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CLOCK ADJUSTMENT FOR VOLTAGE DROOP

BACKGROUND
Description of the Related Art

A processor typically employs one or more clock signals to synchronize logic
operations at modules of the processor, thereby preventing errors such as setup
errors, race conditions, and the like. The maximum clock frequency that can be
applied to a module depends at least in part on a supply voltage provided to the
module that governs voltage thresholds for transistors of the module. However, a
processor module sometimes experiences temporary reductions, referred to as
voltage droops, in the supply voltage. Failure to adjust the clock frequency for the
module can cause errors in the overall operation of the processor. Some processors
account for voltage droop by generating a “spare” clock signal at a reduced
frequency relative to a nominal clock frequency of the module clock signal, and in
response to detecting a voltage droop temporarily replace the module clock signal
with the spare clock signal. However, replacement of the clock signal can cause
operational errors during the replacement, and can require complex circuitry to

implement.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure may be better understood, and its numerous features and
advantages made apparent to those skilled in the art by referencing the
accompanying drawings. The use of the same reference symbols in different

drawings indicates similar or identical items.

FIG. 1 is a block diagram of a processor that adjusts a clock signal in response to a
voltage droop by adjusting enable signals used to generate the clock signal in

accordance with some embodiments.

FIG. 2 is a diagram illustrating an example of adjusting a clock signal at the
processor of FIG. 1 by adjusting enable signals used to generate the clock signal in

accordance with some embodiments.
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FIG. 3 is a block diagram illustrating a portion of a clock generator of the processor of

FIG. 1 in accordance with some embodiments.

FIG. 4 is a flow diagram of a method of adjusting a clock signal at a processor in
response to a voltage droop by adjusting enable signals used to generate the clock

signal in accordance with some embodiments.

DETAILED DESCRIPTION

FIGs. 1-4 disclose techniques for adjusting frequencies of one or more clock signals
at a processor in response to a voltage droop at the processor. The processor
generates at least one clock signal by generating a plurality of base clock signals,
each of the base clock signals having a common frequency but a different phase.
The processor also generates a plurality of enable signals, wherein each enable
signal governs whether a corresponding one of the base clock signals is used to
generate the clock signal. The enable signals therefore determine the frequency of
the clock signal. In response to detecting a voltage droop, the processor adjusts the
enable signals used to generate the clock signal, thereby “stretching”, or reducing the

frequency of, the clock signal and reducing errors resulting from the voltage droop.

FIG. 1 illustrates a processor 100 that adjusts a clock signal in response to a voltage
droop in accordance with some embodiments. The processor 100 can be
implemented by any of a variety of compute-enabled electronic devices, such as a
server, a desktop computer, a notebook computer, a tablet computer, a compute-
enabled portable cellular phone (e.g., a “smart phone”), a compute-enabled watch or
other wearable item, a personal digital assistant (PDA), a gaming console, and the
like. In the depicted example, the processor 100 includes a processor core 102, a
voltage detector 103, a clock control module 104, a phase-locked loop (PLL) 105, a
stretch control module 107, clock generators 110 and 112, and a digital voltage and

frequency scaling (DVFS) module 115.

The processor core 102 is generally configured to execute sets of instructions (e.g.,
computer programs) to carry out operations on behalf of an electronic device. To
execute the sets of instructions, the processor core includes one or more modules,

such as fetch stages, dispatch stages, execution units, memory controllers,
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input/output interfaces, caches, and the like that are each composed of synchronous
logic elements, logic gates, and other components. To synchronize operation of
these components, the processor core 102 employs one or more clock signals. In
the depicted example, the processor core 102 employs two different clock signals,
designated “CK1” and “CK2” to synchronize its operations. In some embodiments,
the clock signals CK1 and CK2 can concurrently be at different frequencies, and can
be used to synchronize different modules of the processor core 102, or different

operations of a module.

