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SYSTEM AND METHOD TO REGULATE OPERATING VOLTAGE OF A
MEMORY ARRAY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority from commonly owned U.S. Non-
Provisional Patent Application No. 13/842.263 filed on March 15, 2013, the contents of

which are expressly incorporated herein by reference in its entirety.
FIELD
[0002] The present disclosure is generally related to memory array.

DESCRIPTION OF RELATED ART

[0003] Advances in technology have resulted in smaller and more powerful computing
devices. For example, there currently exist a variety of portable personal computing
devices, including wireless computing devices, such as portable wireless telephones,
personal digital assistants (PDAs), and paging devices that are small, lightweight, and
casily carried by users. More specifically, portable wireless telephones, such as cellular
telephones and internet protocol (IP) telephones, can communicate voice and data
packets over wireless networks. Further, many such wireless telephones include other
types of devices that are incorporated therein. For example, a wireless telephone can
also include a digital still camera, a digital video camera, a digital recorder, and an
audio file player. Also, such wireless telephones can process executable instructions,
including software applications, such as a web browser application, that can be used to
access the Internet. As such, these wireless telephones can include significant

computing capabilities.

[0004] An electronic device (e.g., a wireless device or a computing device) may be
implemented using metal-oxide semiconductor field-effect transistors (MOSFETs). An
operation (e.g., turning on or turning off) of a MOSFET is dependent on an operating
voltage of the MOSFET. The p-channel of the MOSFET degrades over time and an
operating temperature of the MOSFET increases, leading to an increase in the operating

voltage. The increase in operating voltage due to the p-channel degradation is referred
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to as negative bias temperature instability (NBTI). When a static random access
memory (SRAM) array is implemented using a MOSFET, the NBTT affects a read
operation of the SRAM array (e.g., an operating voltage of the SRAM may not be high
enough to turn on the MOSFET due to the NBTI). To compensate for the NBTI, a
voltage source may supply an operating voltage at an increased level that is adjusted to
compensate for an estimated value of the NBTI. The estimated value of the NBTI
represents an estimation of the NBTI for the life of the SRAM array. However,
supplying an operating voltage at an increased level limits scaling of the operating
voltage. Further, because actual values of the NBTI of each memory device typically
vary, estimating a single value of the NBTTI to be used to increase the supply voltage for
every memory device may not accurately compensate for the actual NBTI (or may

overcompensate for the NBTI, resulting in increased power consumption).
SUMMARY

[0005] An operating voltage of a memory device (e.g., a memory array) may increase
due to effects of negative bias temperature instability (NBTI) of the memory device.
Estimating a single value of the NBTI to be used to adjust individual operating voltages
for every memory device may not accurately compensate for the actual NBTI of ecach
memory device. For example, overcompensation for the NBTT leads to increased power
consumption. The single estimated value is estimated for the life of the memory device
based on a worst case scenario of the NBTI. Thus, the single estimated value is
typically higher than needed. Systems and methods described herein may
advantageously enable a voltage regulating device to regulate an operating voltage of a
memory array based on an NBTTI value that is specific to the memory array. Using the
NBTI value that is specific to the memory array as a basis for operating voltage
adjustments may reduce power consumption as compared to using a single estimated

NBTI value.

[0006] For example, a voltage regulating device may determine a target operating
voltage of a memory array based on a measured temperature of the memory device and
based on fabrication data associated with the memory device. Based on the target
operating voltage, the voltage regulating device may regulate a voltage that is provided

to the memory array. In a particular embodiment, the voltage regulating device may
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adjust the voltage periodically (e.g., once a year) based, at least in part, on an updated
measured temperature of the memory array. In another particular embodiment, the
voltage regulating device may regulate the supply voltage a single time (e.g., during a

device initialization procedure).

[0007] The measured temperature may be provided by a temperature sensor that is
located on the same semiconductor device (e.g., the same semiconductor die) as the
memory array. The fabrication data may characterize a switching capability of an
element (e.g., a threshold voltage parameter of a transistor) of the memory array. For
example, the fabrication data may include or represent information related to an NBTI
model. The NBTI model may be used to calculate a target operating voltage and/or a
standby voltage of the memory array. Also, the NBTI model may be used to calculate
an end of life (EOL) operating voltage shift based on a measured temperature of the
memory array. The voltage regulating device may determine the target operating
voltage based, at least in part, on the EOL operating voltage shift when the operating
voltage is set. Thus, the voltage regulating device may accurately determine the
operating voltage to compensate for the NBTI more based on a measured temperature

and based on an NBTI model.

[0008] In a particular embodiment, a method comprises measuring a temperature of a
sensor associated with a memory array. The method also comprises calculating, at a
voltage regulating device, an operating voltage based on the temperature and based on
fabrication data associated with the memory array. The method further comprises
regulating, at the voltage regulating device, a voltage provided to the memory array

based on the operating voltage.

[0009] In a particular embodiment, a semiconductor device comprises a memory array.
The semiconductor device also comprises a sensor configured to measure a temperature
of the memory array. The semiconductor device further comprises logic configured to
set an operating voltage to be supplied to the memory array based on the temperature

and based on fabrication data associated with the memory array.

[0010] One particular advantage provided by at least one of the disclosed embodiments
is an ability to more accurately regulate an operating voltage of a memory array to

compensate for an NBTI of the memory array. Other aspects, advantages, and features
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of the present disclosure will become apparent after review of the entire application,
including the following sections: Brief Description of the Drawings, Detailed

Description, and the Claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 illustrates a particular embodiment of a system that is operable to enable
a voltage regulating device to regulate an operating voltage of a memory array based on
a measured temperature of the memory array and based on fabrication data of the

memory array;

[0012] FIG. 2 is a flowchart that illustrates a particular embodiment of a method of
regulating an operating voltage of a memory array based on a measured temperature of

the memory array and based on fabrication data of the memory array;

[0013] FIG. 3 is a flowchart that illustrates another particular embodiment of a method
of regulating an operating voltage of a memory array based on a measured temperature

of the memory array and based on fabrication data of the memory array;

[0014] FIG. 4 is a diagram that illustrates a communication device that includes a
voltage regulating device to regulate an operating voltage of a memory array based on a
measured temperature of the memory array and based on fabrication data of the memory

array; and

[0015] FIG. 5 is a diagram that illustrates a particular embodiment of a process to
manufacture an electronic device that include a voltage regulating device that is
operable to regulate an operating voltage of a memory array based on a measured

temperature of the memory array and based on fabrication data of the memory array.
DETAILED DESCRIPTION

[0016] FIG. 1 illustrates a particular embodiment of a system 100 that is operable to
enable a voltage regulating device to regulate an operating voltage of a memory array
based on a measured temperature of the memory array and based on fabrication data of

the memory array. The system 100 includes a semiconductor device 102 and a voltage
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regulating device 104. The semiconductor device 102 may include core logic 106, a

temperature sensor 108, and a static random access memory (SRAM) array 110.

