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Description

TECHNICAL FIELD

[0001] This application relates to the communications
field, and in particular, to a method for determining a volt-
age of a processor of a terminal, and a terminal.

BACKGROUND

[0002] In a terminal powered by a battery, system pow-
er consumption is a very important problem. During run-
ning, power consumption of a central processing unit
(CPU) accounts for a main part of system power con-
sumption. Therefore, when a running speed of the CPU
is ensured, usually the CPU is set to work at a minimum
voltage, to reduce the system power consumption.
[0003] Currently, there are usually two methods for
measuring a minimum working voltage of a CPU in a
terminal. In one method, a machine, for example, auto-
matic test equipment (Automatic Test Equipment, ATE)
for mass production of CPUs is used to measure hun-
dreds of different CPUs for statistical analysis and cali-
bration. Specifically, different CPUs may be classified by
using data of a statistical model. For example, the CPUs
may be classified into a relatively fast low-voltage cate-
gory and a relatively slow high-voltage category, that is,
a category of a relatively fast running speed and a rela-
tively low working voltage and a category of a relatively
slow running speed and a relatively high working voltage.
A statistical value of a minimum working voltage is meas-
ured for each category of CPUs. Because of differences
between the different CPUs, the statistical model has a
relatively great error, and a margin needs to be added in
advance to ensure stable mass production. In addition,
because a running environment in the machine for mass
production of CPUs is different from a running environ-
ment in a terminal to which a CPU is actually applied,
and during calibration, a statistical model of a large quan-
tity of samples is used, an error may be generated in the
calibration process. Consequently, an extra margin
needs to be added again, to ensure more stable mass
production. Further, an aging phenomenon occurs in a
CPU, but an aging status cannot be reflected in the ma-
chine. Therefore, when CPUs are produced by using this
method, a margin for aging further needs to be added in
advance, to ensure that after a mass-produced CPU is
used in a terminal for a period of time, the CPU can still
maintain good performance.
[0004] In the other method, a machine for mass pro-
duction of CPUs, for example, ATE, is used to test and
calibrate each CPU, to determine a minimum working
voltage of each CPU. Compared with the first method,
although this method reduces an error of a CPU statistical
model, an error caused by calibration and aging still can-
not be resolved. In addition, because each CPU needs
to be tested in the mass production machine to determine
a minimum working voltage, in this method, a testing time

and testing costs of the mass production machine are
greatly increased.
[0005] Prior art document US 2015/0301914 A1 dis-
closes a device wherein the power budget during the
switch-on process is limited. Prior art document CN
104951029 discloses a device wherein a self test is per-
formed, during the switch-on process, to determine the
minimum operating voltage of a CPU.

SUMMARY

[0006] This application provides a method for deter-
mining a voltage of a processor of a terminal, and a ter-
minal, to more accurately measure a minimum working
voltage of a processor.
[0007] According to a first aspect, a method for deter-
mining a voltage of a processor of a terminal is provided.
The terminal includes an auxiliary processor and a CPU.
The method includes: in a switch-on process of the ter-
minal, after completing system initialization, determining,
by the auxiliary processor, a minimum working voltage
of the CPU; setting, by the auxiliary processor, a current
voltage of the CPU to the minimum working voltage; and
completing, by the CPU at the minimum working voltage,
the switch-on process of the terminal, and controlling the
terminal to work.
[0008] Therefore, in the method for determining a volt-
age of a processor of a terminal in this application, in the
switch-on process of the terminal, the auxiliary processor
determines the minimum working voltage of the CPU,
and can enable the terminal to be switched on and work
normally. Compared with that a testing machine meas-
ures a minimum working voltage of a processor during
production of the processor, a testing time and testing
costs can be reduced, testing precision can be improved,
and a minimum working voltage of a processor can be
more accurately tested. In addition, an error of a calibra-
tion margin when testing is performed on the machine
and an error caused by aging of the processor can be
overcome.
[0009] Optionally, the CPU may work at multiple fre-
quencies, and then, when measuring the minimum work-
ing voltage of the CPU, the auxiliary processor may
measure a minimum working voltage corresponding to
each working frequency. For example, there are four
working frequencies of the CPU: 1 GHz, 1.5 GHz, 2 GHz,
and 2.5 GHz. Then, minimum working voltages corre-
sponding to the working frequencies of 1 GHz, 1.5 GHz,
2 GHz, and 2.5 GHz are separately measured, so that a
corresponding minimum working voltage is set according
to a working frequency when the CPU works.
[0010] Optionally, because a temperature of a running
environment of the CPU may change, a temperature of
a current running environment may be recorded when
the minimum working voltage of the CPU is measured,
so that a temperature compensation is made for the min-
imum working voltage when a temperature of the CPU
changes.
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[0011] With reference to the first aspect, in an imple-
mentation of the first aspect, the determining a minimum
working voltage of the CPU includes: determining, by the
auxiliary processor, an initial working voltage V0 at which
the CPU can work normally; decreasing, by the auxiliary
processor, a current voltage of the CPU from Vi-1 to Vi,
where a value of i is successively 1, 2, 3, ...; and when
the auxiliary processor determines that the CPU can work
normally at the voltage of Vi, decreasing, by the auxiliary
processor, the current voltage of the CPU from Vi to Vi+1;
or when the auxiliary processor determines that the CPU
cannot work normally at the voltage of Vi, determining,
by the auxiliary processor, that the minimum working volt-
age of the CPU is Vi-1.
[0012] It should be understood that for the first testing
of a working voltage of the CPU, that is, no testing has
been previously performed on the minimum working volt-
age of the CPU, the auxiliary processor determines the
initial working voltage V0 of the CPU, and the initial work-
ing voltage may be obtained by a process monitor (proc-
ess monitor). The process monitor is configured to mark
a running speed of the CPU, and determine, according
to a correspondence between the running speed and the
working voltage, that a working voltage corresponding to
the running speed is the initial working voltage of the
CPU.
[0013] It should be understood that for non-first testing
of a working voltage of the CPU, that is, testing of a min-
imum working voltage has been previously performed
when the CPU is switched on, when testing of a minimum
working voltage is performed again after the CPU is
switched on, the auxiliary processor may determine the
current initial working voltage of the CPU by using a volt-
age value that is saved when the minimum working volt-
age is measured last time.
[0014] Optionally, the auxiliary processor may save, in
a storage unit, a working voltage that is obtained after
each voltage testing during each switch-on, and the CPU
may save, in the storage unit, a testing result eigenvalue
corresponding to each working voltage, so that the aux-
iliary processor obtains the testing result eigenvalue for
comparison.
[0015] With reference to the first aspect and the fore-
going implementation, in another implementation of the
first aspect, the determining a minimum working voltage
of the CPU includes: determining, by the auxiliary proc-
essor, an initial working voltage V0 at which the CPU
cannot work normally; increasing, by the auxiliary proc-
essor, the current voltage of the CPU from Vi-1 to Vi,
where a value of i is successively 1, 2, 3, ...; and when
the auxiliary processor determines that the CPU cannot
work normally at the voltage of Vi, increasing, by the aux-
iliary processor, the current voltage of the CPU from Vi
to Vi+1; or when the auxiliary processor determines that
the CPU can work normally at the voltage of Vi, deter-
mining, by the auxiliary processor, that the minimum
working voltage of the CPU is Vi.
[0016] It should be understood that if the auxiliary proc-