To generate the clock signals CK1 and CK2, the processor 100 employs the PLL 105
in conjunction with the clock control module 104 and the clock generators 110 and
112. The clock control module 104 is generally configured to identify a frequency for
the clock signals CK1 and CK2 based on any of a number of criteria. In the example
of processor 100, the DVFS module 115 is configured to supply frequency
information for the clock signals CK1 and CK2 based on operating conditions for the
processor 100. For example, in some embodiments the DVFS module 115 receives
power mode information for the processor 100, the power mode information
indicating a selection of one of a plurality of power states. The power mode
information can, for example, be supplied by an operating system executing at the
processor core 102, based on information supplied by a performance monitor (not
shown) of the processor 100 based on performance characteristics of the processor
core 102, and the like. Based on the power mode information, the DVFS module 115
selects a voltage to be supplied to the processor core 102 to be used as a reference
voltage for one or more modules of the processor core 102. In addition, based on the
power mode the DVFS module 115 supplies frequency information to the clock
control module 104, indicating the frequencies for the clock signals CK1 and CK2
corresponding to the selected power state. Based on the frequency information, the
clock control module 104 generates enable signals designated E1[7:0] and E2[7:0] to

set the frequencies for the clock signals CK1 and CK2, as described further herein.

The PLL 105 is configured to receive a reference clock signal (not shown) from a
crystal oscillator (not shown) or other clock source and based on the reference clock
signal generate a plurality of base clock signals, wherein each base clock signal is

out of phase with the others. In the example of processor 100, it is assumed that the
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PLL 105 generates eight base clock signals, designated C0, C45, C90, C135, C180,
C225, C270, and C315, and collectively referred to as C0-C315. Each of the base
clock signals C0O-C315 is at least forty-five degrees out of phase with the other base
clock signals. In particular, the base clock signal C45 is forty-five degrees out of
phase with the base clock signal CO, the base clock signal C90 is ninety degrees out
of phase with the base clock signal CO, the base clock signal C135 is one-hundred
thirty-five degrees out of phase with the base clock signal CO, and so on, with the
number in the clock signal designation indicating the number of degrees the clock

signal is out of phase with the clock signal CO.

The clock generators 110 and 112 are each configured to receive a set of enable
signals and the base signals C0-C315 and, based on the received enable signals,
combine the base signals C0-C315 to generate the respective output clock signal at
a frequency based on the enable signals. Thus, for example, the clock generator 112
is configured to receive the enable signals E1[7:0] and based on the enable signals
combine the base clock signals C0-C315 to generate the clock signal CK1 at a
frequency based on the enable signals E1[7:0]. In some embodiments, each of the
enable signals E1[7:0] corresponds to a different one of the clock signals C0-C315
and the state of the enable signal indicates whether the corresponding clock signal
will be applied to one or more logic gates whose output is used to generate the clock.
The clock generator 112 thereby implements a frequency divider with respect to the
frequency (referred to as the base frequency) of the base clock signals C0-C315,
generating the clock signal C1 to have a frequency that is a fraction of the base
frequency, wherein the fraction is controlled, at least in part, by the enable signals
E1[7:0]. The clock generator 110 is configured similarly to generate the clock signal
CK2 based on the base clock signals C0-C315, but the frequency of the clock signal
is controlled in part by the enable signals E2[7:0].

To reduce errors due to voltage droop at the processor core 102, the processor 100
employs the voltage detector 103 and the stretch control module 107. The voltage
detector 103 is configured to monitor a supply voltage at one or more locations in the
processor core 102. In response to detecting the monitored voltage has fallen by a

specified threshold amount, the voltage detector 103 asserts an output signal
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designated “DROQOP?”, thereby indicating that a voltage droop has been detected at

the processor core 102.

The stretch control module 107 is configured to generate two sets of signals in
response to assertion of the DROOP signal. In particular, in response to assertion of
the DROOP signal, the stretch control module 107 asserts a signal designated
“STRETCH? to indicate that one or both of the clock signals CK1 and CK2 should be
“stretched”, or have their frequencies reduced in response to the voltage droop. In
addition, the stretch control module 107 generates a set of stretch enable signals,
designated S[7:0]. In some embodiments, each of the stretch enable signals
corresponds to either the enable signals E2[7:0] or the enable signals E1[7:0]. In
response to assertion of the STRETCH signal, the clock generator 112 replaces the
enable signals E1[7:0] with the stretch enable signals S[7:0], thereby changing the
frequency of the clock signal CK1 in response to the detected voltage droop.
Similarly, in response to assertion of the STRETCH signal, the clock generator 110
replaces the enable signals E2[7:0] with the with the stretch enable signals S[7:0],
thus changing the frequency of the clock signal CK2.

