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SYSTEM AND METHOD FOR PREDICTING
THE TEMPERATURE OF A DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
§119 to Korean Patent Application No. 10-2012-0031819,
filed on Mar. 28,2012, the disclosure of which is incorporated
by reference herein in its entirety.

TECHNICAL FIELD

[0002] Exemplary embodiments of the inventive concept
relate to a system and method of predicting a temperature of
a device.

DISCUSSION OF THE RELATED ART

[0003] As the size of semiconductor devices becomes
smaller, and as processing demands increase, semiconductor
devices typically use a higher amount of power. As the
amount of power supplied to a semiconductor device
increases, the temperature of the semiconductor device also
increases. This increase in temperature may cause a deterio-
ration of performance of the semiconductor device.

SUMMARY

[0004] Exemplary embodiments of the present inventive
concept provide a method of predicting a temperature of a
device, which may improve an operational efficiency of the
device.

[0005] According to an exemplary embodiment, a method
of predicting a temperature includes providing a temperature
prediction circuit corresponding to a device including a semi-
conductor chip, establishing a current-voltage correlation of
the temperature prediction circuit, and predicting a tempera-
ture with respect to power applied to the device using the
current-voltage correlation of the temperature prediction cir-
cuit.

[0006] The temperature prediction circuit may include at
least one resistor and/or capacitor, and a plurality of nodes.

[0007] The resistance of the resistor and/or the capacitance
of the capacitor of the temperature prediction circuit may be
set such that the power applied to the device and current
applied to the temperature prediction circuit have a linear
relation with each other, and a temperature of the device and
a voltage measured from the temperature prediction circuit
have a linear relation with each other.

[0008] The temperature prediction circuit may be provided
inside or outside the device, and may be mounted on a sub-
strate with the device.

[0009] The temperature prediction circuit may be a Foster
type RC network circuit or a Cauer type RC network circuit.

[0010] Predicting a temperature with respect to power
applied to the device may include collecting data regarding
the power applied to the device according to an operation of
the device, measuring an amount of a voltage by applying
data regarding current corresponding to collected power data
to the temperature prediction circuit, and predicting a tem-
perature of the device by converting the amount of a voltage
measured from the temperature prediction circuit to a tem-
perature corresponding to the device.
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[0011] The method may further include adjusting the
power applied to the device based on a predicted temperature,
after the predicting of a temperature with respect to power
applied to the device.

[0012] The power may be adjusted such that the predicted
temperature does not exceed a critical temperature and an
amount of the power applied to the device is at a maximum.
[0013] The device may include a substrate, a semiconduc-
tor chip mounted on the substrate, a connection member
electrically connecting the substrate and the semiconductor
chip, and a molding member formed to partially cover the
semiconductor chip and the substrate.

[0014] According to an exemplary embodiment, a method
of predicting a temperature includes measuring a unit step
response to time-temperature by applying power to a device
including a semiconductor chip, calculating an impulse
response of time-temperature to the device, collecting data
regarding time-power applied according to an operation of
the device, and predicting a temperature according to the
operation of the device by convolution integrating collected
time-power data and the impulse response of the time-tem-
perature. The data regarding time-power applied according to
an operation of the device may be collected once.

[0015] A temperature according to the operation of the
device may be predicted by measuring an initial temperature
of the device before power is applied, and summing a mea-
sured initial temperature of the device and a temperature by
the convention integration.

[0016] The semiconductor chip may be a non-memory
chip.
[0017] The operation of the device may include booting or

execution of an application.

[0018] Afterthe predicting of a temperature with respect to
power applied to the device, the method may further include
adjusting the power applied to the device such that an amount
of'the power applied to the device is at a maximum based on
the predicted temperature and an operational temperature of
the device does not exceed a critical temperature, and apply-
ing the adjusted power to the device.

[0019] The power may be adjusted such that an amount of
the power applied before the maximum power is applied to
the device is reduced, and the maximum power is applied for
a time period during which a temperature of the device does
not exceed the critical temperature.