essor determines the initial working voltage of the CPU,
and the initial working voltage cannot enable the CPU to
work normally, that is, the initial working voltage is lower
than the minimum working voltage of the CPU, the min-
imum working voltage may be obtained by increasing the
voltage.
[0017] It should be understood that the working voltage
of the CPU is decreased from the initial working voltage
V0 to V1, and then, is decreased from Vi-1 to Vi, where a
value of i is successively 1, 2, 3, .... Alternatively, the
working voltage of the CPU is increased from the initial
working voltage V0 to V1, and then, is increased from Vi-1
to Vi, where a value of i is successively 1, 2, 3, .... A
difference between any two consecutive working voltag-
es Vi-1 and Vi may be set according to an actual situation,
and differences may be the same or may be different.
[0018] It should be understood that the setting of a dif-
ference between tested voltages may affect accuracy of
testing a minimum working voltage. A voltage generating
a relatively small difference is selected for measurement,
so that a more accurate minimum working voltage can
be obtained.
[0019] With reference to the first aspect and the fore-
going implementations, in another implementation of the
first aspect, the determining a minimum working voltage
of the CPU includes: determining, by the auxiliary proc-
essor, a working voltage domain (V0, V1) of the CPU,
where the CPU cannot work normally at the voltage of
V0, and can work normally at the voltage of V1; determin-
ing, by the auxiliary processor, m voltage values within
the working voltage domain (V0, V1), and performing volt-
age measurement for the CPU for m times; determining,
by the auxiliary processor, n voltage values within the
working voltage domain (V0, V1) according to the m times
of voltage measurement, where the CPU can work nor-
mally at each of the n voltage values, and n is less than
or equal to m; and determining, by the auxiliary proces-
sor, a smallest voltage value in the n voltage values as
the minimum working voltage of the CPU.
[0020] It should be understood that the auxiliary proc-
essor determines, within the working voltage domain (V0,
V1), the m voltage values for voltage measurement. Op-
tionally, any voltage value V2 may be selected from (V0,
V1). For example, V2 is an average value of V0 and V1.
The auxiliary processor sets the voltage of the CPU to
V2, and determines whether the CPU can work normally
at the voltage of V2. If the CPU can work normally at the
voltage of V2, the auxiliary processor can determine that
the minimum working voltage of the CPU is located within
the range of (V0, V1). If the CPU cannot work normally
at the voltage of V2, the auxiliary processor can determine
that the minimum working voltage of the CPU is located
within a range of (V2, V1). The auxiliary processor con-
tinues to determine, within the new determined range, a
new voltage value for measurement. A range of the min-
imum working voltage of the CPU is constantly narrowed
until it is determined after m times of measurement that
the minimum working voltage of the CPU is located within
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a range of (Vi, Vj). Then, it is determined that the minimum
working voltage of the CPU is Vj.
[0021] It should be understood that, in the foregoing
method, there may be n voltage values during m times
of measurement, where n is less than or equal to m, so
that the CPU can work normally at each of the n voltage
values, and the finally determined minimum working volt-
age Vj of the CPU is a smallest value in the n voltage
values. Therefore, the foregoing method may be extend-
ed. For example, any m voltage values within the working
voltage domain (V0, V1) of the CPU are determined for
separate measurement. Then, in a measurement proc-
ess of the m voltage values, there may be n voltage val-
ues in the m voltage values, where each of the n voltage
values can enable the CPU to work normally, and n is
less than or equal to m. In this case, the auxiliary proc-
essor may determine that a smallest value in the n voltage
values is the minimum working voltage of the CPU.
[0022] In this way, a quantity of times of testing is lim-
ited when the minimum working voltage of the CPU is
determined, so that the range of the minimum working
voltage of the CPU can be constantly narrowed, and a
more accurate minimum working voltage can be deter-
mined.
[0023] With reference to the first aspect and the fore-
going implementations, in another implementation of the
first aspect, the method further includes: when the aux-
iliary processor has obtained, within a preset time, a test-
ing result eigenvalue Ti that is determined by the CPU at
the voltage of Vi, and Ti is the same as a preset value,
determining, by the auxiliary processor, that the CPU can
work normally at the voltage of Vi; when the auxiliary
processor has obtained Ti within the preset time, and Ti
is not the same as the preset value, determining, by the
auxiliary processor, that the CPU cannot work normally
at the voltage of Vi; and when the auxiliary processor has
not obtained Ti within the preset time, determining, by
the auxiliary processor, that the CPU cannot work nor-
mally at the voltage of Ti.
[0024] In this way, the preset time is set. For example,
a timer is set. It is determined according to the preset
time whether the CPU can work normally, thereby im-
proving the testing efficiency.
[0025] According to a second aspect, a terminal is pro-
vided, configured to perform the method in the first aspect
or any possible implementation of the first aspect. Spe-
cifically, the terminal includes a CPU and an auxiliary
processor. The auxiliary processor is configured to de-
termine a minimum working voltage of the CPU. The aux-
iliary processor is further configured to set a current volt-
age of the CPU to the minimum working voltage. The
CPU is configured to: complete, at the minimum working
voltage, a switch-on process of the terminal, and control
the terminal to work.

BRIEF DESCRIPTION OF DRAWINGS

[0026]

FIG. 1 is a schematic flowchart of a method for de-
termining a voltage of a processor of a terminal ac-
cording to an embodiment of this application;
FIG. 2 is a schematic diagram of a working mode
and a testing mode of a processor in a terminal ac-
cording to an embodiment of this application;
FIG. 3 is a schematic flowchart of a method for de-
termining a voltage of a processor of a terminal ac-
cording to an embodiment of this application; and
FIG. 4 is a schematic block diagram of a terminal
according to an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0027] The following clearly and completely describes
the technical solutions in the embodiments of this appli-
cation with reference to the accompanying drawings in
the embodiments of this application.
[0028] FIG. 1 is a schematic flowchart of a method 100
for determining a voltage of a processor of a terminal
according to an embodiment of this application. The
method 100 may be performed by a terminal. The termi-
nal may be powered by a battery. For example, the ter-
minal may be a smartphone, or a smart notebook com-
puter. The terminal includes two processors: an auxiliary
processor and a CPU. The method 100 specifically in-
cludes the following steps.
[0029] S110. In a switch-on process of the terminal,
after completing system initialization, the auxiliary proc-
essor determines a minimum working voltage of the CPU.
[0030] It should be understood that, in the prior art, the
terminal usually completes the switch-on process of the
terminal by using only one CPU. In the switch-on process
of the terminal, the CPU controls and performs the entire
switch-on process of the terminal, and after the terminal
is switched on, controls the terminal to work normally. In
this embodiment of this application, the switch-on proc-
ess of the terminal is completed by means of two proc-
essors. The two processors may be referred to as the
CPU and the auxiliary processor. The two processors
complete, in the switch-on process of the terminal, a proc-
ess of measuring a minimum working voltage of the CPU.
After the terminal is switched on, the CPU controls the
terminal to work and run normally. Optionally, the auxil-
iary processor may be another CPU. That is, the terminal
may include two CPUs.
[0031] Specifically, the switch-on process of the termi-
nal may be divided into two parts according to a time
order. One part is a system initialization process of the
terminal, and the other part is a switch-on and running
process of a system. The auxiliary processor is mainly
used for the first part of the switch-on process of the ter-
minal, that is, the system initialization process. After the
system initialization is completed, the auxiliary processor
measures a minimum voltage of the CPU. The system
initialization process is similar to that in the prior art, and
may include a power-on process of each part of the ter-
minal, and an initialization process of a memory. The
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memory may be a dynamic random access memory (Dy-
namic Random Access Memory, DRAM). After the aux-
iliary processor completes the system initialization, the
CPU may enter a voltage testing mode, and the minimum
working voltage of the CPU is measured.
[0032] Similar to a processor of an existing terminal,
the CPU may be a multi-core processor. When a mini-
mum working voltage of the target processor is meas-
ured, a minimum working voltage of each core in the mul-
tiple cores included in the CPU is measured, or the mul-
tiple cores are considered as an entirety, and the mini-
mum working voltage of the CPU is measured and is
used as a minimum working voltage of each core. There-
fore, in this embodiment of this application, when the min-
imum working voltage of the CPU is measured, the CPU
may be any core of the processor, or may refer to multiple
cores of the processor. This is not limited in this embod-
iment of this application.
[0033] In this embodiment of this application, after
completing the system initialization, the auxiliary proces-
sor measures the minimum working voltage of the CPU.
Specifically, as shown in FIG. 2, the terminal may be
divided into two parts. One part is a working system, and
the other part is a testing system. Each system includes
an apparatus or a module that can enable the CPU and
the auxiliary processor to work normally or exchange in-
formation. The auxiliary processor may be connected to
both the working system and the testing system, and the
terminal may enable the CPU to switch between the work-
ing system and the testing system. For example, the ter-
minal may include a multiplexer. When the CPU enters
a minimum working voltage testing mode, the multiplexer
connects the CPU to the testing system, and disconnects
the CPU from the working system. When measurement
of the minimum working voltage of the CPU is completed,
and the CPU enters a normal working mode, the multi-
plexer connects the CPU to the working system, and dis-
connects the CPU from the testing system. In this way,
during measurement of the minimum working voltage of
the CPU, if an error occurs on the CPU, running of other
functions of the terminal may not be affected, thereby
ensuring that normal working of the terminal and meas-
urement of the minimum working voltage do not affect
each other. For example, when the CPU is in a testing
mode, the CPU is connected only to the testing system.
That is, the CPU can exchange information related to the
testing process with the auxiliary processor only by using
the testing system. Therefore, when an error occurs in
the testing process of the CPU, running of the working
system is not affected, and normal working of a part that
is of the auxiliary processor and connected to the working
system is not affected either. In addition, the auxiliary
processor may be connected to the working system or
the testing system, or may read a storage unit in the work-
ing system or the testing system. For example, the aux-
iliary processor reads a storage unit in the testing system,
and may determine the minimum working voltage of the
CPU, or the auxiliary processor is connected to the work-