In at least one embodiment, the stretch control module 107 is configured to monitor
the enable signals E2[7:0] and to generate the stretch enable signals S[7:0] to modify
the frequency of the clock signal CK1 by a predetermined amount. Thus, for
example, the stretch control module 107 can generate the stretch enable signals
such that the frequency of the clock signal CK1 is divided by two, relative to the
nominal frequency of the clock signal as set by the enable signals E2[7:0], in
response to a voltage droop. In some embodiments, the stretch control module
changes the frequency of the clock signal CK1 by a variable amount, depending on
the size of the voltage droop indicated by the signal DROOP (or by a plurality of
control signals represented by the signal DROOP). Thus, for example, if the voltage
droop at the processor core 102 exceeds a first threshold, the stretch control module
107 can set the stretch control signals S[7:0] to divide the frequency the clock signal
CK1 by 1.25, relative to the nominal frequency set by the enable signals E1[7:0] and
if the voltage droop at the processor core 102 exceeds a second threshold, the
stretch control module 107 can set the stretch control signals S[7:0] to divide the

frequency the clock signal CK1 by 1.25, relative to the nominal frequency.
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After a voltage droop, the voltage detector 103 continues to monitor the voltage at the
processor core 102. In response to the monitored voltage returning to its pre-droop
level, or moving above a threshold level, the voltage detector 103 negates the
DROOP signal. In response, the stretch control module 107 negates the STRETCH
signal, causing the clock generator 112 to return to generating the CK1 clock signal
based only on the enable signals E1[7:0], and the clock generator 110 to return to
generating the CK2 clock signal based only on the enable signals E2[7:0]. That s,
the clock signals CK1 and CK2 are returned to their pre-voltage-droop frequencies,

as set by the clock control module 104.

As described above, in response to a voltage droop at the processor core 102 the
processor 100 reduces the clock frequencies of clock signals applied to the processor
core by modifying the enable signals used to generate the clock signals. This allows
the processor 100 to adapt the clock frequencies in response to a voltage droop
using the same circuitry used to generate the original clock signals, thereby reducing
the amount of circuitry needed to adapt to a voltage droop. In addition, by employing
the same circuitry used to generate the original clock signals, the processor 100 can
ensure that the change in the clock frequency is synchronized with a phase of the
original clock signals, allowing the clock frequency to change without requiring

suspension of activity at the processor core 102.

It will be appreciated that in some embodiments, the stretch control module 107 can
adjust set the frequency for the clock signals CK1 and CK2 to different frequencies,
including stretching one of the clock signals while maintaining the other clock signal
in an unstretched state. For example, the stretch control module 107 can generate
two sets of individually and separately controllable stretch control signals S1[7:0] and
S2[7:0]. Further, in some embodiments the processor 100 can include multiple
voltage detectors to detect voltage droop at different modules of the processor 100,
such as one voltage detector to detect a voltage droop at a processor core and a
different voltage detector to detect a voltage droop at a cache. Based on signals
provided by the different voltage detectors, the stretch control module 107 can
individually and selectively adjust the frequency of different clock signals. For
example, stretching a clock signal supplied to a cache in response to the

corresponding voltage detector detecting a voltage droop at the cache, while
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maintaining a clock signal supplied to the processor core in an unstretched state

because no voltage droop has been detected at the processor core.

FIG. 2 illustrates a diagram 200 depicting an example operation of the clock
generator 110 in accordance with some embodiments. In the depicted example, the
diagram 200 illustrates waveforms 220-227, each corresponding to a different one of
the base clock signals C0-C315. Thus, for example, waveform 220 represents the
base clock signal CO, while waveform 221 represents the base clock signal C45. In
addition, diagram 200 illustrates waveform 230, representing the clock signal CK1,

and waveform 235, representing the signal STRETCH.

In the illustrated example, between a time 240 and a subsequent time 243, the
STRETCH signal is in a negated state, indicating that no voltage droop has been
detected at the processor core 102. Accordingly, between time 240 and time 244,
the frequency of the clock signal CK1 is controlled by the enable signals E1[7:0]
generated by the clock control module 104. In particular, for a first period of the base
clock signal CK180, between time 240 and a time 241, the clock control module 104
sets the E1[7:0] enable signals to the value 00000111. In response, between time
240 and time 241, the clock generator 110 generates the CK1 clock signal as the
logical “OR” combination of the base clock signals CKO, CK45, and CK90. For the
subsequent period of the base clock signal CK180, between time 241 and a time 243
the clock control module 104 sets the E1[7:0] enable signals to the value 11100000.
In response, the clock generator 110 generates the CK1 clock signal as the logical
“OR” combination of the base clock signals CK180, CK225, and CK270. For the next
period of the base clock signal CK180, between time 242 and time 244, the clock
control module 104 sets the E1[7:0] enable signals to the value 00000000, so that the

CK1 clock signal is negated.