[0020] According to an exemplary embodiment, a method
of predicting a temperature includes operatively coupling a
temperature prediction circuit to a device comprising a semi-
conductor chip, determining a correlation between a current
and a voltage of the temperature prediction circuit, and pre-
dicting a temperature with respect to power applied to the
device using the determined correlation.

[0021] According to an exemplary embodiment, a method
of predicting a temperature includes measuring a unit step
response to temperature relative to time by applying power to
a device comprising a semiconductor chip, calculating an
impulse response of temperature relative to time for the
device, collecting power data applied according to an opera-
tion of the device, and predicting a temperature according to
the operation of the device by convolution integrating the
collected power data and the impulse response.

[0022] According to an exemplary embodiment, a method
of predicting a temperature includes operatively coupling a
temperature prediction circuit to a device comprising a semi-
conductor chip, applying a current to the temperature predic-
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tion circuit, measuring a voltage at a node of the temperature
prediction circuit, wherein the node corresponds to the semi-
conductor chip of the device, and predicting a temperature of
the device based on the current applied to the temperature
prediction circuit and the voltage measured at the node of the
temperature prediction circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The above and other features of the present inven-
tive concept will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
accompanying drawings, in which:

[0024] FIG.1is a flowchart describing a method of predict-
ing a temperature of a device including a semiconductor chip,
according to an exemplary embodiment of the present inven-
tive concept.

[0025] FIG. 2 is a graph showing a temperature of the
device predicted according to the application of power,
according to an exemplary embodiment of the present inven-
tive concept.

[0026] FIG. 3 is a graph showing a temperature predicted
by adjusting the amount of power applied to the device,
according to an exemplary embodiment of the present inven-
tive concept.

[0027] FIG. 4 is a plan view illustrating a substrate includ-
ing a temperature prediction circuit mounted thereto, accord-
ing to an exemplary embodiment of the present inventive
concept.

[0028] FIG. 5 is a cross-sectional view illustrating a semi-
conductor package taken along line I-1 of FIG. 4, according to
an exemplary embodiment of the present inventive concept.

[0029] FIGS. 6 and 7 are circuit diagrams illustrating a
temperature prediction circuit (e.g., a mimic circuit), accord-
ing to exemplary embodiments of the present inventive con-
cept.

[0030] FIG. 8 is a flowchart describing a method of deter-
mining power to be applied to a device including a semicon-
ductor chip, according to an exemplary embodiment of the
present inventive concept.

[0031] FIG. 9 is a graph showing a temperature difference
of a CPU predicted by convolution integrating time-power
data collected while the CPU performs a particular operation
and an impulse response calculated at block S12 of FIG. 8,
according to an exemplary embodiment of the present inven-
tive concept.

[0032] FIG. 10 illustrates a system including a temperature
prediction circuit, according to an exemplary embodiment of
the present inventive concept.

[0033] FIG. 11 is a perspective view of an electronic appa-
ratus employing a device manufactured according to an
exemplary embodiment of the present inventive concept.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0034] Exemplary embodiments of the present inventive
concept will be described more fully hereinafter with refer-
ence to the accompanying drawings. Like reference numerals
may refer to like elements throughout the accompanying
drawings.

[0035] FIG.11is aflowchart describing a method of predict-
ing a temperature of a device including a semiconductor chip,
according to an exemplary embodiment of the present inven-
tive concept. Referring to FIG. 1, a mimic circuit (e.g., a
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temperature prediction circuit) corresponding to a device
including at least one semiconductor chip is provided at block
S1. The temperature prediction circuit is operatively coupled
to the device. At block S2, a correlation between the current
and voltage of the temperature prediction circuit is estab-
lished. At block S3, a temperature with respect to an applied
power of the device is predicted using the correlation between
the current and voltage of the temperature prediction circuit
determined at block S2.

[0036] The at least one semiconductor chip of the device
may include an integrated circuit therein. For example, the
integrated circuit may be a memory circuit or a logic circuit.
For example, when the device includes more than one semi-
conductor chip, some of the semiconductor chips may be
memory chips and other semiconductor chips may be non-
memory chips. Alternatively, all semiconductor chips in the
device may be memory chips, or all semiconductor chips in
the device may be non-memory chips.