ing system, and may perform the system initialization
process during switch-on of the terminal.
[0034] Optionally, the working system may include a
storage unit. The storage unit may be a static random
access memory (Static Random Access Memory,
DRAM), or may be a flash memory (Flash EEPROM
Memory). The working system may further include a pe-
ripheral system (Peripheral System). The peripheral sys-
tem includes another component that enables the system
of the terminal to work normally, other than the storage
unit, for example, an I2C (Inter-Integrated Circuit) bus,
or a clock source (Clock source).
[0035] Optionally, the testing system includes a stor-
age unit. The storage unit may be a DRAM, or may be a
flash memory. The testing system may further include
other components, for example, a counter, configured to
record a quantity of times of testing during voltage testing
of the CPU, and a system interruption controller, config-
ured for information exchange between the CPU and an-
other processor such as the auxiliary processor.
[0036] Specifically, the auxiliary processor may deter-
mine the minimum working voltage of the CPU in multiple
manners. For example, as shown in FIG. 3, FIG. 3 shows
a method 200 for determining a minimum working voltage
of a target processor according to an embodiment of this
application. Herein, a description is provided first by using
an example in which a minimum working voltage is de-
termined by decreasing a voltage.
[0037] S210. The auxiliary processor completes sys-
tem initialization in the switch-on process of the terminal.
[0038] In this way, the CPU may enter a voltage testing
mode, and the auxiliary processor may start testing the
minimum working voltage of the CPU.
[0039] S220. The auxiliary processor sets a voltage for
the CPU when testing starts.
[0040] Specifically, for the first round of voltage testing
during current switch-on, the auxiliary processor first de-
termines an initial working voltage V0 of the CPU.
[0041] Specifically, it may be determined first whether
measurement of a minimum working voltage is per-
formed for the CPU for the first time. When it is deter-
mined that the measurement of a minimum working volt-
age is performed for the CPU for the first time, for exam-
ple, measurement of a minimum working voltage is per-
formed for the CPU in the terminal for the first time in the
first switch-on process of the terminal, the CPU may ob-
tain the initial working voltage by using a process monitor
(process monitor). The process monitor may be config-
ured to mark a running speed of the CPU, and by using
a correspondence between the running speed and a
working voltage, for example, by looking up a mapping
table between the running speed and a working voltage,
determine that a working voltage corresponding to the
running speed is the initial working voltage of the CPU.
[0042] When it is determined that measurement of a
minimum working voltage has been previously per-
formed for the CPU, a tested voltage value saved during
previous measurement of a minimum working voltage of
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the CPU may be obtained by reading the storage unit,
and the initial working voltage is set according to the test-
ed voltage value. The storage unit may be configured to
store a tested voltage value saved during measurement
of a minimum working voltage of the CPU. The tested
voltage value may include a minimum working voltage
obtained by means of measurement during each switch-
on of the CPU, or may include a voltage value that is set
each time a minimum working voltage is measured. Op-
tionally, the storage unit may be a DRAM, or may be a
register (Register). In this embodiment of this application,
after the CPU enters the testing mode, first, the initial
working voltage is set for the CPU. The initial working
voltage can enable the CPU to work normally. Optionally,
if the CPU cannot work normally at the initial working
voltage, the working voltage of the CPU may be in-
creased, so that the increased working voltage can en-
able the CPU to work normally. Further, the increased
working voltage is regarded as the initial working voltage,
so that the initial working voltage can enable the CPU to
work normally.
[0043] Optionally, for the other voltage testing after the
first round of voltage testing during the current switch-
on, the auxiliary processor may update the current volt-
age of the CPU according to each determined voltage
value, so that the CPU enters a new round of voltage
testing.
[0044] S230. The auxiliary processor starts a timer
when a target processor enters current voltage testing.
[0045] Specifically, when the auxiliary processor de-
termines a current working voltage for the target proces-
sor, and starts to perform the current voltage testing, the
auxiliary processor starts the timer for timing, so that the
auxiliary processor can determine whether running of the
CPU at the current voltage is completed, or whether an
error occurs on the CPU at the current voltage.
[0046] Optionally, in an embodiment, the timer may be
set in the terminal, and it is determined by using the timer
whether the CPU can work normally. Specifically, after
the CPU enters the voltage testing mode, for any meas-
urement process, for example, it is measured whether
the CPU can work normally at the working voltage of Vi,
when the working voltage of the CPU is set to Vi, the
auxiliary processor may start the timer. When the timer
does not expire, the auxiliary processor may continue to
perform S240, and when the timer expires, the auxiliary
processor performs S260.
[0047] Optionally, a time of the timer may be set ac-
cording to a time application. For example, the time that
is set for the timer needs to be greater than a time within
which the CPU runs a complete process in a normal case,
and determines a testing result eigenvalue, so that the
auxiliary processor can determine, by using the timer,
whether the CPU works normally.
[0048] S240. The CPU runs at a currently specified
working voltage Vi, and determines a testing result ei-
genvalue Ti, and the auxiliary processor obtains the test-
ing result eigenvalue Ti.

[0049] In this embodiment of this application, it may be
determined, by using the testing result eigenvalue,
whether the CPU can work normally at the current volt-
age. Specifically, the CPU may run any program, and the
CPU may determine a testing result eigenvalue obtained
after the running. For example, for any voltage testing,
the voltage of the CPU is Vi. Correspondingly, the CPU
determines the testing result eigenvalue Ti obtained after
the running, and saves the testing result eigenvalue Ti
into a storage unit of the testing system, so that the aux-
iliary processor obtains the testing result eigenvalue, and
continues to perform S250. Optionally, if the auxiliary
processor reads the storage unit, but does not obtain the
testing result eigenvalue Ti generated at the voltage of
Vi, the auxiliary processor may return to S230, and de-
termines whether the timer expires. When the timer ex-
pires, if the auxiliary processor has not obtained the test-
ing result eigenvalue Ti generated at the current voltage
of Vi, the auxiliary processor may perform S260.
[0050] S250. The auxiliary processor compares the
obtained testing result eigenvalue with a preset value.
[0051] Specifically, for any voltage testing, the auxiliary
processor obtains the testing result eigenvalue Ti ob-
tained when the current voltage of the CPU is Vi, and
compares the testing result eigenvalue Ti with the preset
value. When the obtained testing result eigenvalue Ti is
the same as the preset value, it indicates that the CPU
can work normally at the voltage, and the auxiliary proc-
essor decreases the voltage from Vi to Vi+1, that is, up-
dates the current voltage of the CPU to Vi+1, and contin-
ues to perform S220, that is, performs a new round of
voltage testing until it is determined that the CPU cannot
work normally. If the obtained testing result Ti is not the
same as the preset value, it indicates that the CPU cannot
work normally at the voltage, and S260 is performed, that
is, the minimum working voltage of the CPU is deter-
mined.
[0052] S260. The auxiliary processor determines the
minimum working voltage of the CPU.
[0053] After the timer expires, when the auxiliary proc-
essor has not obtained the testing result eigenvalue of
the CPU at the current voltage, or the auxiliary processor
obtains though comparison that the testing result eigen-
value of the CPU at the current voltage is not the same
as the preset value, the auxiliary processor can deter-
mine that the CPU cannot work normally at the current
voltage, and can determine a previous voltage value of
the CPU as the minimum working voltage value. Specif-
ically, if the current voltage of the CPU is set to Vi, but
the auxiliary processor has not obtained the testing result
eigenvalue Ti corresponding to Vi when the timer expires,
that is, the CPU has not determined the testing result
eigenvalue Ti within the time that is set for the timer, or
the auxiliary processor has obtained the testing result
eigenvalue Ti corresponding to the voltage Vi, but the
testing result eigenvalue Ti is not the same as the preset
value, the auxiliary processor can determine that the
CPU cannot work normally, and determines that the min-
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imum working voltage of the CPU is Vi-1.
[0054] Optionally, in an embodiment, using the first
voltage testing during current switch-on as an example,
first, the initial working voltage is set for the CPU, and
after it is determined that the CPU can work normally at
the initial working voltage, the working voltage of the CPU
is decreased from the initial working voltage value V0 to
V1, and it is determined whether the CPU can work nor-
mally at the working voltage of V1.
[0055] When the timer does not expire, the auxiliary
processor obtains a testing result eigenvalue T1 gener-
ated when the voltage of the CPU is V1. If the auxiliary
processor has obtained the testing result eigenvalue T1,
and learns by means of comparison that the testing result
eigenvalue T1 generated at the working voltage of V1 is
the same as the preset value, the auxiliary processor can
determine that the CPU can work normally at the working
voltage of V1, continues to decrease the working voltage
from V1 to V2, and continues to determine whether the
CPU can work normally at the working voltage. When
the auxiliary processor learns by means of comparison
that the testing result eigenvalue Ti generated at the
working voltage of Vi is not the same as the preset value,
the auxiliary processor can determine that the CPU can-
not work normally at the working voltage of Vi, and de-
termine that the minimum working voltage of the CPU is
Vi-1.
[0056] When the timer expires, if the auxiliary proces-
sor has not obtained the testing result eigenvalue T1 gen-
erated when the voltage of the CPU is V1, that is, the
CPU has not determined the testing result eigenvalue T1
within the preset time of the timer, the auxiliary processor
determines that the CPU cannot work normally at the
voltage of V1, and determine that the minimum working
voltage of the CPU is V0. Similarly, when the CPU can
work normally at the voltage of V1, the auxiliary processor
continues to decrease the voltage for testing. For any
testing thereafter, the voltage Vi is set for the CPU. When
the timer expires, if the auxiliary processor has not ob-
tained the testing result eigenvalue Ti generated at the
voltage of Vi, the auxiliary processor can determine that
the CPU cannot work normally, and determine that the
minimum working voltage of the CPU is Vi-1.
[0057] It should be understood that, in this embodi-
ment, under the premise that the initial working voltage
can enable the CPU to work normally, the tested voltage
is decreased to determine the minimum working voltage.
That is, the initial working voltage is greater than the min-
imum working voltage. Similarly, the premise may be set
to that the initial working voltage cannot enable the CPU
to work normally, the tested voltage is increased to de-
termine the minimum working voltage. That is, the initial
working voltage is less than the minimum working volt-
age.
[0058] Specifically, the initial working voltage V0 is set
to a relatively low value, so that the CPU cannot work
normally at the voltage, and the voltage value is in-
creased to V1. When it is determined according to the