The net effect of the enable signals E1[7:0] as generated by the clock control module
104 between times 240 and 244 is to cause the clock generator 110 to generate the
CK1 clock signal to have a frequency equal to the frequency of the base clock signals
divided by 1.75. Thus, when the STRETCH signal is negated, the clock generator
110 operates as a frequency divider, wherein it generates the CK1 clock to have a
frequency equal to the frequency of the base clock signals divided by a divisor, with

the divisor set by the sequence of enable signals generated by the clock generator
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110. The clock generator 110 can adjust the divisor by adjusting the sequence of
enable signals, in order to set the CK1 clock signal to a frequency indicated by the
DVFS module 115 (FIG. 1).

In the depicted example of FIG. 2, at time 243 the STRETCH signal is asserted,
indicating that the voltage detector 103 (FIG. 1) has detected a voltage droop at the
processor core 102. In response, at the beginning of the next period of the base
clock signal CK180 (i.e., at time 244) the clock generator 110 stops employing the
E1[7:0] enable signals to generate the clock signal CK1, and begins using the stretch
enable signals S[7:0]. Further, the stretch control module 107 generates the stretch
enable signals S[7:0] to reduce the frequency of the clock signal CK1 relative to its

frequency prior to time 244, thereby adjusting for the voltage droop.

To illustrate, during the period of the base clock signal CK180 between time 244 and
a time 245, the stretch control module 107 generates the stretch enable signals
S[7:0] to have a value of 00011111. In response, between time 244 and time 245,
the clock generator 110 generates the CK1 clock signal as the logical “OR”
combination of the base clock signals CKO, CK45, CK90, CK135, and CK180. For
the subsequent period of the base clock signal CK180 that follows time 245, the
stretch control module 107 generates the stretch enable signals S[7:0] to have a
value of 00000000, thereby causing the clock generator 110 to negate the clock
signal CK1 for this period of the base clock signal 180. For subsequent periods of
the base clock signal CK180 (not shown at FIG. 2) while the STRETCH signal is
asserted, the stretch control module 107 alternates the value of the stretch enable
signals S[7:0] between 00011111 and 0000000. This sequencing of values for the
stretch enable signals results in the clock generator 110 generating the clock signal
CK1 to have a frequency that is half of the frequency of the base clock signals. That
is, the sequence of values for the stretch enable signals S[7:0] establishes the divisor

for the clock generator 110 to have a value of two.

In the depicted example, the clock control module 104 continues to generate values
for the enable signals E1[7:0] while the STRETCH signal is asserted. Thatis, the
clock control module 104 generates the enable signals E1[7:0] independently of the
state of the STRETCH signal. This allows the processor 100 to quickly switch

between clock frequencies, in response to the initiation or cessation of voltage droop,
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by switching which enable signals are employed by the clock generator 110 to
generate the clock signal CK1. Further, it allows the clock generator 110 to
synchronize any change in frequency with a period of the clock signal CK1, thereby
allowing the processor core 102 to continue operation during the change in
frequency. This can improve processing and power efficiency relative to conventional
designs that would require the processor core 102 to suspend operations while the
frequency of its clock signals are changed in response to initiation or cessation of a

voltage droop.

In some embodiments, rather than changing the period of the clock signal CK1 at a
rising edge of the clock signal in response to assertion of the STRETCH signal, the
clock generator 110 can change the period at a falling edge of the clock signal CK1,
so that the first stretched phase of the clock signal CK1 is during a negated phase.
For some processors, changing the period of the clock signal during a falling edge
can allow the clock generator 110 to begin the stretched period of the clock signal

CK1 more quickly, thereby saving additional power.

In addition, in some embodiments when the STRETCH signal is negated, the stretch
control module 107 provides the S[7:0] signals that are phase-aligned with the clock
signal CK1. Similarly, when the STRETCH signal is asserted, the clock control
module 104 provides the E1[7:0] signals as phase-aligned signals to the stretched
clock signal CK1. By phase aligning the S[7:0] signals and E1[7:0] signals to the
clock signal CK1 (when unstretched and stretched, respectively), the period of the
clock signal CK1 can transition at a clock edge, thereby reducing errors resulting from

the change in the clock signal CK1.