[0037] The device may be, for example, a smartphone.
However, exemplary embodiments of the present inventive
concept are not limited thereto. For example, the device may
be any type of electronic device including at least one semi-
conductor chip for which temperature may be predicted. That
is, the mimic circuit according to exemplary embodiments
may be disposed and utilized in a variety of electronic
devices.

[0038] When the device is a smartphone, the smartphone
may include a non-memory chip, which may be, for example,
a central processing unit (CPU). When the smartphone is
operated to execute a particular application, the CPU may
control an input/output operation according to a series of
word sequences.

[0039] In the above series of processes, a predetermined
amount of power is applied to the CPU, and a temperature of
the CPU changes according to the amount of applied power.
When the temperature of the CPU reaches an allowable maxi-
mum temperature (e.g., a critical temperature), as power is
applied to the CPU, the amount of applied power may be
rapidly reduced to prevent damage to the CPU. This rapid
reduction of the applied power may result in the deterioration
of CPU performance, and delayed operation of the smart-
phone.

[0040] Thus, if the temperature of the CPU, which changes
in response to the power applied in the work sequence during
the operation of an application, may be rapidly predicted in
advance, deterioration of the performance of the CPU due to
the rapid reduction of power may be reduced or prevented,
and the operation efficiency of the CPU may be improved.
[0041] A temperature of the device may be predicted by
applying current to the temperature prediction circuit, rather
than directly to the device. The amount of a voltage at a
particular node may then be measured.

[0042] According to an exemplary embodiment, the tem-
perature prediction circuit may include at least one resistor
and/or capacitor, and a plurality of nodes. For example, when
a CPU of the device is a dual-core CPU, the temperature
prediction circuit may include two or more nodes that can be
utilized to predict a temperature of each CPU. For example, a
temperature of each CPU may be predicted based on a voltage
measured at each node.

[0043] The temperature prediction circuit may be designed
in accordance with the specification of the Joint Electron
Device Engineering Council (JEDEC STANDARD NO.
51-14). The temperature prediction circuit is a circuit corre-
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sponding to the device, and may be used to establish the
correlation between current and voltage by applying current
to the temperature prediction circuit. For example, rather than
measuring a temperature of the device by applying power
directly to the device, a temperature of the device may be
rapidly predicted using the temperature prediction circuit
without applying power directly to the device.

[0044] For example, the power applied to the device may
correspond to the current applied to the temperature predic-
tion circuit. The temperature measured at the device may
correspond to the voltage measured at the temperature pre-
diction circuit. The thermal resistance of the device may
correspond to the electric resistance of the temperature pre-
diction circuit. However, exemplary embodiments of the
present inventive concept are not limited thereto. For
example, the power applied to the device may instead corre-
spond to the voltage of the temperature prediction circuit, and
the temperature measured at the device may instead corre-
spond to the current of the temperature prediction circuit.

[0045] The temperature prediction circuit may be, for
example, a mimic circuit including a resistor and/or a capaci-
tor. The temperature prediction circuit may measure a voltage
of'a particular location by applying current to the temperature
prediction circuit. A particular current value applied to the
temperature prediction circuit may correspond to the power
applied to the device, as described above, and thus, a corre-
lation between current and voltage may be established using
the temperature prediction circuit.

[0046] According to the correlation established between
current and voltage, a temperature of the device during a
particular operation of the device may be predicted without
applying power directly to the device.

[0047] For example, in a series of processes that perform a
particular operation of the device, when data regarding the
power applied to a CPU of the device relative to time exists, a
voltage may be measured by applying current corresponding
to the power to the temperature prediction circuit. Further, by
converting the measured voltage to a temperature of the
device, a temperature according to the process may be rapidly
predicted without applying power directly to the device. Dif-
ferent operations that may be performed by the device are
described below.

[0048] When the device is booted, a voltage may be mea-
sured by applying current corresponding to the power that is
applied during the booting of the device to a node of the
temperature prediction circuit corresponding to a CPU. The
measured voltage is converted to a temperature so that a
temperature according to the booting operation may be rap-
idly predicted.