foregoing method, that the CPU still cannot work normally
at the voltage of V1, the voltage value continues to be
increased to V2, until the voltage value is increased to
Vi, and the CPU can work normally. In this case, the min-
imum working voltage of the CPU is Vi.
[0059] It should be understood that the working voltage
of the CPU is decreased from the initial working voltage
V0 to V1, and then, is decreased from Vi-1 to Vi, where a
value of i is successively 1, 2, 3, .... Alternatively, the
working voltage of the CPU is increased from the initial
working voltage V0 to V1, and then, is increased from Vi-1
to Vi, where a value of i is successively 1, 2, 3, .... A
difference between any two consecutive working voltag-
es Vi-1 and Vi may be set according to an actual situation,
and differences may be the same or may be different.
Specifically, if it is considered to ensure accuracy of
measuring the minimum working voltage of the CPU, a
difference between Vi-1 and Vi may be set to a relatively
small value. However, this may increase a quantity of
times of testing, leading to relatively long duration of the
testing process. If duration of the testing process or a
testing speed is considered, a difference between Vi-1
and Vi may be set to a relatively large value. However,
this may affect testing precision, and an error is caused
to the minimum working voltage value obtained by means
of testing. Therefore, the testing precision and the testing
efficiency may be considered to select an appropriate
voltage difference.
[0060] Optionally, in an embodiment, voltage meas-
urement may be performed in both a voltage increasing
manner and a voltage decreasing manner. Specifically,
the auxiliary processor determines a working voltage do-
main (V0, V1) of the CPU. The CPU cannot work normally
at the voltage of V0, and can work normally at the voltage
of V1. That is, the working voltage domain (V0, V1) in-
cludes the minimum working voltage value of the CPU.
The auxiliary processor may determine the minimum
working voltage of the CPU by means of multiple meas-
urements. For example, the auxiliary processor may first
determine any voltage value V2 within the working volt-
age domain (V0, V1). For example, V2 is an average value
of V0 and V1. The auxiliary processor sets the voltage of
the CPU to V2, and determines, according to a determin-
ing process similar to that in FIG. 3, whether the CPU
can work normally at the voltage of V2. If the CPU can
work normally at the voltage of V2, the auxiliary processor
can determine that the minimum working voltage of the
CPU is located within (V0, V2). If the CPU cannot work
normally at the voltage of V2, the auxiliary processor can
determine that the minimum working voltage of the CPU
is located within (V2, V1). The auxiliary processor contin-
ues to determine, within the new determined range, a
new voltage value for measurement. A range of the min-
imum working voltage of the CPU is constantly narrowed
until it is determined after a preset quantity of times of
measurement, for example, m times of measurement,
that the minimum working voltage of the CPU is located
within a range of (Vi, Vj). Then, it is determined that the
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minimum working voltage of the CPU is Vj.
[0061] There may be n voltage values during m times
of measurement, where n is less than or equal to m, so
that the CPU can work normally at each of the n voltage
values, and the finally determined minimum working volt-
age Vj of the CPU is a smallest value in the n voltage
values. Therefore, the foregoing method may be further
extended as: The auxiliary processor determines, within
the working voltage domain (V0, V1) of the CPU, any m
voltage values for measurement. The CPU cannot work
normally at the voltage of V0, and can work normally at
the voltage of V1. That is, the working voltage domain
(V0, V1) includes the minimum working voltage value of
the CPU. Then, in a measurement process of the m volt-
age values, there may be n voltage values in the m volt-
age values, where each of the n voltage values can en-
able the CPU to work normally, and n is less than or equal
to m. In this case, the auxiliary processor may determine
that a smallest value in the n voltage values is the mini-
mum working voltage of the CPU.
[0062] It should be understood that a quantity m of
times of measurement that is performed by the auxiliary
processor for the CPU may be set according to an actual
situation. For example, if measurement accuracy is con-
sidered, a value of m may be set to a relatively large
value. However, in this way, a quantity of times of testing
is excessively large, affecting testing duration and affect-
ing a switch-on time of the terminal. If the switch-on time
is considered, a value of m may be set to a relatively
small value. However, this may affect testing precision.
Therefore, multiple factors may be considered to set the
quantity m of times of measurement.
[0063] In this embodiment of this application, the CPU
may work at multiple working frequencies. Therefore, the
measuring a minimum working voltage of the CPU in-
cludes: measuring a minimum working voltage of the
CPU in a corresponding working frequency. For example,
the working frequencies of the CPU include 1 GHz, 1.5
GHz, 2 GHz, and 2.5 GHz, and minimum working volt-
ages of the CPU in the working frequencies of 1 GHz,
1.5 GHz, 2 GHz, and 2.5 GHz are separately measured,
so that when the CPU works, a corresponding minimum
working voltage is set according to a working frequency.
For example, when the working frequency of the CPU is
1 GHz, the working voltage of the CPU is set to the min-
imum working voltage corresponding to the working fre-
quency of 1 GHz.
[0064] In this embodiment of this application, the CPU
may further include a temperature sensor (temperature
sensor). The temperature sensor measures a tempera-
ture of a working environment of the CPU. After deter-
mining the minimum working voltage of the CPU, the aux-
iliary processor may record the temperature of the work-
ing environment of the CPU at the same time, and obtain
a minimum working voltage in this temperature, so that
when the temperature of the working environment of the
CPU changes, the auxiliary processor makes tempera-
ture compensation for the working voltage. In this way,