[0017] The core logic 106 may be configured to perform logic operations (e.g.,
calculations). For example, the core logic 106 may include a processor. In a particular
embodiment, the core logic 106 may be implemented, at least in part, using transistors.
The SRAM array 110 may be configured to be accessed by the core logic 106 to store
and/or retrieve data. In a particular embodiment, the SRAM array 110 may be
implemented using fin field effect transistors (FinFETs). The voltage regulating device
104 may be configured to regulate a supply voltage and to provide the regulated supply
voltage to the semiconductor device 102. For example, the voltage regulating device
104 may include or may be a component of a power management integrated circuit
(PMIC). The voltage regulating device 104 may include a processor 112, a voltage
regulating circuit 114, and a memory 116. The memory 116 may include instructions
118 that are executable by the processor 112 and may include fabrication data 120 that
is associated with fabrication of the SRAM array 110. The voltage regulating device
104 may be embedded in the semiconductor device 102, or the voltage regulating device
104 may be embedded in a semiconductor device (e.g., the PMIC) that is separate from
the semiconductor device 102. The voltage regulating circuit 114 may include circuitry

or logic that is configured to set a voltage to be supplied to the SRAM 110.

[0018] During operation, the voltage regulating device 104 may provide separate
voltages to power the core logic 106 and the SRAM array 110. For example, when the
semiconductor device 102 is operating in an active mode, the voltage regulating device
104 may provide an operating voltage 124 to the SRAM array 110 and a core logic
operating voltage 126 to the core logic 106. The SRAM array 110 may be powered by
the operating voltage 124, and the core logic 106 may be powered by the core logic
operating voltage 126 during the active mode. When the semiconductor device 102 is
operating in a standby mode, the voltage regulating device 104 may provide a standby
voltage 128 to the SRAM array 110 and a core logic standby voltage 130 to the core
logic 106. The SRAM array 110 may be powered by the standby voltage 128, and the
core logic 106 may be powered by the core logic standby voltage 130 during the
standby mode. The operating voltage 124 may be different than the core logic operating
voltage 126, and the standby voltage 128 may be different than the core logic standby
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voltage 130. Because components (e.g., transistors) of the SRAM array 110 may be
under stress for a greater time duration than components (e.g., transistors) of the core
logic 106, the SRAM array 110 (e.g., the operating voltage 124 or the standby voltage
128) may experience a different NBTI than the core logic 116 (e.g., the core logic
operating voltage 126 or the core logic standby voltage 130). Thus, by providing
separate voltages to the SRAM array 110 and to the core logic 106, the voltage
regulating device 104 may compensate for NBTI differently for the SRAM array 110
and for the core logic 106.

[0019] Further, the voltage regulating device 104 may calculate the core logic operating
voltage 126 and/or the core logic standby voltage 130 based on a performance
parameter associated with the core logic 106. For example, the performance parameter
may be a clock speed of the core logic 106. The voltage regulating device 104 may
provide the core logic operating voltage 126 and/or the core logic standby voltage 130
to the core logic 106.

[0020] The temperature sensor 108 may be located near (i.e., in close proximity to) the
SRAM array 110. The temperature sensor 108 may measure an operating temperature
(in active mode) and/or a standby temperature (in standby mode) of the SRAM array
110. For example, the temperature sensor 108 may sense a temperature of a region of
the semiconductor device 102 on which the SRAM array 110 is located. The
temperature of the region may correspond to an operating temperature and/or the
standby temperature of the SRAM array 110. The voltage regulating device 104 may
receive the measured operating temperature and/or the measured standby temperature of
the SRAM array 110 from the temperature sensor 108. The voltage regulating device
104 may calculate a target operating voltage based on the measured operating
temperature and based on the fabrication data 120. Further, the voltage regulating
device 104 may calculate a target standby voltage based on the measured standby

temperature and the fabrication data 120.

[0021] The fabrication data 120 includes data that characterizes a switching capability
of an element (e.g., a MOSFET) of the SRAM array 110. For example, the switching
capability of the element may correspond to a threshold voltage parameter of a

MOSFET. In a particular embodiment, the fabrication data 120 includes information
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regarding a NBTI model of the SRAM array 110. The voltage regulating device 104
may use the NBTI model to calculate a target operating voltage and/or a target standby
voltage via the processor 112. The voltage regulating device 104 may also use the
NBTI model to calculate an end-of-life (EOL) operating voltage shift value and/or an
EOL standby voltage shift value via the processor 112. The NBTI model takes into
account the measured operating temperature. For example, the NBTI model includes
the measured operating temperature as a variable in an equation that calculates the target
operating voltage and/or the target standby voltage. As another example, the NBTI
model may include the measured operating temperature as a variable in an equation that
calculates the EOL operating voltage shift value and/or the EOL standby voltage shift

value.

[0022] In a particular embodiment, the NBTI model may be calculated by determining
AVt = At?, where AVt is a change in the operating voltage 124 or the standby voltage
128. At is described by In (4)=In(v)+c, v= 0.5x 103 s!, where ¢ is a fitting parameter
and s is time. The value b is defined by b=ksx T/ 4Ey, where kg is the Boltzmann
constant, T is a measured temperature of the SRAM array 110, and Eo is activation

energy.