[0049] When data is stored, a voltage may be measured by
applying current corresponding to power applied during the
storing of data to a node of the temperature prediction circuit
corresponding to a memory semiconductor chip (e.g., the
memory semiconductor chip where the data will be stored).
The measured voltage is converted to a temperature so that a
temperature according to the storing operation may be rapidly
predicted.

[0050] When data is erased, a voltage may be measured by
applying current corresponding to power applied during the
erasing of data to a node of the temperature prediction circuit
corresponding to a memory semiconductor chip (e.g., the
memory semiconductor chip where data will be erased from).
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The measured voltage is converted to a temperature so that a
temperature according to the erasing operation may be rap-
idly predicted.

[0051] Inthe above descriptions, a temperature is predicted
with respect to a node corresponding to a non-memory chip of
the device used during the execution of a particular operation
(e.g., booting the device), and with respect to a node corre-
sponding to a memory chip of'the device used during particu-
lar operations (e.g., storing data in memory of the device and
erasing data from memory of the device). However, exem-
plary embodiments of the present inventive concept are lim-
ited thereto. For example, a temperature at a location corre-
sponding to a memory chip of the device may be predicted
during the execution of a particular operation, and a tempera-
ture at a location corresponding to a non-memory chip of the
device may be predicted during data storing/erasing opera-
tions.

[0052] FIG. 2 is a graph showing a temperature of the
device predicted according to the application of power,
according to an exemplary embodiment of the present inven-
tive concept. FIG. 3 is a graph showing a temperature pre-
dicted by adjusting the amount of power applied to the device,
according to an exemplary embodiment of the inventive con-
cept.

[0053] Referring to FIG. 2, although a value of power
applied to the device increases until about t=2.2, where t is
measured in seconds, a maximum allowable temperature of
the device (e.g., a critical temperature) is reached at about
t=2.2. Thus, a value of power applied to the device is sharply
reduced from about 2 W to about 1 W. This sharp reduction of
applied power occurs because when a temperature of the
device exceeds the critical temperature, the device may not
properly operate (e.g., errors may occur during the operation
of the device). Thus, the applied power is sharply reduced
when the critical temperature is reached to reduce or prevent
deterioration of performance of the device.

[0054] Referring to FIG. 3, when the amount of power
applied to the device is adjusted based on the temperature
predicted in FIG. 2, a temperature of the device is changed.
For example, in FIG. 3, the amount of power applied to the
device from about t=1 to about t=2 is reduced from about 2 W
to about 1.7 W (with reference to FIG. 2), and the value of
power is adjusted to apply a power of about 3 W from about
t=2 to about t=2.5. Accordingly, while a temperature increase
range is reduced by decreasing the amount of power applied
to the device from about t=1 to about t=2, the time during
which the power of about 3 W is applied to the device may be
increased from about 0.2 seconds to about 0.5 seconds com-
pared to FIG. 2.

[0055] Thus, a relatively larger amount of power may be
supplied to the device without exceeding a critical tempera-
ture based on a result of temperature prediction of FIG. 2.
Further, since the time that a maximum amount of power is
applied to the device may be extended, the performance ofthe
device may be improved. Further, since the time that a tem-
perature reaches the critical temperature may be predicted, a
large value of power, for example, about 1.7 W in FIG. 3, may
be applied after the critical temperature is reached, rather than
implementing a rapid power reduction. As a result, the device
may be more stable, and may be operated more efficiently.
[0056] FIG.4isaplanview illustrating a substrate 1 includ-
ing a temperature prediction circuit 3 mounted thereto,
according to an exemplary embodiment of the present inven-
tive concept. FIG. 5 is a cross-sectional view illustrating a
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semiconductor package 2 taken along line I-I of FIG. 4,
according to an exemplary embodiment of the present inven-
tive concept.

