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main circuit board mounted in a predetermined portion of the control por-
2 tion, aheat exchanger having a portion arranged adjacent to the main circuit
411 fr board, with aplurality of micro-paths extended from the portion to the other
AUO AT ARl LT A portion, each of the micro-paths connected to a neighboring one to form a
A closed loop, and aworking fluid configured to absorb heat in the portion and
emit the heat in the other portion, to be liquefied, the working fluid con-
figured to vibrate along the micro-paths, wherein a gaseous state working
fluid and aliquid state working fluid are mixed intermittently.
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Description
Title of Invention: MOBILE TERMINAL

Technical Field
[1 The present invention relates to amobile terminal that includes aheat exchanger
configured to radiate the heat generated in the mobile terminal.

Background Art

[2] Terminals can be classified into mobile terminals and stationary terminals. In
addition, the mobile terminals can be further classified into handheld terminals and
vehicle mount terminals.

[3] Further, amobile terminal can perform various functions such as data and voice com-
munications, capturing images and video via a camera, recording audio, playing music
files and outputting music via a speaker system, and displaying images and video on a
display.

[4] Various components are mounted in such amobile terminal to realize the various
functions. When the components are put into operation sequentially or simultaneously,
alot of heat isgenerated. In addition, the mobile termina isnot used only for one
function simply but for the various functions, such that use time of the mobile terminal
may increase. Accordingly, there is adisadvantage that the temperature of the mobile
terminal rises continuously.

[5] If the temperature of the mobile terminal rises, it will be difficult for auser to hold
and use the mobile terminal in the hand. The rise of the mobile terminal temperature
might affect functions of the electronic components mounted in the mobile terminal
and aheat radiation function of the heat generated in the mobile terminal isrelated to
the other functions of the mobile terminal.

Disclosure of Invention

Technical Problem

[6] An object of the present invention isto provide amobile termina that includes a heat
exchanger configured to absorb and diffuse the heat generated in aportion of the
mobile terminal to the other opposite portion, only to enhance heat radiation efficiency
of the mobile terminal.

[7] Additional advantages, objects, and features of the disclosure will be set forth in part
in the description which follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or may be learned from
practice of the invention. The objectives and other advantages of the invention may be
realized and attained by the structure particularly pointed out in the written description
and claims hereof aswell asthe appended drawings.
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Solution to Problem

To achieve these objects and other advantages and in accordance with the purpose of
the invention, as embodied and broadly described herein, a mobile terminal includes a
mobile terminal includes a case comprising acontrol portion provided therein; a
display coupled to the case; amain circuit board mounted in apredetermined portion
of the control portion; aheat exchanger having aportion arranged adjacent to the main
circuit board, with aplurality of micro-paths extended from the portion to the other
portion, each of the micro-paths connected to a neighboring one to form aclosed loop;
and aworking fluid configured to absorb heat in the portion and emit the heat in the
other portion, to be liquefied, the working fluid configured to vibrate along the micro-
paths, wherein a gaseous state working fluid and aliquid state working fluid are mixed
intermittently.

The heat exchanger may be a middle frame configured to support aback surface of
the display.

The heat exchanger may be aback cover detachably coupled to aback surface of the
case.

The mobile terminal may further include aheat exchanging portion where the micro-
paths of the heat exchanger are formed; and an injection molded portion coupled to the
heat exchanging portion in adouble injection molding method.

The micro-paths may form a serpentine structure and further include a connection
path configured to connect both ends of the serpentine structure micro-paths.

The portion may be alower portion of the mobile terminal and the other portion may
be an upper portion of the mobile terminal, and the micro-paths may be formed in a
vertical direction.

The micro-paths may be obliquely formed in adiagonal direction with respect to the
mobile terminal.

A cross section of amicro-path may be rectangular.

A hydraulic diameter of the micro-path may be 500xm or more and 1000/m or less.

The working fluid may be injected in the micro-paths by 30% or more and 70% or
more of the volume.

A bailing point of the working fluid may be 40°C or more and 70°C or less.

The working fluid may be perfluorocarbon (PFCs) compound.

The mobile may further include a oscillator configured to apply vibration to the heat
exchanger, wherein the oscillator is driven when the temperature of the mobile
terminal is an operation temperature of the heat exchanger or more.

The oscillator may be driven at predetermined intervals intermittently.

Advantageous Effects of Invention
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According to at least one embodiments of the present invention, the mobile terminal
100 including the heat exchanger 200 may use a convection method instead of the con-
ventional conduction type heat radiation method and enhance the heat radiation ef-
ficiency.