[0023] The voltage regulating device 104 may set the operating voltage 124 based on
the target operating voltage. The voltage regulating device 104 may include the voltage
regulating circuit 114 that provides the operating voltage 124 to the SRAM array 110.
The voltage regulating device 104 may set the standby voltage based on the target
standby voltage. The voltage regulating device 104 may provide the standby voltage
128 to the SRAM array 110. For example, the voltage regulating circuit 114 may
receive a supply voltage and may modify (e.g., reduce) the supply voltage using
variable resistors, transistors, or any combination thereof to generate the operating

voltage 124, the standby voltage 128, or any combination thereof.

[0024] In a particular embodiment, the operating voltage and/or the standby voltage
may be adjusted by the voltage regulating device 104 periodically (e.g., once a year).
The voltage regulating device 104 may update the target operating voltage and/or the
target standby voltage periodically based on changes in the operating temperature and/or

changes in the standby temperature as measured via the temperature sensor 108. The
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voltage regulating device 104 may update the operating voltage based on the updated
target operating voltage and may update the standby voltage based on changes to the

measured temperature.

[0025] In another particular embodiment, the voltage regulating device 104 calculates
an initial target operating voltage and the EOL operating voltage shift value based on
the measured operating temperature. The voltage regulating device 104 also calculates
an initial target standby temperature and the EOL standby voltage shift value based on
the measured standby temperature. The voltage regulating device 104 may calculate the
target operating voltage based on the initial target array operating voltage and based on

the EOL operating voltage shift value.

[0026] When the operating voltage 124 is set a single time, the target operating voltage
may be a sum of the initial target operating voltage, the EOL operating voltage shift
value, and an operating voltage margin. Accordingly, the voltage regulating device 104
may regulate the supply voltage based on the target operating voltage and provide (e.g.,
set) the operating voltage 124 without further adjustment over the life of the
semiconductor device 102 (e.g., the operating voltage 124 is not further adjusted during
operation of the semiconductor device 102). When the operating voltage 124 is
adjusted periodically, the target operating voltage may be a sum of the target operating
voltage and the operating voltage margin. The operating voltage margin may enable the
operating voltage to be set at a level that accounts for temporary or unanticipated

voltage increases during the active mode.

[0027] In a similar manner, the voltage regulating device 104 may set the standby
voltage 128 based on the target standby voltage. The voltage regulating device 104 may
calculate the target standby voltage based on the initial target standby voltage and based
on the EOL standby voltage shift value. When the standby voltage 128 is set a single
time, the target standby voltage is a sum of the initial target standby voltage, the EOL
standby voltage shift value, and a standby voltage margin. Accordingly, the voltage
regulating device 104 may regulate the supply voltage based on the target standby
voltage and provide the standby voltage 128 without further adjustment over the life of
the semiconductor device 102. When the standby voltage 128 is adjusted periodically,
the target standby voltage is a sum of the initial target standby voltage and the standby
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voltage margin. The standby voltage margin may enable the standby voltage 128 to be
set at a level that accounts for temporary or unanticipated voltage increases during the

standby mode.

[0028] Although a representative semiconductor device 102 is described in FIG. 1, it
should be understood that the system 100 may include a plurality of semiconductor
devices (e.g., a plurality of semiconductor dies) and a plurality of corresponding voltage
regulating devices. Each semiconductor device may include a corresponding SRAM
array and a corresponding temperature sensor. An operating voltage and/or a standby
voltage of each semiconductor device is regulated independently (e.g., an operating
voltage and/or a standby voltage of a particular semiconductor device is regulated based
on a measured temperature of a memory array of the particular semiconductor device

and based on fabrication data associated with the particular semiconductor device).

[0029] The system 100 may thus enable a voltage regulating device (e.g., the voltage
regulating device 104) to regulate a voltage (e.g., the operating voltage 124 or the
standby voltage 128) of a memory array (e.g., the SRAM array 110) based on an NBTI
value that is specific to the memory array and that is based on a measured temperature
of the memory array. Using the NBTI value that is specific to the memory array as a
basis for operating voltage adjustments may reduce power consumption as compared to

using a universal estimated NBTI value.

[0030] FIG. 2 is a flowchart that illustrates a particular embodiment of a method 200 of
regulating an operating voltage of a memory array based on a measured temperature of
the memory array and based on fabrication data of the memory array. The method 200
includes measuring a temperature of a sensor associated with a SRAM array, at 202.
For example, referring to FIG. 1, the voltage regulating device 104 may receive the
measured operating temperature and/or the measured standby temperature of the SRAM
array 110 from the temperature sensor 108. The temperature sensor 108 may be located
in close proximity to the SRAM array 110. The method 200 also includes calculating a
target operating voltage and/or a target standby voltage based on the measured
temperature and based on fabrication data associated with the SRAM array, at 204. For
example, referring to FIG. 1, the voltage regulating device 104 may calculate a target

operating voltage based on the operating temperature and the fabrication data 120. The
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voltage regulating device 104 may calculate a target standby voltage based on the
standby temperature and the fabrication data 120. The fabrication data 120 includes
data that characterizes a switching capability of an element (e.g., a MOSFET) of the
SRAM array 110. In a particular embodiment, the fabrication data 120 includes
information related to a NBTI model of the SRAM array 110. The voltage regulating
device 104 may use the NBTI model to calculate an end-of-life (EOL) operating voltage
shift value and/or an EOL standby voltage shift value via the processor 112. The NBTI
model takes into account the measured operating temperature. For example, the NBTI
model includes the measured operating temperature as a variable in an equation that
calculates the target operating voltage and/or the target standby voltage. As another
example, the NBTI model includes the measured operating temperature as a variable in
an equation that calculates the EOL operating voltage shift value and/or the EOL
standby voltage shift value.

[0031] The method 200 further includes calculating a core logic operating voltage
and/or a core logic standby voltage based on a performance parameter associated with
core logic, at 206. For example, referring to FIG. 1, the voltage regulating device 104
may regulate the core logic operating voltage 126 and/or the core logic standby voltage

130 based on a performance parameter associated with the core logic 106.