[0057] Referring to FIGS. 4 and 5, the semiconductor pack-
age 2 and the temperature prediction circuit 3 may be
mounted together on the substrate 1. The semiconductor
package 2 may include a semiconductor chip 22 mounted on
the substrate 1, a connection terminal 23 electrically connect-
ing the semiconductor chip 22 and the substrate 1, and a
molding member 24 that covers the semiconductor chip 22
and the substrate 1. Although FIG. 5 illustrates a semicon-
ductor package 2 having a single semiconductor chip 22, the
semiconductor package 2 may include a plurality of semicon-
ductor chips 22 according to exemplary embodiments. The
connection terminal 23 may utilize a variety of means includ-
ing, for example, a ball grid array (BGA).

[0058] The semiconductor chip 22 may include an inte-
grated circuit therein, and the integrated circuit may include a
memory circuit or a logic circuit. For example, the semicon-
ductor chip 22 may be a memory chip or a non-memory chip.
The temperature prediction circuit 3 may be a mimic circuit of
the semiconductor package 2, and may be designed in accor-
dance with the JEDEC STANDARD NO. 51-14. However,
exemplary embodiments of the present inventive concept are
not limited thereto.

[0059] Although the temperature prediction circuit 3 is
illustrated as being mounted on the substrate 1 and disposed
separately from the semiconductor package 2 in FIG. 4,
exemplary embodiments of the present inventive concept are
not limited thereto. For example, in exemplary embodiments,
the temperature prediction circuit 3 may be mounted within
the semiconductor package 2.

[0060] FIGS. 6 and 7 are circuit diagrams illustrating the
temperature prediction circuit 3 (e.g., a mimic circuit) of FIG.
4, according to exemplary embodiments of the present inven-
tive concept. For example, the temperature prediction circuit
3 of FIG. 4 may be a network circuit that is obtained by
designing an electric circuit equivalent to a thermal structure.
[0061] The temperature prediction circuit 3 may be, for
example, a Foster type resistor-capacitor (RC) network cir-
cuit as shown in FIG. 6, or a Cauer type RC network circuit as
shown in FIG. 7. The circuits may be designed in accordance
with the JEDEC STANDARD NO. 51-14.

[0062] In an exemplary embodiment, the temperature pre-
diction circuit 3 may include a complete network, however,
exemplary embodiments of the present inventive concept are
not limited thereto.

[0063] InFIGS. 6 and 7, resistance values R;,R,,...,Rn
of'the resistors, and capacitance values C,, C,, . .., C, of the
capacitors may be chosen such that the amount of power
applied to the semiconductor package 2 and the amount of
current applied to the RC network circuit have a linear rela-
tion to each other, and the voltage measured from the RC
network circuit and the temperature predicted from the semi-
conductor package 2 have a linear relation to each other,
however, exemplary embodiments are not limited thereto. As
shown in FIGS. 6 and 7, the temperature prediction circuit 3
includes a plurality of nodes that can be utilized to predict a
temperature of the device. For example, the temperature of
the device at different locations may be predicted based on a
voltage measured at each node.

[0064] For example, when the amount of power applied to
the semiconductor package 2 and the amount of current
applied to the RC network circuit have a relation such that
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1=k, xP+a, where I is the amount of current applied to the RC
network circuit, k; and a are constants, and P is the amount of
power applied to the semiconductor package, the current
value may be applied to the RC network circuit by converting
the amount of power applied to the semiconductor package 2
to the amount of current applied to the RC network circuit.

[0065] Further, when the voltage measured from the RC
network circuit and the temperature predicted from the semi-
conductor package 2 have a relation such that T=k,xV+b,
where T is the temperature predicted from the semiconductor
package 2, k, and b are constants, and V is the voltage mea-
sured from the RC network circuit to which the current is
applied, the temperature of the semiconductor package 2 may
be predicted by converting the voltage measured from the RC
network circuit to a temperature of the semiconductor pack-
age 2.

[0066] FIG. 8 is a flowchart describing a method of deter-
mining power to be applied to a device including a semicon-
ductor chip, according to an exemplary embodiment of the
present inventive concept. Referring to FIG. 8, the method of
determining power to be applied to a device including a
semiconductor chip includes measuring a unit step response
to temperature relative to time by applying power to the
device including a semiconductor chip (block S11), calculat-
ing an impulse response of temperature relative to time for the
device (block S12), collecting power data applied according
to an operation of the device (block S13), and predicting a
temperature according to the operation of the device by per-
forming a convolution integral on the collected power data
and the impulse response (block S14).