Especially, the heat exchanger 200 including the micro-paths 201 having the
hydraulic diameter of approximately 700xm may be provided. When injecting 50% of
FC-72 asthe working fluid 210, the thermal resistance can be lowered by ap-
proximately 50%, compared with the graphite sheet. Accordingly, the heat radiation ef-
ficiency can beincreased by approximately 150% or more.

Furthermore, the heat exchanger may be functioned as the middle frame configured
to support the display aswell asthe heat radiating function. When using the heat
exchanger according to the present invention, instead of the middle frame, the heat
radiation efficiency may be enhanced, without increasing the number of components.

It isto be understood that both the foregoing general description and the following
detailed description of the embodiments are exemplary and explanatory and are
intended to provide further explanation of the invention as claimed.

Brief Description of Drawings

The accompanying drawings, which are included to provide afurther understanding
of the invention and are incorporated in and constitute apart of this application, il-
lustrate embodiment(s) of the invention and together with the description serve to
explain the principle of the invention. In the drawings..

FIG. lisablock diagram of amobile terminal according to one embodiment of the
present invention;

FIG. 2 isafront perspective diagram of amobile terminal according to one em-
bodiment of the present invention;

FIG. 3isan exploded perspective diagram of amobile terminal according to one em-
bodiment of the present invention;

FIG. 4 isadiagram illustrating thermal gradient of aconventional mobile terminal;

FIG. 5isaperspective diagram illustrating aheat exchanger according to one em-
bodiment of the present invention;

FIG. 6 isalongitudinal sectional diagram of the heat exchanger according to one em-
bodiment of the present invention;

FIG. 7 isahorizontal sectional diagram of the heat exchanger according to one em-
bodiment of the present invention;

FIG. 8isasectiona diagram illustrating that aworking fluid filled in the heat
exchanger according to one embodiment of the present invention is flowing;

FIG. 9isagraph illustrating thermal resistance based on the size of a micro-path
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provided in the heat exchanger, atype of aworking fluid and an injection degree of the

working fluid according to one embodiment of the present invention;
FIG. 10 isalongitudinal sectional diagram of aheat exchanger according to another

embodiment of the present invention; and

FIG. 1lisagraph illustrating thermal resistance based on whether to use an os-
cillator of the mobile terminal according to the embodiment of the present invention.
Mode for the Invention

In the following detailed description, reference is made to the accompanying drawing
figures which form apart hereof, and which show by way of illustration various em-
bodiments.

Asused herein, the suffixes module , unit and part are used for elements in order to
facilitate the disclosure only. Therefore, significant meanings or roles are not given to
the suffixes themselves and it is understood that the module , unit and part can be used
together or interchangeably.

The various features described herein may be applicable to avarious types of mobile
terminals. Examples of such terminals may include mobile phones, user equipments,
smart phones, digital broadcast receivers, personal digital assistants, laptop computers,
portable multimedia players (PMP), navigators and the like.

Yet, itisapparent to those skilled in the art that a configuration according to an em-
bodiment disclosed in this specification may aso be applicable to afixed terminal such
asadigital TV, adesktop computer and the like as well as a mobile terminal.

Fig. lisablock diagram of amobile terminal 100 in accordance with an em-
bodiment as broadly described herein. The mobile terminal 100 may include awireless
communication unit 110, an A/V (audio/video) input unit 120, auser input unit 130, a
sensing unit 140, an output unit 150, amemory 160, an interface unit 170, a controller
180, apower supply unit 190 and the like. FIG. 1 shows the mobile terminal 100
having various components, but it isunderstood that implementing all of the illustrated
components is not arequirement. Greater or fewer components may alternatively be
implemented.

In the following description, the above elements of the mobile terminal 100 are
explained in sequence.

First of al, the wireless communication unit 110 typically includes one or more
components which permits wireless communication between the mobile terminal 100
and awireless communication system or network within which the mobile terminal
100 islocated. For instance, the wireless communication unit 110 can include a
broadcast receiving module 111, amobile communication module 112, awireless
internet module 113, a short-range communication module 114, aposition-location
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module 115 and the like.

The broadcast receiving module 111 receives abroadcast signal and/or broadcast as-
sociated information from an external broadcast managing server via abroadcast
channel. The broadcast channel may include a satellite channel and aterrestrial
channel. At least two broadcast receiving modules 111 can be provided to the mobile
terminal 100 in pursuit of simultaneous receptions of at least two broadcast channels or
broadcast channel switching facilitation.