[0032] The method 200 further includes setting the operating voltage based on the
target operating voltage and setting the standby voltage based on the target standby
voltage, at 208. For example, referring to FIG. 1, the voltage regulating circuit 114 may
set the operating voltage to the target operating voltage and the voltage regulating

device 104 may set the standby voltage to the target standby voltage.

[0033] The method 200 further includes regulating a voltage based on the operating
voltage and/or the standby voltage, at 210. For example, referring to FIG. 1, the voltage
regulating device 104 may regulate a supply voltage and provide the operating voltage
to the SRAM array 110 via the voltage regulating circuit 114. The voltage regulating
device 104 may regulate the supply voltage and provide the standby voltage to the
SRAM array 110. The method 200 further includes updating the target operating
voltage and/or the target standby voltage, at 212. For example, referring to FIG. 1, the
voltage regulating device 104 may update the target operating voltage and/or the target
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standby voltage periodically, such as once per year, based on measurements of the

operating temperature and/or the standby temperature.

[0034] The method 200 further includes updating the operating voltage to the updated
target operating voltage and the standby voltage to the updated target voltage, at 214.
For example, referring to FIG. 1, the voltage regulating device 104 may update the
operating voltage and/or the standby voltage periodically based on changes in the
operating temperature and/or changes in the standby temperature as measured via the

temperature sensor 108.

[0035] Thus, the method 200 may enable a voltage regulating device to regulate an
operating voltage of a memory array based on a measured temperature of the memory
array and based on fabrication data (e.g., data representing an NBTI model) of the

memory array.

[0036] FIG. 3 is a flowchart that illustrates another particular embodiment of a method
300 of regulating an operating voltage of a memory array based on a measured
temperature of the memory array and based on fabrication data of the memory array.
The method 300 includes measuring a temperature of a sensor associated with a
memory array, at 302. For example, referring to FIG. 1, the voltage regulating device
104 may receive the measured operating temperature and/or the measured standby
temperature of the SRAM array 110 from the temperature sensor 108. The method 300
also includes calculating, at a voltage regulating device, an operating voltage based on
the measured temperature and based on fabrication data associated with the memory
array, at 304. For example, referring to FIG. 1, the voltage regulating device 104 may
calculate a target operating voltage based on the measured operating temperature and

the fabrication data 120.

[0037] The fabrication data 120 includes data that characterizes a switching capability
of an element (e.g., a MOSFET) of the SRAM array 110. In a particular embodiment,
the fabrication data 120 includes information regarding a NBTI model of the SRAM
array 110. The voltage regulating device 104 may use the NBTI model to calculate an
end-of-life (EOL) operating voltage shift value and/or an EOL standby voltage shift
value via the processor 112. The NBTI model takes into account the measured

operating temperature. For example, the NBTI model includes the measured operating
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temperature as a variable in an equation that calculates the target operating voltage
and/or the target standby voltage. As another example, the NBTI model includes the
measured operating temperature as a variable in an equation that calculates the EOL

operating voltage shift value and/or the EOL standby voltage shift value.

[0038] The method 300 further includes regulating, at the voltage regulating device, a
voltage provided to the memory array based on the operating voltage, at 306. For
example, referring to FIG. 1, the voltage regulating device 104 may regulate the supply
voltage based on the target operating voltage and to provide the regulated operating
voltage to the SRAM array 110. In a particular embodiment, the method 300 further
includes calculating a core logic operating voltage based on a performance parameter
associated with core logic that is coupled to the memory array, at 308. For example,
referring to FIG. 1, the voltage regulating device 104 may calculate a core logic
operating voltage 126 and/or a core logic standby voltage 130 based on a performance
parameter associated with the core logic 106. For example, the performance parameter

may be a clock speed of the core logic 106.

[0039] In a particular embodiment, the method 300 further includes providing a first
voltage to the memory array according to the operating voltage, at 310. For example,
referring to FI1G. 1, the voltage regulating device 104 may provide the operating voltage
124 and/or the standby voltage 128 to the SRAM array 110. In a particular
embodiment, the method 300 further includes providing a second voltage to the core
according to the core logic operating voltage, at 312. For example, referring to FIG. 1,
the voltage regulating device 104 may provide the core logic operating voltage 126
and/or the core logic standby voltage 130 to the core logic 106. Thus, the method 300
may enable a voltage regulating device to regulate an operating voltage of a memory
array based on a measured temperature of the memory array and based on fabrication

data (e.g., an NBTI model) of the memory array.

[0040] FIG. 4 is a diagram that illustrates a communication device 400 that includes a
voltage regulating device to regulate an operating voltage of a memory array based on a
measured temperature of the memory array and based on fabrication data of the memory
array. In one embodiment, the communication device 400, or components thercof,

includes the semiconductor device 102 of FIG. 1. Further, the methods described in
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FIGS. 2-3, or certain portions thereof, may be performed at or by the communication

device 400, or components thereof.

[0041] The communication device 400 includes a processor 410, such as a digital signal
processor (DSP), coupled to a memory 432. The memory 432 may be a non-transitory
tangible computer-readable and/or processor-readable storage device that stores
instructions 448. The instructions 448 may be executable by the processor 410 to

perform one or more functions.

[0042] The communication device 400 may also include a temperature sensor 452
coupled to the memory 432. The temperature sensor 452, such as the temperature
sensor 108 of FIG. 1, may be configured to measure a temperature of the memory 432.
The communication device 400 may further include a voltage regulating device 446
coupled to the memory 432. The voltage regulating device 446 may be configured to
regulate a supply voltage (e.g., a supply voltage from a power supply 444) and to
provide an operating voltage 458 (e.g., the operating voltage 124 of FIG. 1) and/or a
standby voltage 460 (e.g., the standby voltage 128) to the memory 432. The voltage
regulating device 446 may also be configured to provide a core logic operating voltage
462 (e.g., the core logic operating voltage 126) and/or a core standby operating voltage
464 (e.g., the core logic standby voltage 130) to the processor 410.