FIG. 3 illustrates a block diagram of a portion 300 of the clock generator 110 in
accordance with some embodiments. The portion 300 includes a clock sub-circuit
350, NAND gate 355 and 356, and a NOR gate 357. The sub-circuit 350 includes a
latch 351, a multiplexer 352, a latch 353, and a NAND gate 354. The latch 351
includes a data input to receive the enable signal E1[1], a clock input to receive the
base clock signal C180, and an output. The multiplexer 352 includes a data input
connected to the output of the latch 351, a data input to receive the stretch enable
signal S[1], and a control input to receive the STRETCH signal, and an output. The

latch 353 includes a data input connected to the output of the multiplexer 352, an
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enable input to receive the base clock signal C225, and an output. The NAND gate
354 includes an input connected to the output of the latch 353, an input to receive the

clock signal C45, and an output.

In operation, the sub-circuit 350 is generally configured to select one of the enable
signal E1[1] or the stretch enable signal S[1] as the applicable enable signal for the
sub-circuit 350, and to select whether the base clock signal C45 is to be used to as
one of the bases of the clock signal CK1. To illustrate, the latch 351 is generally
configured to latch the value of the enable signal E1[1] in response to assertion of the
base clock signal C180. The multiplexer 352 is configured to select the applicable
enable signal based on the state of the STRETCH signal. In particular, in response
to the STRETCH signal being negated, the multiplexer 352 applies the output of the
latch 351 at its output. Therefore, if the STRETCH signal is negated, the latched
value of the enable signal E1[1] is applied to the input of the latch 353. In contrast, if
the STRETCH signal is asserted, the multiplexer 352 applies the stretch enable
signal S[1] to the input of the latch 353.

The NAND gate 354 is configured to selectively apply the base clock signal C45 at its
output based on the state of the applicable enable signal as latched at the latch 353.
Thus, if the value of the latched applicable enable signal is negated, indicating the
base clock signal C45 is not to be used as a basis of the CK1 clock signal, the NAND
gate 354 maintains its output in an asserted state. If the value of the latched
applicable enable signal is asserted, the output of the NAND gate will be an inverted

representation of the base clock signal C45.

The clock generator 110 includes additional sub-circuits similar to the sub-circuit 350
and are not illustrated at the portion 300 for clarity. In particular, the clock generator
110 includes a corresponding sub-circuit for each base clock signal C0-C315, with
each sub-circuit receiving a different one of the enable signals E1[7:0] and a different
corresponding one of the stretch enable signals S[7:0]. Each sub-circuit operates
similarly to the sub-circuit 350 by selecting the applicable enable signal based on the
state of the STRETCH signal, and by selecting, based on the state of the
corresponding applicable enable signal, whether the corresponding clock signal is to

be used as one of the bases of the clock signal CK1.
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The NAND gate 355 includes a plurality of inputs each connected to a different one of
the sub-circuits for the base clock signals C0O, C45, C90, and C135, and an output.
The NAND gate 356 includes a plurality of inputs each connected to a different one of
the sub-circuits for the base clock signals C180, C225, C270, and C315. The NOR
gate 357 includes an input connected to the output of the NAND gate 355, an input
connected to the output of the NAND gate 356, and an output to provide the clock
signal CK1. Based on the configuration and connections of the sub-circuits (e.g.,
sub-circuit 350), the NAND gates 355 and 356, and the NOR gate 357, the CK1 clock
signal is generated based on the state of the applicable enable signals, as indicated
by the state of the STRETCH signal, and based on the base clock signals selected

by the applicable enable signals.

FIG. 4 illustrates a flow diagram of a method 400 of adjusting a frequency of a clock
signal in response to detecting a voltage droop at a processor core in accordance
with at least one embodiment. For purposes of description, the method 400 is
described with respect to an example implementation at the processor 100 of FIG. 1.
At block 402, the clock control module 104 identifies, based on information received
from the DVFS module 115, the nominal frequency setting for the clock signals CK1
and CK2. At block 404, the clock control module 104 generates the E2[7:0] and
E1[7:0] enable signals to set the CK2 and CK1 clock signals to their respective
nominal frequency settings. At block 406 the stretch control module 107 generates
the stretch enable signals S[7:0] to set the CK1 and CK2 clock signals to a lower

frequency relative to their nominal frequencies.