The broadcast managing server generally refers to a server which generates and
transmits abroadcast signal and/or broadcast associated information or a server which
isprovided with apreviously generated broadcast signal and/or broadcast associated
information and then transmits the provided signal or information to aterminal. The
broadcast signa may be implemented asa TV broadcast signal, aradio broadcast
signal, and a data broadcast signal, among others. If desired, the broadcast signal may
further include abroadcast signal combined with aTV or radio broadcast signal.

The broadcast associated information includes information associated with a
broadcast channel, abroadcast program, abroadcast service provider, etc. And, the
broadcast associated information can be provided via a mobile communication
network. Inthis case, the broadcast associated information can be received by the
mobile communication module 112.

The broadcast associated information can be implemented in various forms. For
instance, broadcast associated information may include an electronic program guide
(EPG) of digital multimedia broadcasting (DMB) and electronic service guide (ESG)
of digital video broadcast-handheld (DVB-H).

The broadcast receiving module 111 may be configured to receive broadcast signals
transmitted from various types of broadcast systems. By nonlimiting example, such
broadcasting systems include digital multimedia broadcasting-terrestrial (DMB-T),
digital multimedia broadcasting-satellite (DMB-S), digital video broadcast-handheld
(DVB-H), Convergence of Broadcasting and Mobile Service(DVB-CBMS), Open
Mobile Alliance-BroadCAST(OMA-BCAST), China Multimedia Mobile
Broadcasting(CMMB), Mobile Broadcasting Business Management
System(MBBMYS),, the data broadcasting system known as media forward link only
(MediaFLO ) and integrated services digital broadcast-terrestrial (1SDB-T). Optionally,
the broadcast receiving module 111 can be configured suitable for other broadcasting
systems as well asthe above-explained digital broadcasting systems.

The broadcast signal and/or broadcast associated information received by the
broadcast receiving module 111 may be stored in a suitable device, such as amemory
160.

The mobile communication module 112 transmits/receives wireless signals to/from
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one or more network entities (e.g., base station, external terminal, server, etc.) via a
mobile network such as GSM(Gobal System for Mobile communications),
CDMA(Code Division Multiple Access), WCDMA (Wideband CDMA) and so on.
Such wireless signals may represent audio, video, and data according to text/
multimedia message transmission and reception .amongothers.

The wireless internet module 113 supports Internet access for the mobile terminal
100. This module may be internally or externally coupled to the mobile terminal 100.
In this case, the wireless Internet technology can include WLAN (Wireless LAN)
(Wi-Fi), Wibro (Wireless broadband), Wimax (World Interoperability for Microwave
Access), HSDPA(High Speed Downlink Packet Access), GSM, CDMA, WCDMA,
LTE (Long Term Evolution) etc.

Wireless internet access by Wibro, HSPDA, GSM, CDMA, WCDMA, LTE or the
like is achieved via amobile communication network. In this aspect, the wireless
internet module 113 configured to perform the wireless internet access via the mobile
communication network can be understood as asort of the mobile communication
module 112.

The short-range communication module 114 facilitates relatively short-range com-
munications. Suitable technologies for implementing this module include radio
frequency identification (RFID), infrared data association (IrDA), ultra-wideband
(UWB), aswell at the networking technologies commonly referred to as Bluetooth and
ZigBee, to name afew.

The position-location module 115 identifies or otherwise obtains the location of the
mobile terminal 100. If desired, this module may be implemented with aglobal po-
sitioning system (GPS) module. According to the current technology, the GPS module
115 is able to precisely calculate current 3-dimensional position information based on
at least one of longitude, latitude and altitude and direction (or orientation) by cal-
culating distance information and precise time information from at least three satellites
and then applying triangulation to the calculated information. Currently, location and
time information are calculated using three satellites, and errors of the calculated
location position and time information are then amended using another satellite.
Besides, the GPS module 115 is able to calculate speed information by continuously
calculating areal-time current location.

Referring to FIG. 1, the audio/video (A/V) input unit 120 may be configured to
provide audio or video signal input to the mobile terminal 100. As shown, the A/V
input unit 120 includes a camera 121 and amicrophone 122. The camera 121 receives
and processes image frames of still pictures or video, which are obtained by an image
sensor in avideo call mode or aphotographing mode. In addition, the processed image
frames can be displayed on the display 151 of the output unit 150.
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The image frames processed by the camera 121 can be stored in the memory 160 or
can be externally transmitted via the wireless communication unit 110. Optionally, at
least two cameras 121 can be provided to the mobile terminal 100 according to en-
vironment of usage.