[0043] The operating voltage 458 and/or the standby voltage 460 may be calculated
based on a measured temperature of the memory 432 and based on the fabrication data
456. The voltage regulating device 446 may receive the measured temperature from the
temperature sensor 452. The fabrication data 456 may characterize a switching
capability of an element of the memory 432, such as the fabrication data 120 of FIG. 1.
For example, the fabrication data 456 may include an NBTI model that takes into
account the measured temperature (e.g., the NBTI model uses the measured temperature
as a variable in an equation) to calculate the operating voltage 458 and/or the standby
voltage 460. The voltage regulating device 446 may calculate the core logic operating
voltage 462 and/or the core logic standby voltage 464 based on a performance
parameter of the processor 410. For example, the performance parameter may be a

clock speed of the processor 410.
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[0044] The voltage regulating device 446 may include instructions 454. The
instructions 454 may be stored in a memory (not shown) of the voltage regulating
device 446. The instructions 454 may be executed by a processor (not shown) of the
voltage regulating device 446 to perform one or more functions or methods described

herein, such as the method described with reference to FIGS. 2-3.

[0045] FIG. 4 shows that the communication device 400 may also include a display
controller 426 that is coupled to the processor 410 and to a display device 428. A
coder/decoder (CODEC) 434 can also be coupled to the processor 410. A speaker 436
and a microphone 438 can be coupled to the CODEC 434. FIG. 4 also indicates that a
wireless controller 440 may be coupled to the processor 410, where the wireless
controller 440 is in communication with an antenna 442 via a transceiver 450. The
wireless controller 440, the transceiver 450, and the antenna 442 may represent a
wireless interface that enables wireless communication by the communication device
400. The communication device 400 may include numerous wireless interfaces, where
different wireless networks are configured to support different networking technologies
or combinations of networking technologies (e.g., Bluetooth low energy, Near-field

communication, WiFi, cellular, etc.).

[0046] In a particular embodiment, the processor 410, the display controller 426, the
memory 432, the CODEC 434, the wireless controller 440, and the transceiver 450 are
included in a system-in-package or system-on-chip device 422. In a particular
embodiment, an input device 430 and the power supply 444 are coupled to the system-
on-chip device 422. Moreover, in a particular embodiment, as illustrated in FIG. 6, the
display device 428, the input device 430, the speaker 436, the microphone 438, the
antenna 442, and the power supply 444 are external to the system-on-chip device 422.
However, each of the display device 428, the input device 430, the speaker 436, the
microphone 438, the antenna 442, and the power supply 444 can be coupled to a

component of the system-on-chip device 422, such as an interface or a controller.

[0047] In conjunction with the described embodiments, an apparatus may include
means for measuring a temperature of a sensor that is associated with a memory array.
For example, the means for measuring may include one or more components (e.g., a

temperature sensor) of the semiconductor device 102 of FIG. 1, the temperature sensor
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108, the temperature sensor 452 of FIG. 4, one or more devices configured to measure
temperature, or any combination thereof. The apparatus may also include means for
calculating an operating voltage based on the temperature and based on fabrication data
associated with the memory array. For example, the means for calculating may include
ong or more components (e.g., a processor) of the semiconductor device 102, the
processor 112, the voltage regulating circuit 114, the voltage regulating device 446 of
FIG. 4, one or more devices configured to calculate an operating voltage, or any
combination thereof. The apparatus may further include means for regulating a supply
voltage based on the SRAM array operating voltage. For example, the means for
regulating may include one or more components (e.g., a processor) of the semiconductor
device 102, the voltage regulating circuit 114, the voltage regulating device 446, one or

more components configured to regulate a supply voltage, or any combination thereof.

[0048] The foregoing disclosed devices and functionalities may be designed and
configured into computer files (e.g. RTL, GDSII, GERBER, etc.) stored on computer
readable media. Some or all such files may be provided to fabrication handlers who
fabricate devices based on such files. Resulting products include semiconductor wafers
that are then cut into semiconductor die and packaged into a semiconductor chip. The
chips are then employed in devices described above. FIG. 5 depicts a particular

illustrative embodiment of an electronic device manufacturing process 500.

[0049] Physical device information 502 is received at the manufacturing process 500,
such as at a research computer 506. The physical device information 502 may include
design information representing at least one physical property of a semiconductor
device, such as the semiconductor device 102, the voltage regulating device 104, the
communication device 400, the voltage regulating device 446, or any combination
thereof. For example, the physical device information 502 may include physical
parameters, material characteristics, and structure information that is entered via a user
interface 504 coupled to the research computer 506. The research computer 806
includes a processor 508, such as one or more processing cores, coupled to a computer
readable medium such as a memory 510. The memory 510 may store computer
readable instructions that are executable to cause the processor 508 to transform the
physical device information 502 to comply with a file format and to generate a library
file 512.
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[0050] In a particular embodiment, the library file 512 includes at least one data file
including the transformed design information. For example, the library file 512 may
include a library of semiconductor devices including a device that includes the
semiconductor device 102 of FIG. 1, the voltage regulating device 104, the voltage
regulating device 446 of FIG. 4, or any combination thereof, that is provided for use

with an electronic design automation (EDA) tool 520.

[0051] The library file 512 may be used in conjunction with the EDA tool 520 at a
design computer 514 including a processor 516, such as one or more processing cores,
coupled to a memory 518. The EDA tool 520 may be stored as processor executable
instructions at the memory 518 to enable a user of the design computer 514 to design a
circuit including the semiconductor device 102, the voltage regulating device 104, the
communication device 400, the voltage regulating device 446, or any combination
thereof of the library file 512. For example, a user of the design computer 514 may
enter circuit design information 522 via a user interface 524 coupled to the design
computer 514. The circuit design information 522 may include design information
representing at least one physical property of a semiconductor device, such as the
semiconductor device 102 of FIG. 1, the voltage regulating device 104, or any
combination thereof. To illustrate, the circuit design property may include identification
of particular circuits and relationships to other elements in a circuit design, positioning
information, feature size information, interconnection information, or other information

representing a physical property of a semiconductor device.