it can be ensured that when the CPU works at the mini-
mum working voltage, even if the temperature changes,
temperature compensation can still be made to ensure
that the CPU works normally.
[0065] In this embodiment of this application, the CPU
may further include a voltage sensor (voltage sensor).
When the system runs, it may be determined by using
the voltage sensor whether a voltage sag occurs. When
a level of the voltage sag is relatively large, a frequency
of the CPU may be decreased, avoiding system abnor-
mality of the CPU caused by an excessively high level
of voltage sag.
[0066] S120. The auxiliary processor sets a current
voltage of the CPU to the minimum working voltage.
[0067] S130. The CPU completes, at the minimum
working voltage, the switch-on process of the terminal,
and controls the terminal to work.
[0068] In this embodiment of this application, after the
minimum working voltage of the CPU is determined, that
is, testing for the CPU is completed, the CPU may enter
the normal working mode by means of the working sys-
tem. The CPU is enabled to work at the minimum working
voltage, so that the CPU continues to complete a second
part of the switch-on process of the terminal, to complete
the switch-on and running process of the system, for ex-
ample, complete starting of an operating system of the
terminal. Therefore, the switch-on process of the terminal
is completed, the terminal enters the normal working
mode, and the CPU continues to control the terminal to
run normally. Optionally, after the CPU enters the normal
working mode, the auxiliary processor transfers a right
of controlling the terminal to the CPU. The CPU controls
the terminal to run. At the same time, the auxiliary proc-
essor may assist the terminal in performing another work,
so that the terminal runs normally. Alternatively, the aux-
iliary processor does not perform another work. This em-
bodiment of this application is not limited thereto.
[0069] It should be understood that, in the embodi-
ments of this application, sequence numbers of the proc-
esses do not represent an execution sequence. The ex-
ecution sequence of the processes should be determined
according to the functions and internal logic. The se-
quence numbers should not constitute any limitation on
the implementation processes of the embodiments of this
application.
[0070] Therefore, in the method for determining a volt-
age of a processor of a terminal in this embodiment of
this application, in the switch-on process of the terminal,
the auxiliary processor completes system initialization,
measures the minimum working voltage of the CPU, and
completes the final switch-on and running process of the
terminal by using the CPU working at the minimum work-
ing voltage, so that the terminal is switched on and works
normally. Compared with that a minimum working voltage
of a processor is measured by using a testing machine
during production of the processor, in the present inven-
tion, a testing time and testing costs can be reduced,
testing precision can be improved, and a minimum work-
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ing voltage of a processor can be more accurately tested.
In addition, an error of a calibration margin when testing
is performed on the machine and an error caused by
aging of the processor can be overcome.
[0071] The foregoing has described in detail, with ref-
erence to FIG. 1 to FIG. 3, the method for determining a
voltage of a processor of a terminal in the embodiments
of this application. The following describes, with refer-
ence to FIG. 4, the terminal in the embodiments of this
application.
[0072] As shown in FIG. 4, a terminal 300 according
to an embodiment of this application includes a CPU 310
and an auxiliary processor 320. Specifically:
[0073] The auxiliary processor 320 is configured to: in
a switch-on process of the terminal, after completing sys-
tem initialization, determine a minimum working voltage
of the CPU 310.
[0074] The auxiliary processor 320 is further config-
ured to set a current voltage of the CPU 320 to the min-
imum working voltage.
[0075] The CPU 310 is configured to: complete, at the
minimum working voltage, the switch-on process of the
terminal, and control the terminal to work.
[0076] Therefore, in the terminal in this embodiment of
this application, in the switch-on process of the terminal,
the auxiliary processor completes system initialization,
measures the minimum working voltage of the CPU, and
completes the final switch-on and running process of the
terminal by using the CPU working at the minimum work-
ing voltage, so that the terminal is switched on and works
normally. Compared with that a minimum working voltage
of a processor is measured by using a testing machine
during production of the processor, in the present inven-
tion, a testing time and testing costs can be reduced,
testing precision can be improved, and a minimum work-
ing voltage of a processor can be more accurately tested.
In addition, an error of a calibration margin when testing
is performed on the machine and an error caused by
aging of the processor can be overcome.
[0077] Optionally, the auxiliary processor 320 is spe-
cifically configured to: determine an initial working volt-
age V0 at which the CPU 310 can work normally; de-
crease the current voltage of the CPU 310 from Vi-1 to
Vi, where a value of i is successively 1, 2, 3, ...; and when
determining that the CPU 310 can work normally at the
voltage of Vi, decrease the current voltage of the CPU
310 from Vi to Vi+1 ; or when determining that the CPU
310 cannot work normally at the voltage of Vi, determine
that the minimum working voltage of the CPU 310 is Vi-1.
[0078] Optionally, the auxiliary processor 320 is spe-
cifically configured to: determine an initial working volt-
age V0 at which the CPU 310 cannot work normally; in-
crease the current voltage of the CPU 310 from Vi-1 to
Vi, where a value of i is successively 1, 2, 3, ...; and when
determining that the CPU 310 cannot work normally at
the voltage of Vi, increase the current voltage of the CPU
310 from Vi to Vi+1; or when determining that the CPU
310 can work normally at the voltage of Vi, determine

that the minimum working voltage of the CPU 310 is Vi.
[0079] Optionally, the auxiliary processor 320 is spe-
cifically configured to: determine a working voltage do-
main (V0, V1) of the CPU 310, where the CPU 310 cannot
work normally at the voltage of V0, and can work normally
at the voltage of V1; determine m voltage values within
the working voltage domain (V0, V1), and perform voltage
measurement for the CPU 310 for m times; determine n
voltage values within the working voltage domain (V0,
V1) according to the m times of voltage measurement,
where the CPU 310 can work normally at each of the n
voltage values, and n is less than or equal to m; and
determine a smallest voltage value in the n voltage values
as the minimum working voltage of the CPU 310.
[0080] Optionally, the auxiliary processor 320 is spe-
cifically configured to: when the auxiliary processor has
obtained, within a preset time, a testing result eigenvalue
Ti that is determined by the CPU 310 at the voltage of Vi,
and Ti is the same as a preset value, determine that the
CPU 310 can work normally at the voltage of Vi; when
the auxiliary processor has obtained Ti within the preset
time, and Ti is not the same as the preset value, determine
that the CPU 310 cannot work normally at the voltage of
Vi; and when the auxiliary processor has not obtained Ti
within the preset time, determine that the CPU 310 cannot
work normally at the voltage of Vi.
[0081] Optionally, the terminal may further include a
storage unit 330. The storage unit 330 is configured to
store the current working voltage Vi of the CPU 310 and
a corresponding testing result eigenvalue Ti, so that the
auxiliary processor 320 obtains the working voltage Vi
and the testing result eigenvalue Ti, and determines
whether the CPU 310 can work normally.
[0082] It should be understood that, in this embodiment
of this application, the auxiliary processor 320 may be a
CPU, or the auxiliary processor 320 may be another gen-
eral purpose processor, a digital signal processor (DSP),
an application-specific integrated circuit (ASIC), a field
programmable gate array (FPGA), or another program-
mable logic device, discrete gate or transistor logic de-
vice, discrete hardware component, or the like. The gen-
eral purpose processor may be a microprocessor or the
processor may be any conventional processor, or the
like.
[0083] The storage unit 330 may include a read-only
memory and a random access memory, and provide an
instruction and data for the CPU 310 and the auxiliary
processor 320. A part of the storage unit 330 may further
include a non-volatile random access memory. For ex-
ample, the storage unit 330 may further store information
about a device type.
[0084] In an implementation process, steps in the fore-
going methods can be implemented by using a hardware
integrated logical circuit in the CPU 310 or the auxiliary
processor 320, or by using instructions in a form of soft-
ware. The steps of the methods disclosed with reference
to the embodiments of this application may be directly
performed by a hardware processor, or may be per-
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formed by using a combination of hardware in the proc-
essor and a software module. The software module may
be located in a mature storage medium in the art, such
as a random access memory, a flash memory, a read-
only memory, a programmable read-only memory, an
electrically erasable programmable memory, a register,
or the like. The storage medium is located in the storage
unit 330, and the CPU 310 or the auxiliary processor 320
may read information in the storage unit 330 and com-
pletes the steps in the foregoing methods in combination
with hardware of the processor. To avoid repetition, de-
tails are not described herein again.
[0085] It should be understood that the terminal 300
according to this embodiment of this application may cor-
respondingly perform the method 100 and the method
200 in the embodiments of this application, and the fore-
going and other operations and/or functions of the com-
ponents in the terminal 300 are separately used for im-
plementing the corresponding process of the method in
FIG. 1 to FIG. 3. For brevity, details are not described
herein again.
[0086] Therefore, in the terminal in this embodiment of
this application, in the switch-on process of the terminal,
the auxiliary processor completes system initialization,
measures the minimum working voltage of the CPU, and
completes the final switch-on and running process of the
terminal by using the CPU working at the minimum work-
ing voltage, so that the terminal is switched on and works
normally. Compared with that a minimum working voltage
of a processor is measured by using a testing machine
during production of the processor, in the present inven-
tion, a testing time and testing costs can be reduced,
testing precision can be improved, and a minimum work-
ing voltage of a processor can be more accurately tested.
In addition, an error of a calibration margin when testing
is performed on the machine and an error caused by
aging of the processor can be overcome.
[0087] A person of ordinary skill in the art may be aware
that, in combination with the examples described in the
embodiments disclosed in this specification, method
steps and units may be implemented by electronic hard-
ware, computer software, or a combination thereof. To
clearly describe the interchangeability between the hard-
ware and the software, the foregoing has generally de-
scribed steps and compositions of each embodiment ac-
cording to functions. Whether the functions are per-
formed by hardware or software depends on particular
applications and design constraint conditions of the tech-
nical solutions. A person of ordinary skill in the art may
use different methods to implement the described func-
tions for each particular application, but it should not be
considered that the implementation goes beyond the
scope of this application.
[0088] Methods or steps described in the embodi-
ments disclosed in this specification may be implemented
by hardware, a software program executed by a proces-
sor, or a combination thereof. The software program may
reside in a random access memory (RAM), a memory, a

read-only memory (ROM), an electrically programmable
ROM, an electrically erasable programmable ROM, a
register, a hard disk, a removable disk, a CD-ROM, or
any other form of storage medium known in the art.
[0089] This application is described in detail with ref-
erence to the accompanying drawings and in combina-
tion with the example embodiments, but this application
is not limited thereto. The scope of protection of the
present invention is defined by the appended claims. All
the embodiments and examples in the above description
which are not covered by the claims have been provided
to fully understand the invention, however they are not
part of it.