The microphone 122 receives an external audio signal while the portable deviceisin
aparticular mode, such as phone call mode, recording mode and voice recognition.
This audio signal isprocessed and converted into electric audio data. The processed
audio data is transformed into aformat transmittable to amobile communication base
station via the mobile communication module 112 in case of acall mode. The mi-
crophone 122 may include assorted noise removing agorithms to remove noise
generated in the course of receiving the external audio signal.

The user input unit 130 may generate input data responsive to user manipulation of
an associated input device or devices. Examples of such devices include abutton 136
provided to front/rear/lateral side of the mobile terminal 100 and atouch sensor
(pressure sensitive touch/ capacitive touch) 137 and may further include akey pad, a
dome switch, ajog wheel, ajog switch and the like.

The sensing unit 140 may provide sensing signals for controlling operations of the
mobile terminal 100 using status measurements of various aspects of the mobile
terminal 100. For instance, the sensing unit 140 may detect an open/close status of the
mobile terminal 100, relative positioning of components (e.g., adisplay and keypad) of
the mobile terminal 100, a change of position of the mobile terminal 100 or a
component of the mobile terminal 100, apresence or absence of user contact with the
mobile terminal 100, orientation or acceleration/deceleration of the mobile terminal
100. By nonlimiting example, such a sensing unit 140 may include, agyro sensor, an
acceleration sensor, ageomagnetic sensor and the like.

As an example, consider the mobile terminal 100 being configured as a dlide-type
mobile terminal. In this configuration, the sensing unit 140 may sense whether a
sliding portion of the mobile termina is open or closed. Other examples include the
sensing unit 140 sensing the presence or absence of power provided by the power
supply 190, the presence or absence of a coupling or other connection between the
interface unit 170 and an external device. In addition, the sensing unit 140 may include
aproximity sensor 141.

The output unit 150 may generate outputs relevant to the senses of sight, hearing,
touch and the like. The output unit 150 includes the display 151, an audio output
module 152, an alarm unit 153, and ahaptic module 154 and the like.

The display 151 may beimplemented to visualy display (output) information as-
sociated with the mobile terminal 100. For instance, if the mobile terminal is operating
in aphone cal mode, the display may provide auser interface (Ul) or graphical user
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interface (GUI) which includes information associated with placing, conducting, and
terminating aphone call. As another example, if the mobile terminal 100 isin avideo
call mode or aphotographing mode, the display 151 may additionally or alternatively
display images which are associated with these modes, the Ul or the GUI.

The display 151 may be implemented using known display technologies including,
for example, aliquid crystal display (LCD), athin film transistor-liquid crystal display
(TFT-LCD), an organic light-emitting diode display (OLED), aflexible display and a
three-dimensional display. The mobile terminal 100 may include one or more of such
displays.

Some of the above displays can be implemented in atransparent or optical trans-
mittable type, which can be named atransparent display. As arepresentative example
for the transparent display, there is TOLED (transparent OLED) or the like. A rear
configuration of the display 151 can be implemented in the optical transmittive type as
well. In this configuration, auser is able to see an object in rear of aterminal body via
the area occupied by the display 151 of the terminal body.

At least two displays 151 may be provided to the mobile terminal 100 in accordance
with the implemented configuration of the mobile terminal 100. For instance, a
plurality of displays can be arranged on a single face of the mobile terminal 100in a
manner of being spaced apart from each other or being built in one body. Alternatively,
aplurality of displays can be arranged on different faces of the mobile terminal 100.

In case that the display 151 and the touch sensor 137 configures amutual layer
structure (hereinafter called touch screen ), it is able to use the display 151 as an input
device aswell as an output device. In this case, the touch sensor may be configured as
atouch film, atouch sheet, atouchpad or the like.

The touch sensor 137 can be configured to convert apressure applied to a specific
portion of the display 151 or avariation of acapacitance generated from a specific
portion of the display 151 to an electric input signal. Moreover, it is able to configure
the touch sensor 137 to detect apressure of atouch aswell as atouched position or
size.

If atouch input is made to the touch sensor 137, signal(s) corresponding to the touch
istransferred to atouch controller. The touch controller processes the signal(s) and
then transfers the processed signal(s) to the controller 180. Therefore, the controller
180 is able to know whether aprescribed portion of the display 151 is touched.

