic waves, magnetic fields or particles, optical fields or particles, or any
combination thereof.

[0059] 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 distributed voltage network circuit, comprising:
a voltage distribution source component comprising a plurality of source nodes;
a distributed load circuit comprising a plurality of voltage load nodes;
a distributed source distribution network, comprising:

a plurality of resistive interconnects interconnecting each source node
among the plurality of source nodes to a corresponding voltage
load node among the plurality of voltage load nodes; and

a plurality of voltage tap nodes, wherein each voltage tap node
corresponds to a voltage load node among the plurality of voltage
load nodes; and

a voltage averaging circuit, comprising:

a plurality of resistive elements, each resistive element among the
plurality of resistive elements comprising:
an input node coupled to a corresponding voltage tap node among

the plurality of voltage tap nodes; and
an output node; and

a voltage output node coupled to the output node of each resistive
element among the plurality of resistive elements, the voltage
output node configured to provide an average voltage in the

distributed load circuit.

2. The distributed voltage network circuit of claim 1, wherein each resistive

element among the plurality of resistive elements comprises a resistor.

3. The distributed voltage network circuit of claim 1, wherein the voltage
averaging circuit further comprises:
a scaling resistor coupled between a ground source and the output node of each

resistive element among the plurality of resistive elements; and
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the scaling resistor configured to scale the average voltage on the voltage output

node.

4. The distributed voltage network circuit of claim 1, further comprising a plurality
of transistors, each transistor among the plurality of transistors corresponding to a
source node among the plurality of source nodes and a voltage load node among the

plurality of voltage load nodes.

5. The distributed voltage network circuit of claim 4, wherein each transistor

among the plurality of transistors has an approximately equal gate width.

6. The distributed voltage network circuit of claim 5, wherein each resistive
element among the plurality of resistive elements in the voltage averaging circuit has an

approximately equal resistance.

7. The distributed voltage network circuit of claim 4, wherein at least two

transistors among the plurality of transistors have different gate widths.

8. The distributed voltage network circuit of claim 7, wherein each resistive
element among the plurality of resistive elements in the voltage averaging circuit has a
resistance based on a gate width of a transistor corresponding to the voltage load node

of the corresponding voltage tap node.

9. The distributed voltage network circuit of claim 4, wherein each transistor
among the plurality of transistors comprises an n-type metal-oxide semiconductor

(NMOS) transistor.

10. The distributed voltage network circuit of claim 4, wherein each transistor
among the plurality of transistors comprises a p-type metal-oxide semiconductor

(PMOS) transistor.
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11.

The distributed voltage network circuit of claim 1, further comprising a voltage

regulator circuit, comprising:

12.

a first input coupled to a reference voltage source;

a second input coupled to the voltage output node of the voltage averaging
circuit;

an output coupled to the distributed source distribution network; and

the voltage regulator circuit configured to regulate a voltage provided to the

distributed load circuit.

The distributed voltage network circuit of claim 1 integrated into an integrated

circuit (IC).

13.

The distributed voltage network 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 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, and a portable

digital video player.

14.

A distributed voltage network circuit, comprising:

a means for distributing a source voltage to a plurality of voltage load nodes via
a distributed source distribution network, wherein the distributed source
distribution network comprises a plurality of resistive interconnects
interconnecting each source node of a plurality of source nodes to a
corresponding voltage load node among the plurality of voltage load
nodes;

a means for receiving the source voltage at the plurality of voltage load nodes;

a means for determining a voltage present at each voltage load node among the
plurality of voltage load nodes via a corresponding voltage tap node of a

plurality of voltage tap nodes;
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a means for providing the voltage present at each voltage tap node among the
plurality of voltage tap nodes to a corresponding resistive element of a
plurality of resistive elements; and

a means for providing an output voltage of each resistive element among the
plurality of resistive elements to a voltage output node configured to

provide an average voltage across the plurality of voltage load nodes.

15. A method of calculating an average voltage of a distributed voltage network
circuit, comprising:
distributing a source voltage to a plurality of voltage load nodes via a distributed
source distribution network, wherein the distributed source distribution
network comprises a plurality of resistive interconnects interconnecting
each source node of a plurality of source nodes to a corresponding
voltage load node among the plurality of voltage load nodes;
receiving the source voltage at the plurality of voltage load nodes;
determining a voltage present at each voltage load node among the plurality of
voltage load nodes via a corresponding voltage tap node of a plurality of
voltage tap nodes;
providing the voltage present at each voltage tap node among the plurality of
voltage tap nodes to a corresponding resistive element among a plurality
of resistive elements; and
providing an output voltage of each resistive element among the plurality of
resistive elements to a voltage output node configured to provide an

average voltage across the plurality of voltage load nodes.