Claims

1. A method for determining a voltage of a processor
of a terminal (300), wherein the terminal comprises
an auxiliary processor (320) and a central processing
unit, CPU (310), and the method comprises:

in a switch-on process of the terminal, after com-
pleting system initialization, determining, by the
auxiliary processor, a minimum working voltage
of the CPU;
setting, by the auxiliary processor, a current volt-
age of the CPU to the minimum working voltage;
and
completing, by the CPU at the minimum working
voltage, the switch-on process of the terminal,
and controlling the terminal to work.

2. The method according to claim 1, wherein the deter-
mining a minimum working voltage of the CPU (310)
comprises:

determining, by the auxiliary processor (320),
an initial working voltage V0 at which the CPU
can work normally;
decreasing, by the auxiliary processor, the cur-
rent voltage of the CPU from Vi-1 to Vi, wherein
a value of i is successively 1, 2, 3, ...; and
when the auxiliary processor determines that
the CPU can work normally at the voltage of vi,
decreasing, by the auxiliary processor, the cur-
rent voltage of the CPU from Vi to Vi+1; or
when the auxiliary processor determines that
the CPU cannot work normally at the voltage of
Vi, determining, by the auxiliary processor, that
the minimum working voltage of the CPU is Vi-1.

3. The method according to claim 1, wherein the deter-
mining a minimum working voltage of the CPU (310)
comprises:

determining, by the auxiliary processor (320),
an initial working voltage V0 at which the CPU
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cannot work normally;
increasing, by the auxiliary processor, the cur-
rent voltage of the CPU from Vi-1 to Vi, wherein
a value of i is successively 1, 2, 3, ...; and
when the auxiliary processor determines that
the CPU cannot work normally at the voltage of
Vi, increasing, by the auxiliary processor, the
current voltage of the CPU from Vi to Vi+1 ; or
when the auxiliary processor determines that
the CPU can work normally at the voltage of vi,
determining, by the auxiliary processor, that the
minimum working voltage of the CPU is Vi.

4. The method according to claim 1, wherein the deter-
mining a minimum working voltage of the CPU (310)
comprises:

determining, by the auxiliary processor (320), a
working voltage domain (V0, V1) of the CPU,
wherein the CPU cannot work normally at the
voltage of V0, and can work normally at the volt-
age of V1;
determining, by the auxiliary processor, m volt-
age values within the working voltage domain
(V0, V1), and performing voltage measurement
for the CPU for m times;
determining, by the auxiliary processor, n volt-
age values within the working voltage domain
(V0, V1) according to the m times of voltage
measurement, wherein the CPU can work nor-
mally at each of the n voltage values, and n is
less than or equal to m; and
determining, by the auxiliary processor, a small-
est voltage value in the n voltage values as the
minimum working voltage of the CPU.

5. The method according to claim 2 or 3, wherein the
method further comprises:

when the auxiliary processor (320) has ob-
tained, within a preset time, a testing result ei-
genvalue Ti that is determined by the CPU (310)
at the voltage of Vi, and Ti satisfies a preset val-
ue, determining, by the auxiliary processor, that
the CPU can work normally at the voltage of Vi;
when the auxiliary processor has obtained Ti
within the preset time, and Ti doesn’t satisfy the
preset value, determining, by the auxiliary proc-
essor, that the CPU cannot work normally at the
voltage of Vi; and
when the auxiliary processor has not obtained
Ti within the preset time, determining, by the
auxiliary processor, that the CPU cannot work
normally at the voltage of Vi.

6. A terminal (300), wherein the terminal comprises an
auxiliary processor (320) and a central processing
unit, CPU (310), wherein the auxiliary processor is

configured to: in a switch-on process of the terminal,
after completing system initialization, determine a
minimum working voltage of the CPU;
the auxiliary processor is further configured to set a
current voltage of the CPU to the minimum working
voltage; and
the CPU is configured to: complete, at the minimum
working voltage, the switch-on process of the termi-
nal, and control the terminal to work.

7. The terminal (300) according to claim 6, wherein the
auxiliary processor (320) is specifically configured
to:

determine an initial working voltage V0 at which
the CPU (310) can work normally;
decrease the current voltage of the CPU from
Vi-1 to Vi, wherein a value of i is successively 1,
2, 3, ...; and
when determining that the CPU can work nor-
mally at the voltage of Vi, decrease the current
voltage of the CPU from Vi to Vi+1 ; or
when determining that the CPU cannot work nor-
mally at the voltage of Vi, determine that the min-
imum working voltage of the CPU is Vi-1.

8. The terminal (300) according to claim 6, wherein the
auxiliary processor (320) is specifically configured
to:

determine an initial working voltage V0 at which
the CPU (310) cannot work normally;
increase the current voltage of the CPU from
Vi-1 to Vi, wherein a value of i is successively 1,
2, 3, ...; and
when determining that the CPU can work nor-
mally at the voltage of Vi, increase the current
voltage of the CPU from Vi to Vi+1 ; or
when determining that the CPU can work nor-
mally at the voltage of Vi, determine that the min-
imum working voltage of the CPU is Vi.

9. The terminal (300) according to claim 6, wherein the
auxiliary processor (320) is specifically configured
to:

determine a working voltage domain (V0, V1) of
the CPU (310), wherein the CPU cannot work
normally at the voltage of V0, and can work nor-
mally at the voltage of V1;
determine m voltage values within the working
voltage domain (V0, V1), and perform voltage
measurement for the CPU for m times;
determine n voltage values within the working
voltage domain (V0, V1) according to the m times
of voltage measurement, wherein the CPU can
work normally at each of the n voltage values,
and n is less than or equal to m; and
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determine a smallest voltage value in the n volt-
age values as the minimum working voltage of
the CPU.

10. The terminal (300) according to claim 7 or 8, wherein
the auxiliary processor (320) is specifically config-
ured to:

when the auxiliary processor has obtained, with-
in a preset time, a testing result eigenvalue Ti
that is determined by the CPU (310) at the volt-
age of Vi, and Ti satisfis a preset value, deter-
mine that the CPU can work normally at the volt-
age of Vi;
when the auxiliary processor has obtained Ti
within the preset time, and Ti doesn’t satisfy the
preset value, determine that the CPU cannot
work normally at the voltage of Vi; and
when the auxiliary processor has not obtained
Ti within the preset time, determine that the CPU
cannot work normally at the voltage of Vi.

Patentansprüche

1. Verfahren zum Bestimmen einer Spannung eines
Prozessors eines Endgeräts (300), wobei das End-
gerät einen Hilfsprozessor (320) und eine zentrale
Verarbeitungseinheit (central processing unit - CPU)
(310) umfasst und das Verfahren Folgendes um-
fasst:

in einem Einschaltprozess des Endgeräts, nach
Abschließen der Systeminitialisierung, Bestim-
men, durch den Hilfsprozessor, einer Mindest-
betriebsspannung der CPU;
Einstellen, durch den Hilfsprozessor, einer
Stromspannung der CPU auf die Mindestbe-
triebsspannung; und
Vervollständigen, durch die CPU bei der Min-
destbetriebsspannung, des Einschaltprozesses
des Endgeräts und Steuern des Endgeräts da-
zu, zu arbeiten.