Referring to FIGs. 1and 2, aproximity sensor 141 can be provided to an internal
area of the mobile terminal 100 enclosed by the touchscreen or around the touchscreen.
The proximity sensor 141 is the sensor that detects a presence or non-presence of an
object approaching aprescribed detecting surface or an object existing around the
proximity sensor using an electromagnetic field strength or infrared ray without me-
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chanical contact. Hence, the proximity sensor has durability longer than that of a
contact type sensor and also has utility wider than that of the contact type sensor.

The proximity sensor 141 can include one of atransmittive photoelectric sensor, a
direct reflective photoelectric sensor, amirror reflective photoelectric sensor, aradio
frequency oscillation proximity sensor, an electrostatic capacity proximity sensor, a
magnetic proximity sensor, an infrared proximity sensor and the like. In case that the
touchscreen includes the electrostatic capacity proximity sensor, it isconfigured to
detect the proximity of apointer using avariation of electric field according to the
proximity of the pointer. In this case, the touchscreen (touch sensor) can be classified
asthe proximity sensor.

For clarity and convenience of the following description, as apointer becomes
proximate to atouchscreen without coming into contact with the touchscreen, if the
pointer is perceived as situated over the touchscreen, such an action shall be named
proximity touch . If apointer actually comes into contact with atouchscreen, such an
action shall be named contact touch . A proximity-touched position over the
touchscreen with the pointer may mean aposition at which the pointer verticaly
opposes the touchscreen when the touchscreen is proximity-touched with the pointer.

The proximity sensor 141 detects aproximity touch and aproximity touch pattern
(e.g., aproximity touch distance, aproximity touch duration, aproximity touch
position, aproximity touch shift state, etc.). In addition, information corresponding to
the detected proximity touch action and the detected proximity touch pattern can be
outputted to the touchscreen.

The audio output module 152 functions in various modes including a call-receiving
mode, acall-placing mode, arecording mode, avoice recognition mode, abroadcast
reception mode and the like to output audio data which isreceived from the wireless
communication unit 110 or is stored in the memory 160. During operation, the audio
output module 152 outputs audio relating to a particular function (e.g., call received,
message received, etc.). The audio output module 152 is often implemented using one
or more speakers, buzzers, other audio producing devices, and combinations thereof.

The alarm unit 153 isoutput asigna for announcing the occurrence of aparticular
event associated with the mobile terminal 100. Typical events include acall received
event, amessage received event and atouch input received event. The alarm unit 153
is able to output asigna for announcing the event occurrence by way of vibration as
well asvideo or audio signal. The video or audio signal can be output via the display
151 or the audio output unit 152. Hence, the display 151 or the audio output module
152 can beregarded as apart of the alarm unit 153.

The haptic module 154 generates various tactile effects that can be sensed by a user.
Vibration is arepresentative one of the tactile effects generated by the haptic module
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154. Strength and pattern of the vibration generated by the haptic module 154 are con-
trollable. For instance, different vibrations can be output in amanner of being syn-
thesized together or can be output in sequence.

The haptic module 154 is able to generate various tactile effects aswell asthe
vibration. For instance, the haptic module 154 generates the effect attributed to the ar-
rangement of pins vertically moving against acontact skin surface, the effect attributed
to the injection/suction power of air though an injection/suction hole, the effect at-
tributed to the skim over a skin surface, the effect attributed to the contact with
electrode, the effect attributed to the electrostatic force, the effect attributed to the rep-
resentation of hold/cold sense using an endothermic or exothermic device and the like.

The haptic module 154 can be implemented to enable auser to sense the tactile effect
through amuscle sense of finger, arm or the like as well asto transfer the tactile effect
through adirect contact. Optionaly, at least two haptic modules 154 can be provided
to the mobile terminal 100 in accordance with the corresponding configuration type of
the mobile terminal 100.

The memory unit 160 is generally used to store various types of data to support the
processing, control, and storage requirements of the mobile terminal 100. Examples of
such data include program instructions for applications operating on the mobile
terminal 100, contact data, phonebook data, messages, audio, still pictures (or photo),
moving pictures, etc. In addition, arecent use history or a cumulative use frequency of
each data (e.g., use frequency for each phonebook, each message or each multimedia)
can be stored in the memory unit 160. Moreover, data for various patterns of vibration
and/or sound output in case of atouch input to the touchscreen can be stored in the
memory unit 160.