[0052] The design computer 514 may be configured to transform the design
information, including the circuit design information 522, to comply with a file format.
To illustrate, the file formation may include a database binary file format representing
planar geometric shapes, text labels, and other information about a circuit layout in a
hierarchical format, such as a Graphic Data System (GDSII) file format. The design
computer 514 may be configured to generate a data file including the transformed
design information, such as a GDSII file 526 that includes information describing the
semiconductor device 102 of FIG. 1, the voltage regulating device 104, or any
combination thereof, in addition to other circuits or information. To illustrate, the data
file may include information corresponding to a system-on-chip (SOC) that includes the

semiconductor device 102, the voltage regulating device 104, the communication device
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400, the voltage regulating device 446, and that also includes additional electronic

circuits and components within the SOC.

[0053] The GDSII file 526 may be received at a fabrication process 528 to manufacture
the semiconductor device 102 of FIG. 1, the voltage regulating device 104, or any
combination thereof, according to transformed information in the GDSII file 526. For
example, a device manufacture process may include providing the GDSII file 526 to a
mask manufacturer 530 to create one or more masks, such as masks to be used with
photolithography processing, illustrated as a representative mask 532. The mask 532
may be used during the fabrication process to generate one or more wafers 534, which
may be tested and separated into dies, such as a representative die 536. The die 536
includes a circuit including a device that includes the semiconductor device 102, the
voltage regulating device 104, the communication device 400, the voltage regulating

device 446, or any combination thereof.

[0054] The die 536 may be provided to a packaging process 538 where the die 536 is
incorporated into a representative package 540. For example, the package 540 may
include the single die 536 or multiple dies, such as a system-in-package (SiP)
arrangement. The package 540 may be configured to conform to one or more standards
or specifications, such as Joint Electron Device Engineering Council (JEDEC)

standards.

[0055] Information regarding the package 540 may be distributed to various product
designers, such as via a component library stored at a computer 546. The computer 546
may include a processor 548, such as one or more processing cores, coupled to a
memory 550. A printed circuit board (PCB) tool may be stored as processor executable
instructions at the memory 550 to process PCB design information 542 received from a
user of the computer 546 via a user interface 544. The PCB design information 542
may include physical positioning information of a packaged semiconductor device on a
circuit board, the packaged semiconductor device corresponding to the package 540
including the semiconductor device 102, the voltage regulating device 104, the
communication device 400, the voltage regulating device 446, or any combination

thereof.
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[0056] The computer 546 may be configured to transform the PCB design information
542 to generate a data file, such as a GERBER file 552 with data that includes physical
positioning information of a packaged semiconductor device on a circuit board, as well
as layout of electrical connections such as traces and vias, where the packaged
semiconductor device corresponds to the package 540 including the semiconductor
device 102 of FIG. 1, the voltage regulating device 104, or any combination thereof. In
other embodiments, the data file generated by the transformed PCB design information

may have a format other than a GERBER format.

[0057] The GERBER file 552 may be received at a board assembly process 554 and
used to create PCBs, such as a representative PCB 556, manufactured in accordance
with the design information stored within the GERBER file 552. For example, the
GERBER file 552 may be uploaded to one or more machines to perform various steps
of'a PCB production process. The PCB 556 may be populated with electronic
components including the package 540 to form a representative printed circuit assembly

(PCA) 558.

[0058] The PCA 558 may be received at a product manufacture process 560 and
integrated into one or more electronic devices, such as a first representative electronic
device 562 and a second representative electronic device 564. As an illustrative, non-
limiting example, the first representative electronic device 562, the second
representative electronic device 564, or both, may be selected from the group of a set
top box, a music player, a video player, an entertainment unit, a navigation device, a
communications device, a personal digital assistant (PDA), a fixed location data unit,
and a computer, into which the semiconductor device 102, the voltage regulating device
104, the communication device 400, the voltage regulating device 446, or any
combination thereof is integrated. As another illustrative, non-limiting example, one or
more of the electronic devices 562 and 564 may be remote units such as mobile phones,
hand-held personal communication systems (PCS) units, portable data units such as
personal data assistants, global positioning system (GPS) enabled devices, navigation
devices, fixed location data units such as meter reading equipment, or any other device
that stores or retrieves data or computer instructions, or any combination thereof.
Although FIG. 5 illustrates remote units according to teachings of the disclosure, the

disclosure is not limited to these illustrated units. Embodiments of the disclosure may
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be suitably employed in any device which includes active integrated circuitry including

memory and on-chip circuitry.

[0059] A device that includes the semiconductor device 102, the voltage regulating
device 104, the communication device 400, the voltage regulating device 446, or any
combination thereof, may be fabricated, processed, and incorporated into an electronic
device, as described in the illustrative process 500. One or more aspects of the
embodiments disclosed with respect to FIGS. 1 and FIG. 4 may be included at various
processing stages, such as within the library file 512, the GDSII file 526, and the
GERBER file 552, as well as stored at the memory 510 of the research computer 506,
the memory 518 of the design computer 514, the memory 550 of the computer 546, the
memory of one or more other computers or processors (not shown) used at the various
stages, such as at the board assembly process 554, and also incorporated into one or
more other physical embodiments such as the mask 532, the die 536, the package 540,
the PCA 558, other products such as prototype circuits or devices (not shown), or any
combination thereof. Although various representative stages of production from a
physical device design to a final product are depicted, in other embodiments fewer
stages may be used or additional stages may be included. Similarly, the process 500
may be performed by a single entity or by one or more entities performing various

stages of the process 500.

[0060] One or more of the disclosed embodiments may be implemented in a system or
an apparatus that includes a portable music player, a personal digital assistant (PDA), a
mobile location data unit, a mobile phone, a cellular phone, a computer, a tablet, a
portable digital video player, or a portable computer. Additionally, the system or the
apparatus may include a communications device, a fixed location data unit, a set top
box, an entertainment unit, a navigation device, a monitor, a computer monitor, a
television, a tuner, a radio, a satellite radio, a music player, a digital music player, a
video player, a digital video player, a digital video disc (DVD) player, a desktop
computer, any other device that stores or retrieves data or computer instructions, or a
combination thereof. As another illustrative, non-limiting example, the system or the
apparatus may include remote units, such as global positioning system (GPS) enabled
devices, navigation devices, fixed location data units such as meter reading equipment,

or any other electronic device. Although one or more of FIGS. 1-5 illustrate systems,
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apparatuses, and/or methods according to the teachings of the disclosure, the disclosure
is not limited to these illustrated systems, apparatuses, and/or methods. Embodiments

of the disclosure may be employed in any device that includes circuitry.