2. Verfahren nach Anspruch 1, wobei das Bestimmen
einer Mindestbetriebsspannung der CPU (310) Fol-
gendes umfasst:

Bestimmen, durch den Hilfsprozessor (320), ei-
ner anfänglichen Betriebsspannung V0, bei der
die CPU normal arbeiten kann;
Verringern, durch den Hilfsprozessor, der
Stromspannung der CPU von Vi-1 auf Vi, wobei
der Wert von i aufeinanderfolgend 1, 2, 3, ... ist;
und
wenn der Hilfsprozessor bestimmt, dass die
CPU bei der Spannung von Vi normal arbeiten
kann, Verringern, durch den Hilfsprozessor, der

Stromspannung der CPU von Vi auf Vi+1; oder
wenn der Hilfsprozessor bestimmt, dass die
CPU bei der Spannung von Vi nicht normal ar-
beiten kann, Bestimmen, durch den Hilfsprozes-
sor, dass die Mindestbetriebsspannung der
CPU Vi-1 ist.

3. Verfahren nach Anspruch 1, wobei das Bestimmen
einer Mindestbetriebsspannung der CPU (310) Fol-
gendes umfasst:

Bestimmen, durch den Hilfsprozessor (310), ei-
ner anfänglichen Betriebsspannung V0, bei der
die CPU nicht normal arbeiten kann;
Erhöhen, durch den Hilfsprozessor, der Strom-
spannung der CPU von Vi-1 auf Vi, wobei ein
Wert von i aufeinanderfolgend 1, 2, 3, ... ist; und
wenn der Hilfsprozessor bestimmt, dass die
CPU bei der Spannung von Vi nicht normal ar-
beiten kann, Erhöhen, durch den Hilfsprozes-
sor, der Stromspannung der CPU von Vi auf
Vi+1; oder
wenn der Hilfsprozessor bestimmt, dass die
CPU bei der Spannung von Vi normal arbeiten
kann, Bestimmen, durch den Hilfsprozessor,
dass die Mindestbetriebsspannung der CPU Vi
ist.

4. Verfahren nach Anspruch 1, wobei das Bestimmen
einer Mindestbetriebsspannung der CPU (310) Fol-
gendes umfasst:

Bestimmen, durch den Hilfsprozessor (320), ei-
ner Betriebsspannungsdomäne (V0, V1) der
CPU, wobei die CPU bei der Spannung von V0
nicht normal arbeiten kann und bei der Span-
nung von V1 normal arbeiten kann;
Bestimmen, durch den Hilfsprozessor, von m
Spannungswerten innerhalb der Betriebsspan-
nungsdomäne (V0, V1) und Durchführen von
Spannungsmessungen für die CPU während m
Malen;
Bestimmen, durch den Hilfsprozessor, von n
Spannungswerten innerhalb der Betriebsspan-
nungsdomäne (V0, V1) gemäß den m Malen der
Spannungsmessung, wobei die CPU bei jedem
der n Spannungswerte normal arbeiten kann
und n geringer als oder gleich m ist; und
Bestimmen, durch den Hilfsprozessor, eines
kleinsten Spannungswerts in den n Spannungs-
werten als die Mindestbetriebsspannung der
CPU.

5. Verfahren nach Anspruch 2 oder 3, wobei das Ver-
fahren ferner Folgendes umfasst:

wenn der Hilfsprozessor (320) innerhalb einer
voreingestellten Zeit einen Testergebniseigen-
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wert Ti erlangt hat, der durch die CPU (310) bei
der Spannung von Vi bestimmt ist, und Ti einen
voreingestellten Wert erfüllt, Bestimmen, durch
den Hilfsprozessor, dass die CPU bei der Span-
nung von Vi normal arbeiten kann;
wenn der Hilfsprozessor Ti innerhalb der vorein-
gestellten Zeit erlangt hat und Ti den voreinge-
stellten Wert nicht erfüllt, Bestimmen, durch den
Hilfsprozessor, dass die CPU bei der Spannung
von Vi nicht normal arbeiten kann; und
wenn der Hilfsprozessor Ti nicht innerhalb der
voreingestellten Zeit erlangt hat, Bestimmen,
durch den Hilfsprozessor, dass die CPU bei der
Spannung von Vi nicht normal arbeiten kann.

6. Endgerät (300), wobei das Endgerät einen Hilfspro-
zessor (320) und eine zentrale Verarbeitungseinheit,
CPU, (310) umfasst, wobei der Hilfsprozessor zu
Folgendem konfiguriert ist: in einem Einschaltpro-
zess des Endgeräts, nach dem Beenden der Syste-
minitialisierung, Bestimmen einer Mindestbetriebs-
spannung der CPU;
wobei der Hilfsprozessor ferner dazu konfiguriert ist,
eine Stromspannung der CPU auf die Mindestbe-
triebsspannung einzustellen; und
wobei die CPU zu Folgendem konfiguriert ist: Been-
den, an der Mindestbetriebsspannung, des Ein-
schaltprozesses des Endgeräts und Steuern des
Endgeräts dazu, zu arbeiten.

7. Endgerät (300) nach Anspruch 6, wobei der Hilfs-
prozessor (320) insbesondere zu Folgendem konfi-
guriert ist:

Bestimmen einer anfänglichen Arbeitsspan-
nung V0, bei welcher die CPU (310) normal ar-
beiten kann;
Verringern der Stromspannung der CPU von
Vi-1 auf Vi, wobei der Wert von i aufeinanderfol-
gend 1, 2, 3, ... ist; und
wenn bestimmt ist, dass die CPU bei der Span-
nung von Vi normal arbeiten kann, Verringern
der Stromspannung der CPU von Vi auf Vi+1;
oder
wenn bestimmt ist, dass die CPU bei der Span-
nung von Vi nicht normal arbeiten kann, Bestim-
men, dass die Mindestbetriebsspannung der
CPU Vi-1 ist.

8. Endgerät (300) nach Anspruch 6, wobei der Hilfs-
prozessor (320) konkret zu Folgendem konfiguriert
ist:

Bestimmen einer anfänglichen Arbeitsspan-
nung V0, bei der die CPU (310) nicht normal
arbeiten kann;
Erhöhen der Stromspannung der CPU von Vi-1
auf Vi, wobei ein Wert von i aufeinanderfolgend

1, 2, 3, ... ist; und
wenn bestimmt ist, dass die CPU bei der Span-
nung von Vi normal arbeiten kann, Erhöhen der
Stromspannung der CPU von Vi auf Vi+1; oder
wenn bestimmt ist, dass die CPU bei der Span-
nung von Vi normal arbeiten kann, Bestimmen,
dass die Mindestbetriebsspannung der CPU Vi
ist.

9. Endgerät (300) nach Anspruch 6, wobei der Hilfs-
prozessor (320) konkret zu Folgendem konfiguriert
ist:

Bestimmen einer Betriebsspannungsdomäne
(V0, Vi) der CPU (310),
wobei die CPU bei der Spannung von V0 nicht
normal arbeiten kann und bei der Spannung von
V1 normal arbeiten kann;
Bestimmen von m Spannungswerten innerhalb
der Betriebsspannungsdomäne (V0, V1) und
Durchführen von Spannungsmessungen für die
CPU während m Malen;
Bestimmen von n Spannungswerten innerhalb
der Betriebsspannungsdomäne (V0, V1) gemäß
den m Malen von Spannungsmessungen, wobei
die CPU bei jedem der n Spannungswerte nor-
mal arbeiten kann und n geringer als oder gleich
m ist; und
Bestimmen eines kleinsten Spannungswerts in
den n Spannungswerten als die Mindestbe-
triebsspannung der CPU.

10. Endgerät (300) nach Anspruch 7 oder 8, wobei der
Hilfsprozessor (320) konkret zu Folgendem konfigu-
riert ist:

wenn der Hilfsprozessor innerhalb einer vorein-
gestellten Zeit einen Testergebniseigenwert Ti
erlangt hat, der durch die CPU (310) bei der
Spannung von Vi bestimmt ist, und Ti einen vor-
eingestellten Wert erfüllt, Bestimmen, dass die
CPU bei der Spannung von Vi normal arbeiten
kann;
wenn der Hilfsprozessor Ti innerhalb der vorein-
gestellten Zeit erlangt hat und Ti den voreinge-
stellten Wert nicht erfüllt, Bestimmen, dass die
CPU bei der Spannung von Vi nicht normal ar-
beiten kann; und
wenn der Hilfsprozessor Ti nicht innerhalb der
voreingestellten Zeit erlangt hat, Bestimmen,
dass die CPU bei der Spannung von Vi nicht
normal arbeiten kann.