At block 408, the voltage detector 103 monitors the voltage at one or more points of
the processor core 102 to identify whether a voltage droop is present. If not, the
voltage detector 103 maintains the DROOP signal in a negated state and the stretch
control module 107 in turn maintains the STRETCH signal in a negated state. In
response, the method flow moves to block 410, and the clock generators 110 and
112 generate the CK2 and CK1 clock signals based on the E2[7:0] and E1[7:0]
enable signals, thereby generating the clock signals at their respective nominal
frequencies. The method flow then returns to block 408 as the voltage detector 103

continues to monitor the voltage at the processor core 102.
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Returning to block 408, in response to detecting a voltage droop the voltage detector
103 asserts the DROOP signal, thereby causing the stretch control module 107 to
assert the STRETCH signal. In response, the method flow moves to block 412 and
the clock generators 110 and 112 generate the CK2 and CK1 clock signals based on
the S[7:0] stretch enable signals, thus generating the clock signals at their slower
frequencies. The method flow proceeds to block 414 and the voltage detector 103
monitors whether the voltage at the processor core 102 has returned to its nominal
level or range. If not, the method returns to block 412 as the clock generators 110
and 112 maintain the CK2 and CK1 clock signals at their slower frequencies. If, at
block 414, the voltage detector 103 identifies that the monitored voltage has returned
to its nominal level or range, the method flow proceeds to block 410, where the
stretch control module 107 negates the STRETCH signal, causing the clock
generators 110 and 112 to return to generating the CK2 and CK1 clock signals based
on the E2[7:0] and E1[7:0] enable signals.

In some embodiments, certain aspects of the techniques described above can
implemented by one or more processors of a processing system executing

software. The software comprises one or more sets of executable instructions stored
or otherwise tangibly embodied on a non-transitory computer readable storage
medium. The software can include the instructions and certain data that, when
executed by the one or more processors, manipulate the one or more processors to
perform one or more aspects of the techniques described above. The non-transitory
computer readable storage medium can include, for example, a magnetic or optical
disk storage device, solid state storage devices such as Flash memory, a cache,
random access memory (RAM) or other non-volatile memory device or devices, and
the like. The executable instructions stored on the non-transitory computer readable
storage medium may be in source code, assembly language code, object code, or
other instruction format that is interpreted or otherwise executable by one or more

processors.

Note that not all of the activities or elements described above in the general
description are required, that a portion of a specific activity or device may not be
required, and that one or more further activities may be performed, or elements

included, in addition to those described. Still further, the order in which activities are
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listed are not necessarily the order in which they are performed. Also, the concepts
have been described with reference to specific embodiments. However, one of
ordinary skill in the art appreciates that various modifications and changes can be
made without departing from the scope of the present disclosure as set forth in the
claims below. Accordingly, the specification and figures are to be regarded in an
illustrative rather than a restrictive sense, and all such modifications are intended to

be included within the scope of the present disclosure.

Benefits, other advantages, and solutions to problems have been described above
with regard to specific embodiments. However, the benefits, advantages, solutions to
problems, and any feature(s) that can cause any benefit, advantage, or solution to
occur or become more pronounced are not to be construed as a critical, required, or
essential feature of any or all the claims. Moreover, the particular embodiments
disclosed above are illustrative only, as the disclosed subject matter can be modified
and practiced in different but equivalent manners apparent to those skilled in the art
having the benefit of the teachings herein. No limitations are intended to the details
of construction or design herein shown, other than as described in the claims below.
It is therefore evident that the particular embodiments disclosed above may be
altered or modified and all such variations are considered within the scope of the
disclosed subject matter. Accordingly, the protection sought herein is as set forth in

the claims below.
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WHAT IS CLAIMED IS:

1. A method comprising:
in response to detecting a voltage drop [408] at a processor [100], modifying a
first set of enable signals to generate a modified first set of enable
signals; and
generating a first clock signal [230] based on the modified first set of enable

signals [412].

2. The method of claim 1, wherein modifying the first set of enable signals
comprises:
modifying the first set of enable signals to change a frequency of the first clock

signal from a first frequency to a second frequency.