[0067] Inan exemplary embodiment, the method may fur-
ther include adjusting power applied to the device to maxi-
mize the amount of the power applied to the device based on
the predicted temperature (block S15), and applying the
adjusted power to the device (block S16). At block S15, the
power may be adjusted such that the operational temperature
of'the device does not exceed a critical temperature.

[0068] For example, about 1 W of power may be applied to
the device to measure the unit step response to the tempera-
ture of the device relative to time (block S11). A temperature
curve that gradually increases as time passes (e.g., the unit
step response) may be measured with respect to the applied 1
W of power (block S11).

[0069] An impulse response may be calculated by differ-
entiating the measured unit step response to time (block S12).
For example, when the device is a CPU, the CPU may per-
form a booting operation of a smartphone or a computer, or an
operation that executes a particular application. A CPU is an
example of the device, and exemplary embodiments of the
present inventive concept are not limited thereto.

[0070] During the process of booting the device or execut-
ing a particular application, power is applied to the CPU. The
applied power may vary according to time. As the power
applied to the CPU increases, performance of the CPU is
improved. However, when a temperature of the CPU rises
beyond a critical temperature, performance of the CPU may
deteriorate. Thus, the performance and critical temperature of
the CPU are taken into account when applying power to the
CPU.

[0071] Data indicating the power applied to the CPU
according to the operation of the CPU is collected at block
S13. This data may be collected once. Although execution of
a particular application is described herein as an exemplary
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operation of the CPU, exemplary embodiments of the present
inventive concept are not limited thereto.

[0072] When a particular application is executed, a tem-
perature difference of the CPU according to time may be
measured by convolution integrating a time-power graph
applied to the collected CPU and the impulse response.
[0073] A temperature of the CPU according to the applied
power may be predicted by measuring an initial temperature
of the CPU before the power is applied, and summing the
measured initial temperature of the CPU and the temperature
difference measured through the performed convolution inte-
gration.

[0074] As described above, as the amount of power applied
to the CPU increases, the operational performance of the CPU
is improved. However, when a temperature of the CPU rises
to exceed the critical temperature, performance of the CPU
may be degraded (e.g., errors or a decrease in speed may
occur).

[0075] Thus, to maximize the amount of power applied to
the CPU while maintaining the operational temperature of the
CPU such that it does not exceed the critical temperature, the
power applied to the CPU may be adjusted based on the
measured temperature of the CPU.

[0076] FIG. 9 is a graph showing a temperature difference
of a CPU predicted by convolution integrating time-power
data collected while the CPU performs a particular operation
and an impulse response calculated at block S12 of FIG. 8.
When the measured initial temperature of the CPU before
power is applied to the CPU is about 30° C. and a critical
temperature of the CPU is about 130° C., a temperature of the
CPU at about t=70 is predicted at about 130° C. Further,
power applied to the CPU after about t=70 is about 0 W,
resulting in the temperature of the CPU not exceeding the
critical temperature.

[0077] The maximum power applied to the CPU is about 10
W. For example, about 1 W of power is applied to the CPU
from about t=30 to about t=60 before the maximum power is
applied. The temperature immediately before the maximum
power of about 10 W is applied to the CPU (e.g., at about
t=60) corresponds to about 50° C.

[0078] Thus, the amount of the power applied to the CPU
from about t=30 to about t 60 may be adjusted to be less than
about 1 W when maximizing the amount of power applied to
the CPU without exceeding the critical temperature of about
130° C. However, exemplary embodiments of the present
inventive concept are not limited thereto, and an interval at
which power is adjusted may vary according to the type and
execution time of an application.