16. The method of claim 15, further comprising scaling the average voltage on the

voltage output node.

17. The method of claim 15, further comprising regulating the voltage received at

each voltage load node among the plurality of voltage load nodes.
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18. An on-die current measurement system, comprising:

a voltage source;

a distributed load circuit comprising a plurality of voltage load nodes;

a plurality of cascode transistors;

a plurality of headswitch transistors, wherein each headswitch transistor among
the plurality of headswitch transistors is coupled to the voltage source;

a plurality of mirror transistors, wherein each mirror transistor among the
plurality of mirror transistors is coupled to the voltage source;

a distributed source distribution network, comprising:

a plurality of headswitch resistive interconnects interconnecting each
headswitch transistor among the plurality of headswitch
transistors to a corresponding voltage load node among the
plurality of voltage load nodes;

a plurality of mirror resistive interconnects interconnecting each mirror
transistor among the plurality of mirror transistors to a source of a
corresponding cascode transistor among the plurality of cascode
transistors;

a plurality of headswitch voltage tap nodes, wherein each headswitch
voltage tap node corresponds to a voltage load node among the
plurality of voltage load nodes; and

a plurality of mirror voltage tap nodes, wherein each mirror voltage tap
node corresponds to a cascode transistor among the plurality of
cascode transistors;

a headswitch voltage averaging circuit, comprising:

a plurality of resistors, each resistor among the plurality of resistors
comprising:
an input node coupled to a corresponding headswitch voltage tap

node among the plurality of headswitch voltage tap nodes;
and
an output node; and
a headswitch voltage output node coupled to the output node of each

resistor, the headswitch voltage output node configured to
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provide an average headswitch voltage present in the distributed
load circuit;
a mirror voltage averaging circuit, comprising:
a plurality of resistors, each resistor among the plurality of resistors
comprising:
an input node coupled to a corresponding mirror transistor among
the plurality of mirror transistors; and
an output node; and
a mirror voltage output node coupled to the output node of each resistor,
the mirror voltage output node configured to provide an average
mirror voltage present in the plurality of cascode transistors;
a drain of each cascode transistor among the plurality of cascode transistors
coupled to a sense resistor;
the sense resistor configured to provide a voltage to an analog-to-digital
converter (ADC);
the ADC configured to convert the voltage from the sense resistor into a digital
signal representative of a power supply current of the distributed load
circuit; and
an operational amplifier, comprising:
a first input coupled to the headswitch voltage output node;
a second input coupled to the mirror voltage output node; and
an output node coupled to a gate corresponding to the plurality of

cascode transistors.

19. The on-die current measurement system of claim 18, wherein the headswitch
voltage averaging circuit further comprises:

a scaling resistor coupled between a ground source and an output node of each
resistor among the plurality of resistors in the headswitch voltage
averaging circuit; and

the scaling resistor configured to scale the average headswitch voltage on the

headswitch voltage output node.
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20. The on-die current measurement system of claim 18, wherein the mirror voltage
averaging circuit further comprises:

a scaling resistor coupled between a ground source and an output node of each
resistor among the plurality of resistors in the mirror voltage averaging
circuit; and

the scaling resistor configured to scale the average mirror voltage on the mirror

voltage output node.

21. The on-die current measurement system of claim 18, further comprising a
voltage regulator circuit, comprising:
a first input coupled to a reference voltage source;
a second input coupled to the headswitch voltage output node of the headswitch
voltage averaging circuit;
an output coupled to a gate of each headswitch transistor among the plurality of
headswitch transistors and a gate of each mirror transistor among the
plurality of mirror transistors; and
the voltage regulator circuit configured to regulate a voltage provided to the

distributed load circuit.

22. The on-die current measurement system of claim 18, wherein:
each headswitch transistor among the plurality of headswitch transistors
comprises a p-type metal-oxide semiconductor (PMOS) transistor; and
each mirror transistor among the plurality of mirror transistors comprises a

PMOS transistor.

23. The on-die current measurement system of claim 22, wherein each cascode

transistor among the plurality of cascode transistors comprises a PMOS transistor.

24. The on-die current measurement system of claim 18, wherein the distributed

load circuit comprises a processor core.
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25. The on-die current measurement system of claim 18, wherein the distributed

load circuit comprises a cache memory.
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