3. The method of claim 2, wherein the second frequency is less than the first

frequency.

4. The method of claim 1, further comprising:
after detecting the voltage drop at the processor, in response to detecting a
voltage increase at the processor [414], modifying the modified first set
of enable signals to generate a modified second set of enable signals;
and
generating the first clock signal based on the modified second set of enable

signals [410].

5. The method of claim 1, wherein generating the first clock signal comprises:
selecting a plurality of clock signals [220, 221, 222, 223, 224, 225, 226, 227]
based on the modified first set of enable signals; and
logically combining [355, 356] the selected plurality of clock signals to

generate the first clock signal.

6. The method of claim 1, further comprising:
in response to detecting the voltage drop at the processor, modifying a second
set of enable signals to generate a modified second set of enable

signals; and
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generating a second clock signal based on the modified second set of enable

signals.

7. The method of claim 6, wherein:
generating the first clock signal comprises generating the first clock signal to
have a first frequency; and
generating the second clock signal comprises generating the second clock

signal to have a second frequency different from the first frequency.

8. A method, comprising

generating a first set of enable signals [404];

generating a first clock signal [230] at a first frequency based on the first set of
enable signals;

providing the first clock signal at the first frequency to a processor [100]; and

in response to detecting a voltage drop at the processor [408], modifying the
first set of enable signals to change a frequency of the first clock signal
from the first frequency to a second frequency [412], the second

frequency different from the first frequency.

9. The method of claim 8, further comprising:
in response to detecting a voltage increase [414] at the processor after the
voltage drop, modifying the first set of enable signals [410] to change
the frequency of the first clock signal from the second frequency to the

first frequency.

10. The method of claim 8, further comprising:
in response to detecting a voltage increase at the processor after the voltage
drop, modifying the first set of enable signals to change the frequency
of the first clock signal from the second frequency to a third frequency,
the third frequency different from the first frequency and from the

second frequency.

11. The method of claim 8, further comprising:

providing the first clock signal to a cache associated with the processor.
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12. The method of claim 8, further comprising:

generating a second set of enable signals;

generating a second clock signal at a third frequency based on the second set
of enable signals;

providing the second clock signal at the second frequency to the processor;
and

in response to detecting the voltage drop at the processor, modifying the first
set of enable signals to change a frequency of the second clock signal
from the third frequency to a fourth frequency, the fourth frequency

different from the third frequency.

13. The method of claim 8, wherein generating the first clock signal comprises:
selecting, based on the first set of enable signals, a subset of clock signals
from a plurality of clock signals [220, 221, 222, 223, 224, 225, 226,
227]; and
combining [355, 356] the selected plurality of clock signals to generate the first

clock signal.

14. A processor [100] comprising:

a voltage detection module [103]to detect a voltage drop at the processor,

a first clock module [112] to receive a first set of enable signals and a first
plurality of clock signals, the first clock module to generate a first clock
signal based on the first set of enable signals and the plurality of clock
signals; and

a stretch control module [107] to modify the first set of enable signals in

response to the voltage detection module indicating the voltage drop.

15. The processor of claim 14, wherein the stretch control module is to:
modify the first set of enable signals to change a frequency of the first clock

signal from a first frequency to a second frequency.

16. The processor of claim 15, wherein the second frequency is less than the first

frequency.



10

15

20

WO 2018/013156 PCT/US2016/051814

17. The processor of claim 14, wherein the stretch control module is to:
in response to the voltage detection module indicating an increase in the
voltage at the processor, modifying the modified first set of enable

signals to generate a modified second set of enable signals.

18. The processor of claim 14, wherein the first clock module is to:
select a subset of the plurality of clock signals [220, 221, 222, 223, 224, 225,

226, 227] based on the first set of enable signals; and
logically combine [355, 356] the selected plurality of clock signals to generate

the first clock signal.

19. The processor of claim 14, further comprising:
a second clock module [110] to receive a second set of enable signals and the
first plurality of clock signals, the first clock module to generate a
second clock signal based on the second set of enable signals and the
plurality of clock signals; and
the stretch control module to modify the second set of enable signals in

response to the voltage detection module indicating the voltage drop.

20. The processor of claim 19, wherein:
the first clock module is to generate the first clock signal to have a first
frequency; and
the second clock module is to generate the second clock signal to have a

second frequency different from the first frequency.
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