[0079] For example, when about 0.8 W of power is applied
to the CPU from about t=30 to about t=60, a temperature of
the CPU at about t=60 may be predicted, and thus, the maxi-
mum power of about 10 W may be applied to the CPU for a
time period during which the CPU does not exceed the critical
temperature based on the predicted temperature. Thus, since
the time for applying the maximum power may be increased
within a range not exceeding the critical temperature while
increasing the amount of power applied to the CPU, the
performance of the CPU may be improved, and deterioration
of'the performance of the CPU may be reduced or prevented.
[0080] Intheexemplary embodiments described above, the
time for applying the maximum power is increased by reduc-
ing the amount of power applied to the CPU immediately
before the maximum power is applied. However, exemplary
embodiments of the present inventive concept are not limited
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thereto. For example, a user may determine whether to adjust
the amount of power applied to the CPU through iteration by
adjusting power at a desired time point, predicting a tempera-
ture by convolution integrating the adjusted power and the
impulse response of FIG. 9, re-adjusting the power, or per-
forming convolution integration of the re-adjusted power and
the impulse response.

[0081] Thus, the maximum allowable power may be main-
tained at the CPU as long as possible, resulting in improved
performance of the CPU. Further, since the application of
power is adjusted to maintain a temperature of the CPU such
that the temperature does not exceed the critical temperature,
stability of the CPU may be improved. In the exemplary
embodiments described above, the applied power is adjusted
in a direction to maintain the maximum allowable power for
as long as possible. However, exemplary embodiments of the
present inventive concept are not limited thereto. For
example, the power may be adjusted to have the maximum
power amount while the maximum allowable power is
reduced according to the operational purpose and type of the
CPU.

[0082] FIG. 10 illustrates a system 30 including a tempera-
ture prediction circuit, according to an exemplary embodi-
ment of the present inventive concept. Referring to FIG. 10,
the system 30 may include a controller 31, an input/output
device 32, a memory 33, and an interface 34. The system 30
may be, for example, a mobile system or a system for trans-
mitting or receiving information. The mobile system may be,
forexample, a personal digital assistant (PDA), portable com-
puter, computer tablet, wireless phone, mobile phone, digital
music player, or memory card.

[0083] The controller 31 may execute a program and con-
trol the system 30. The controller 31 may include, for
example, a microprocessor, digital signal processor, or micro-
controller. The controller 31 may further include a tempera-
ture prediction circuit according to an exemplary embodi-
ment of the present inventive concept. A temperature of the
controller 31 may be predicted by the temperature prediction
method according to an exemplary embodiment of the present
inventive concept.

[0084] The input/output device 32 may be used to input or
output data of the system 30. The system 30 may be connected
to an external apparatus such as, for example, a personal
computer or a network, so as to exchange data with each
other. The input/output device 32 may be, for example, a
keypad, keyboard, or display.

[0085] The memory 33 may store code and/or data for
operation of the controller 31, and/or data processed by the
controller 31. The memory 33 may include a temperature
prediction circuit according to an exemplary embodiment of
the present inventive concept. A temperature of the memory
33 may be predicted by the temperature prediction method
according to an exemplary embodiment of the present inven-
tive concept.

[0086] The interface 34 may provide a data transmission
path between the system 30 and an external apparatus. The
controller 31, the input/output device 32, the memory 33, and
the interface 34 may communicate with one another via a bus
35. The system 30 may be, for example, a mobile phone, MP3
player, navigation device, portable multimedia player (PMP),
solid state disks (SSD), or household appliance.

[0087] FIG. 11 is a perspective view of an electronic appa-
ratus employing a device manufactured according to an
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exemplary embodiment of the present inventive concept. For
example, in FIG. 11, the system 30 of FIG. 10 is implemented
as a mobile phone 40.

[0088] While the present inventive concept has been par-
ticularly shown and described with reference to the exem-
plary embodiments thereof; it will be understood by those of
ordinary skill in the art that various changes in form and detail
may be made therein without departing from the spirit and
scope of the present inventive concept as defined by the fol-
lowing claims.

What is claimed is:

1. A method of predicting a temperature, comprising:

operatively coupling a temperature prediction circuit to a

device comprising a semiconductor chip;

determining a correlation between a current and a voltage

of the temperature prediction circuit; and

predicting a temperature with respect to power applied to

the device using the determined correlation.