Revendications

1. Procédé permettant de déterminer une tension d’un
processeur d’un terminal (300), dans lequel le ter-
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minal comprend un processeur auxiliaire (320) et
une unité centrale de traitement, CPU (310), et le
procédé comprend :

dans un processus de mise en marche du ter-
minal, après achèvement d’une initialisation du
système, la détermination, par le processeur
auxiliaire, d’une tension de fonctionnement mi-
nimale de la CPU ;
le réglage, par le processeur auxiliaire, d’une
tension actuelle de la CPU à la tension de fonc-
tionnement minimale ; et
l’achèvement, par la CPU à la tension de fonc-
tionnement minimale, du processus de mise en
marche du terminal, et la commande du terminal
pour qu’il fonctionne.

2. Procédé selon la revendication 1, dans lequel la dé-
termination d’une tension de fonctionnement mini-
male de la CPU (310) comprend :

la détermination, par le processeur auxiliaire
(320), d’une tension de fonctionnement initiale
V0 à laquelle la CPU peut fonctionner
normalement ;
la diminution, par le processeur auxiliaire, de la
tension actuelle de la CPU de Vi-1 à Vi, dans
lequel une valeur de i est successivement 1, 2,
3, ... ; et
lorsque le processeur auxiliaire détermine que
la CPU peut fonctionner normalement à la ten-
sion de vi, la diminution, par le processeur auxi-
liaire, de la tension actuelle de la CPU de Vi à
Vi+1 ; ou
lorsque le processeur auxiliaire détermine que
la CPU ne peut pas fonctionner normalement à
la tension de Vi, la détermination, par le proces-
seur auxiliaire, que la tension de fonctionnement
minimale de la CPU est Vi-1.

3. Procédé selon la revendication 1, dans lequel la dé-
termination d’une tension de fonctionnement mini-
male de la CPU (310) comprend :

la détermination, par le processeur auxiliaire
(310), d’une tension de fonctionnement initiale
V0 à laquelle la CPU ne peut pas fonctionner
normalement ;
l’augmentation, par le processeur auxiliaire, de
la tension actuelle de la CPU de Vi-1 à Vi, dans
lequel une valeur de i est successivement 1, 2,
3, ... ; et
lorsque le processeur auxiliaire détermine que
la CPU ne peut pas fonctionner normalement à
la tension de Vi, l’augmentation, par le proces-
seur auxiliaire, de la tension actuelle de la CPU
de Vi à Vi+1 ; ou
lorsque le processeur auxiliaire détermine que

la CPU peut fonctionner normalement à la ten-
sion de vi, la détermination, par le processeur
auxiliaire, que la tension de fonctionnement mi-
nimale de la CPU est Vi.

4. Procédé selon la revendication 1, dans lequel la dé-
termination d’une tension de fonctionnement mini-
male de la CPU (310) comprend :

la détermination, par le processeur auxiliaire
(320), d’un domaine de tensions de fonctionne-
ment (V0, V1) de la CPU, dans lequel la CPU ne
peut pas fonctionner normalement à la tension
de V0, et peut fonctionner normalement à la ten-
sion de V1;
la détermination, par le processeur auxiliaire, de
m valeurs de tension dans le domaine de ten-
sions de fonctionnement (V0, V1), et la réalisa-
tion d’une mesure de tension pour la CPU pen-
dant m fois ;
la détermination, par le processeur auxiliaire, de
n valeurs de tension dans le domaine de ten-
sions de fonctionnement (V0, V1) selon les m
temps de mesure de tension, dans lequel la CPU
peut fonctionner normalement à chacune des n
valeurs de tension, et n est inférieur ou égal à
m ; et
la détermination, par le processeur auxiliaire,
d’une valeur de tension la plus petite dans les n
valeurs de tension en tant que tension de fonc-
tionnement minimale de la CPU.

5. Procédé selon la revendication 2 ou 3, dans lequel
le procédé comprend en outre :

lorsque le processeur auxiliaire (320) a obtenu,
dans un temps prédéfini, une valeur propre de
résultat d’essai Ti qui est déterminée par la CPU
(310) à la tension de Vi, et Ti satisfait une valeur
prédéfinie, la détermination, par le processeur
auxiliaire, que la CPU peut fonctionner norma-
lement à la tension de Vi ;
lorsque le processeur auxiliaire a obtenu Ti dans
le temps prédéfini, et Ti ne satisfait pas la valeur
prédéfinie, la détermination, par le processeur
auxiliaire, que la CPU ne peut pas fonctionner
normalement à la tension de Vi ; et
lorsque le processeur auxiliaire n’a pas obtenu
Ti dans le temps prédéfini, la détermination, par
le processeur auxiliaire, que la CPU ne peut pas
fonctionner normalement à la tension de Vi.

6. Terminal (300), le terminal comprenant un proces-
seur auxiliaire (320) et une unité centrale de traite-
ment, CPU (310), dans lequel le processeur auxiliai-
re est conçu pour : dans un processus de mise en
marche du terminal, après achèvement d’une initia-
lisation du système, déterminer une tension de fonc-
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tionnement minimale de la CPU ;
le processeur auxiliaire est en outre conçu pour ré-
gler une tension actuelle de la CPU à la tension de
fonctionnement minimale ; et
la CPU est conçue pour : achever, à la tension de
fonctionnement minimale, le processus de mise en
marche du terminal, et commander le terminal pour
qu’il fonctionne.

7. Terminal (300) selon la revendication 6, dans lequel
le processeur auxiliaire (320) est conçu spécifique-
ment pour :

déterminer une tension de fonctionnement ini-
tiale V0 à laquelle la CPU (310) peut fonctionner
normalement ;
diminuer la tension actuelle de la CPU de Vi-1 à
Vi, dans lequel une valeur de i est successive-
ment 1, 2, 3, ... ; et
lors de la détermination que la CPU peut fonc-
tionner normalement à la tension de Vi, diminuer
la tension actuelle de la CPU de Vi à Vi+1 ; ou
lors de la détermination que la CPU ne peut pas
fonctionner normalement à la tension de Vi, dé-
terminer que la tension de fonctionnement mi-
nimale de la CPU est Vi-1.

8. Terminal (300) selon la revendication 6, dans lequel
le processeur auxiliaire (320) est conçu spécifique-
ment pour :

déterminer une tension de fonctionnement ini-
tiale V0 à laquelle la CPU (310) ne peut pas fonc-
tionner normalement ;
augmenter la tension actuelle de la CPU de Vi-1
à Vi, dans lequel une valeur de i est successi-
vement 1, 2, 3, ... ; et
lors de la détermination que la CPU peut fonc-
tionner normalement à la tension de Vi, augmen-
ter la tension actuelle de la CPU de Vi à Vi+1 ; ou
lors de la détermination que la CPU peut fonc-
tionner normalement à la tension de Vi, déter-
miner que la tension de fonctionnement minima-
le de la CPU est Vi.

9. Terminal (300) selon la revendication 6, dans lequel
le processeur auxiliaire (320) est conçu spécifique-
ment pour :

déterminer un domaine de tensions de fonction-
nement (V0, V1) de la CPU (310), dans lequel
la CPU ne peut pas fonctionner normalement à
la tension de V0, et peut fonctionner normale-
ment à la tension de V1;
déterminer m valeurs de tension dans le domai-
ne de tensions de fonctionnement (V0, V1), et
réaliser une mesure de tension pour la CPU pen-
dant m fois ;

déterminer n valeurs de tension dans le domaine
de tensions de fonctionnement (V0, V1) selon
les m temps de mesure de tension,
dans lequel la CPU peut fonctionner normale-
ment à chacune des n valeurs de tension, et n
est inférieur ou égal à m ; et
déterminer une valeur de tension la plus petite
dans les n valeurs de tension en tant que tension
de fonctionnement minimale de la CPU.

10. Terminal (300) selon la revendication 7 ou 8, dans
lequel le processeur auxiliaire (320) est conçu spé-
cifiquement pour :

lorsque le processeur auxiliaire a obtenu, dans
un temps prédéfini, une valeur propre de résultat
d’essai Ti qui est déterminée par la CPU (310)
à la tension de Vi, et Ti satisfait une valeur pré-
définie, déterminer que la CPU peut fonctionner
normalement à la tension de Vi ;
lorsque le processeur auxiliaire a obtenu Ti dans
le temps prédéfini, et Ti ne satisfait pas la valeur
prédéfinie,
déterminer que la CPU ne peut pas fonctionner
normalement à la tension de Vi ; et
lorsque le processeur auxiliaire n’a pas obtenu
Ti dans le temps prédéfini, déterminer que la
CPU ne peut pas fonctionner normalement à la
tension de Vi.
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