[0061] It should be understood that any reference to an element herein using a

29 <

designation such as “first,” “second,” and so forth does not generally limit the quantity
or order of those elements. Rather, these designations may be used herein as a
convenient method of distinguishing between two or more elements or instances of an
element. Thus, a reference to first and second elements does not mean that only two
clements may be employed or that the first element must precede the second element in
some manner. Also, unless stated otherwise a set of elements may comprise one or

more elements.

[0062] As used herein, the term “determining” encompasses a wide variety of actions.
For example, “determining” may include calculating, computing, processing, deriving,
investigating, looking up (e.g., looking up in a table, a database or another data
structure), ascertaining and the like. Also, “determining” may include receiving (e.g.,
receiving information), accessing (e.g., accessing data in a memory) and the like. Also,

“determining” may include resolving, selecting, choosing, establishing and the like.

[0063] As used herein, a phrase referring to “at least one of” a list of items refers to any
combination of those items, including single members. As an example, “at least one of:

a, b, or ¢” is intended to cover: a, b, ¢, a-b, a-c, b-c, and a-b-c.

[0064] Various illustrative components, blocks, configurations, modules, circuits, and
steps have been described above generally in terms of their functionality. Whether such
functionality is implemented as hardware or processor executable instructions depends
upon the particular application and design constraints imposed on the overall system.
Additionally, the various operations of methods described above (e.g., any operation
illustrated in FIGS. 2-3) may be performed by any suitable means capable of performing
the operations, such as various hardware and/or software component(s), circuits, and/or
module(s). 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.
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[0065] Those of skill in the art would further appreciate that the various illustrative
logical blocks, configurations, modules, circuits, and algorithm steps described in
connection with the present disclosure may be implemented or performed with a general
purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA), a programmable logic device
(PLD), discrete gate or transistor logic, discrete hardware components (e.g., electronic
hardware), computer software executed by a processor, or any combination thereof
designed to perform the functions described herein. A general purpose processor may
be a microprocessor, but in the alternative, the processor may be any commercially
available processor, controller, microcontroller or state machine. A processor may also
be implemented as a combination of computing devices, ¢.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.

[0066] In one or more aspects, the functions described may be implemented in
hardware, software, firmware, or any combination thereof. If implemented in software,
the functions may be stored as one or more instructions or code on a computer-readable
medium. Computer-readable media includes computer readable storage media and
communication media including any medium that facilitates transfer of computer
program data from one place to another. A storage media may be any available media
that can be accessed by a computer. By way of example, and not limitation, such
computer readable storage media can include random access memory (RAM), read-only
memory (ROM), programmable read-only memory (PROM), erasable PROM
(EPROM), electrically erasable PROM (EEPROM), register(s), hard disk, a removable
disk, a compact disc read-only memory (CD-ROM), other optical disk storage, magnetic
disk storage, magnetic storage devices, or any other medium that can be used to store
program code in the form of instructions or data and that can be accessed by a computer.
In the alternative, the computer-readable media (e.g., a storage medium) may be integral
to the processor. The processor and the storage medium may reside in an application-
specific integrated circuit (ASIC). The ASIC may reside in a computing device or a
user terminal. In the alternative, the processor and the storage medium may reside as

discrete components in a computing device or user terminal.
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[0067] Also, any connection is properly termed a computer-readable medium. For
example, if software is transmitted from a website, server, or other remote source using
a coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or wireless
technologies such as infrared, radio, and microwave, then the coaxial cable, fiber optic
cable, twisted pair, DSL, or wireless technologies such as infrared, radio, and
microwave are included in the definition of medium. Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), and
floppy disk where disks usually reproduce data magnetically, while discs reproduce data
optically with lasers. Thus, in some aspects computer readable medium may include a
non-transitory computer readable medium (e.g., tangible media). Combinations of the

above should also be included within the scope of computer-readable media.

[0068] The methods disclosed herein include one or more steps or actions. The method
steps and/or actions may be interchanged with one another without departing from the
scope of the claims. In other words, unless a specific order of steps or actions is
specified, the order and/or use of specific steps and/or actions may be modified without

departing from the scope of the disclosure.

[0069] Certain aspects may include a computer program product for performing the
operations presented herein. For example, a computer program product may include a
computer-readable storage medium having instructions stored (and/or encoded) thereon,
the instructions being executable by one or more processors to perform the operations

described herein. The computer program product may include packaging material.

[0070] Further, it should be appreciated that modules and/or other appropriate means
for performing the methods and techniques described herein can be downloaded and/or
otherwise obtained by a user terminal and/or base station as applicable. Alternatively,
various methods described herein can be provided via storage means (e.g., RAM, ROM,
or a physical storage medium such as a compact disc (CD)). Moreover, any other
suitable technique for providing the methods and techniques described herein can be
utilized. It is to be understood that the scope of the disclosure is not limited to the

precise configuration and components illustrated above.

[0071] The previous description of the disclosed embodiments is provided to enable a

person skilled in the art to make or use the disclosed embodiments. While the foregoing
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is directed to aspects of the present disclosure, other aspects of the disclosure may be
devised without departing from the basic scope thercof, and the scope is determined by
the claims that follow. Various modifications, changes and variations may be made in
the arrangement, operation, and details of the embodiments described herein without
departing from the scope of the disclosure or the claims. Thus, the present disclosure is
not intended to be limited to the embodiments herein but is to be accorded the widest
scope possible consistent with the principles and novel features as defined by the

following claims and equivalents thereof.
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CLAIMS:

1. A method comprising:

measuring a temperature of a sensor associated with a memory array;

calculating, at a voltage regulating device, an operating voltage based on the
temperature and based on fabrication data associated with the memory
array; and

regulating, at the voltage regulating device, a voltage provided to the memory

array based on the operating voltage.