2. The method of claim 1, wherein the temperature predic-
tion circuit comprises at least one resistor and at least one
capacitor, and a plurality of nodes.

3. The method of claim 2, wherein a resistance of the
resistor and a capacitance of the capacitor each comprise a
value such that the power applied to the device and current
applied to the temperature prediction circuit have a substan-
tially linear relation with each other, and a temperature of the
device and a voltage measured at the temperature prediction
circuit have a substantially linear relation with each other.

4. The method of claim 1, wherein the temperature predic-
tion circuit is mounted on a substrate with the device, and the
temperature prediction circuit is disposed within the device or
separate from the device.

5. The method of claim 1, wherein the temperature predic-
tion circuit is a Foster type resistor-capacitor (RC) network
circuit or a Cauer type RC network circuit.

6. The method of claim 1, wherein predicting the tempera-
ture comprises:

collecting data indicating an amount of the power applied

to the device according to an operation of the device;
measuring an amount of a voltage at the temperature pre-
diction circuit by applying a current to the temperature
prediction circuit based on the collected data; and
predicting a temperature of the device by converting the
measured amount of voltage to a temperature corre-
sponding to the device.

7. The method of claim 1, further comprising adjusting the
power applied to the device based on a predicted temperature.

8. The method of claim 7, wherein the power applied to the
device is adjusted to a maximum power value that does not
exceed a critical temperature.

9. The method of claim 1, wherein the device comprises:

a substrate;

the semiconductor chip mounted on the substrate;

a connection member electrically connecting the substrate

and the semiconductor chip; and

a molding member covering the semiconductor chip and

the substrate.

10. A method of predicting a temperature, comprising:

measuring a unit step response to temperature relative to

time by applying power to a device comprising a semi-
conductor chip;
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calculating an impulse response of temperature relative to

time for the device;

collecting power data applied according to an operation of

the device; and

predicting a temperature according to the operation of the

device by convolution integrating the collected power
data and the impulse response.

11. The method of claim 10, wherein predicting the tem-
perature comprises:

measuring an initial temperature of the device before

applying power to the device; and

summing a measured initial temperature of the device and

atemperature difference measured via convolution inte-
gration.

12. The method of claim 10, wherein the semiconductor
chip is a non-memory chip.

13. The method of claim 10, wherein the operation of the
device comprises booting the device or executing an applica-
tion of the device.

14. The method of claim 10, further comprising:

adjusting the power applied to the device, based on a pre-

dicted temperature, to a maximum power value that does
not exceed a critical temperature; and

applying the adjusted power to the device.

15. The method of claim 14, wherein adjusting the power
applied to the device comprises:

initially applying a reduced amount of power to the device;

and

subsequently applying a maximum amount of power cor-

responding to the maximum power value for a time
period during which a temperature of the device does not
exceed the critical temperature.

16. A method of predicting a temperature, comprising:

operatively coupling a temperature prediction circuit to a

device comprising a semiconductor chip;

applying a current to the temperature prediction circuit;

measuring a voltage at a node of the temperature prediction

circuit, wherein the node corresponds to the semicon-
ductor chip of the device; and

predicting a temperature of the device based on the current

applied to the temperature prediction circuit and the
voltage measured at the node of the temperature predic-
tion circuit.

17. The method of claim 16, wherein the semiconductor
chip is one of a plurality of semiconductor chips, the node is
one of a plurality of nodes, and each of the plurality of nodes
corresponds to a different one of the semiconductor chips,
and

predicting the temperature is based on the current applied

to the temperature prediction circuit and a voltage mea-
sured at each of the plurality of nodes.

18. The method of claim 16, further comprising adjusting
the power applied to the device based on a predicted tempera-
ture.

19. The method of claim 18, wherein the power applied to
the device is adjusted to a maximum power value that does not
exceed a critical temperature.

20. The method of claim 16, wherein the temperature pre-
diction circuit comprises at least one resistor and at least one
capacitor, and a plurality of nodes.
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