2. The method of claim 1, further comprising calculating a standby voltage

based on the temperature and the fabrication data.

3. The method of claim 1, wherein the voltage regulating device is included in a

power management integrated circuit.

4. The method of claim 1, wherein the voltage regulating device is embedded in

an integrated circuit that includes the memory array.

5. The method of claim 1, wherein the memory array and the sensor are located

within the same semiconductor die.

6. The method of claim 1, wherein the fabrication data includes information

applicable to calculating an end-of-life (EOL) operating voltage shift.

7. The method of claim 1, wherein the fabrication data characterizes a switching

capability of an element of the memory array.

8. The method of claim 1, wherein the fabrication data includes information

related to a negative bias temperature instability model of the memory array.

9. The method of claim 1, further comprising calculating a core logic operating
voltage based on a performance parameter associated with core logic, wherein the core

logic is coupled to the memory array.



WO 2014/150487 PCT/US2014/023381

_25-

10. The method of claim 9, wherein regulating the voltage based on the
operating voltage includes:
providing a first voltage to the memory array, the first voltage corresponding to
the operating voltage; and
providing a second voltage to the core logic, the second voltage corresponding

to the core logic operating voltage.

11. The method of claim 1, wherein the operating voltage is updated

periodically.

12. The method of claim 1, wherein calculating the operating voltage is

performed at a processor integrated into an electronic device.

13. The method of claim 1, wherein the memory array is a static random access

memory (SRAM) array.

14. An apparatus comprising:

a memory array;

a sensor configured to measure a temperature of the memory array; and

logic configured to set an operating voltage to be supplied to the memory array
based on the temperature and based on fabrication data associated with

the memory array.

15. The apparatus of claim 14, further comprising core logic that is powered by a

core logic operating voltage.

16. The apparatus of claim 14, wherein the memory array is further configured
to receive a standby voltage during a standby mode, wherein the standby voltage is

calculated based on a measured standby temperature and based on the fabrication data.

17. The apparatus of claim 16, wherein a voltage provided to the memory array

is regulated based on the operating voltage or the standby voltage.
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18. The apparatus of claim 14, wherein the fabrication data characterizes a

switching capability of at least one element of the memory array.

19. The apparatus of claim 14, wherein the fabrication data includes information

related to a negative bias temperature instability model of the memory array.

20. The apparatus of claim 14, further comprising:

a first die, wherein the memory array and the sensor are located on the first die;
and

a second die, wherein the second die includes a second memory array and a
second sensor configured to measure a temperature of the second

memory array.

21. The apparatus of claim 20, wherein the logic is further configured to set a
second operating voltage to be supplied to the second memory array based on a
temperature of the second memory array and fabrication data associated with the second
memory array, and wherein the second operating voltage is set independently of the

operating voltage.

22. The apparatus of claim 14, wherein the memory array comprises fin field-

effect transistor (FinFET) devices.

23. The apparatus of claim 14, further comprising a device selected from the
group consisting of a communications device, a computer, a set top box, a music player,
a video player, an entertainment unit, a navigation device, a personal digital assistant

(PDA), and a fixed location data unit, into which the memory array is integrated.
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24. An apparatus comprising:

means for measuring a temperature of a sensor associated with a memory array;

means for calculating an operating voltage based on the temperature and based
on fabrication data associated with the memory array; and

means for regulating a voltage based on the operating voltage.

25. The apparatus of claim 24 integrated in at least one semiconductor die.

26. The apparatus of claim 25, further comprising a device selected from the
group consisting of a set top box, a music player, a video player, an entertainment unit,
a navigation device, a communications device, a computer, a personal digital assistant
(PDA), and a fixed location data unit, into which the means for calculating and the

means for regulating are integrated.

27. A non-transitory computer-readable storage medium storing instructions
executable by a computer to perform operations comprising:
calculating, at a voltage regulating device, an operating voltage based on a
measured temperature and based on fabrication data associated with the
memory array; and
regulating, at the voltage regulating device, a voltage provided to the memory

array based on the operating voltage.
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28. The non-transitory computer-readable storage medium of claim 27, wherein
the instructions are executable by a processor integrated in a device selected from the
group consisting of a communications device, a computer, a set top box, a music player,
a video player, an entertainment unit, a navigation device, a personal digital assistant

(PDA), and a fixed location data unit.

29. A method comprising:
receiving design information comprising physical positioning information of a
packaged semiconductor device on a circuit board, the packaged
semiconductor device comprising:
a memory array;
a sensor configured to measure a temperature of the memory array; and
logic configured to set an operating voltage to be supplied to the memory
array based on the temperature and based on fabrication data
associated with the memory array; and

transforming the design information to generate a data file.
30. The method of claim 29, wherein the data file has a GERBER format.

31. The method of claim 29, wherein the data file has a GDSII format.
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Measure a temperature of a sensor associated with a SRAM array

— 202

l

Calculate a target operating voltage and/or a target standby voltage based on
the measured temperature and based on fabrication data associated with the
SRAM array

— 204

l

Calculate a core logic operating voltage and/or a core logic standby voltage
based on a performance parameter associated with core logic

— 206

l

Set the operating voltage based on the target operating voltage and set the
standby voltage based on the target standby voltage

— 208

l

Regulate a voltage based on the operating voltage and/or the standby voltage

210

l

Update the target operating voltage and/or the target standby voltage

— 212

'

Update the operating voltage to the updated target operating voltage and the
standby voltage to the updated target standby voltage

/T 214

FIG. 2



WO 2014/150487 PCT/US2014/023381

3/5

Measure a temperature of a sensor associated with a memory |/~ 302
array

l

Calculate, at a voltage regulating device, an operating voltage 304
based on the temperature and based on fabrication data (
associated with the memory array

l

Regulate, at the voltage regulating device, a voltage provided to [/~ 306
the memory array based on the operating voltage

l

Calculate a core logic operating voltage based on a performance 308
parameter associated with core circuitry that is coupled to the
memory array

l

Provide a first voltage to the memory array according to the /310
operating voltage

l

Provide a second voltage to the core according to the core /312
operating voltage

FIG. 3
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