The memory 160 may be implemented using any type or combination of suitable
volatile and non-volatile memory or storage devices including hard disk, random
access memory (RAM), static random access memory (SRAM), electricaly erasable
programmable read-only memory (EEPROM), erasable programmable read-only
memory (EPROM), programmable read-only memory (PROM), read-only memory
(ROM), magnetic memory, flash memory, magnetic or optical disk, multimedia card
micro type memory, card-type memory (e.g., SD memory, XD memory, etc.), or other
similar memory or data storage device. In addition, the mobile terminal 100 is able to
operate in association with aweb storage for performing astorage function of the
memory 160 on Internet.

The interface unit 170 is often implemented to couple the mobile terminal 100 with
external devices. The interface unit 170 receives data from the external devices or is
supplied with the power and then transfers the data or power to the respective elements
of the mobile terminal 100 or enables data within the mobile terminal 100 to be
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transferred to the external devices.

The interface unit 170 may be configured using awired/wireless headset port, an
external charger port, awired/wireless data port, amemory card port, aport for
coupling to adevice having an identity module, audio input/output ports, video input/
output ports, an earphone port and/or the like.

The identity module is the chip for storing various kinds of information for authen-
ticating ause authority of the mobile terminal 100 and can include User Identify
Module (UIM), Subscriber Identify Module (SIM), Universal Subscriber Identity
Module (USIM) and/or the like. A device having the identity module (hereinafter
called identity device ) can be manufactured asasmart card. Therefore, the identity
device is connectible to the mobile terminal 100 via the corresponding port.

When the mobile terminal 100 is connected to an external cradle, the interface unit
170 becomes a passage for supplying the mobile terminal 100 with a power from the
cradle or apassage for delivering various command signals input from the cradle by a
user to the mobile terminal 100. Each of the various command signals input from the
cradle or the power can operate as asignal enabling the mobile terminal 100 to
recognize that it is correctly loaded in the cradle.

The controller 180 may control the overall operations of the mobile terminal 100. For
example, the controller 180 may performs the control and processing associated with
voice calls, data communications, video calls, etc. The controller 180 may include a
multimedia module 181 that provides multimedia playback. The multimedia module
181 may be configured as part of the controller 180, or implemented as a separate
component.

Moreover, the controller 180 is able to perform a pattern (or image) recognizing
process for recognizing awriting input and apicture drawing input carried out on the
touchscreen as characters or images, respectively.

The power supply unit 190 provides power required by the various components for
the mobile terminal 100. The power may beinternal power, external power, or com-
binations thereof.

A battery may include abuilt-in rechargeable battery and may be detachably attached
to the terminal body for a charging and the like. A connecting port may be configured
asone example of the interface 170 viawhich an external charger for supplying a
power of abattery charging iselectrically connected.

Various embodiments described herein may be implemented in a computer-readable
medium using, for example, computer software, hardware, or some combination
thereof.

For ahardware implementation, the embodiments described herein may be im-
plemented within one or more application specific integrated circuits (ASICs), digital
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signal processors (DSPs), digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FPGAS), processors, con-
trollers, micro-controllers, microprocessors, other electronic units designed to perform
the functions described herein, or a selective combination thereof. Such embodiments
may also be implemented by the controller 180.

For a software implementation, the embodiments described herein may be im-
plemented with separate software modules, such as procedures and functions, each of
which perform one or more of the functions and operations described herein. The
software codes can be implemented with a software application written in any suitable
programming language and may be stored in memory such asthe memory 160, and
executed by acontroller or processor, such asthe controller 180.

Next, FIG. 2 isafront perspective diagram of amobile terminal according to one em-
bodiment of the present invention.

The mobile terminal 100 shown in the drawing has abar type terminal body. Yet, the
mobile terminal 100 may be implemented in avariety of different configurations.
Examples of such configurations include folder-type, slide-type, rotationa-type,
swing-type and combinations thereof. For clarity, further disclosure will primarily
relate to abar-type mobile terminal 100. However such teachings apply equally to
other types of mobile terminals.

Referring to FIG. 2, the mobile terminal 100 includes acase 101, 102, 103 con-
figuring an exterior thereof. In the present embodiment, the case can be divided into a
front case 101 and arear case 102. Various electric/electronic parts are loaded in a
space provided between the front and rear cases 101 and 102.

Occasionally, electronic components can be mounted on a surface of the rear case
102. The electronic part mounted on the surface of the rear case 102 may include such
adetachable part such as a battery, aUSIM card, amemory card and the like. In doing
so, the rear case 102 may further include abackside cover 103(see FIG.3) configured
to cover the surface of the rear case 102. In particular, the backside cover 103 has a de-
tachable configuration for the user sconvenience. If the backside cover 103 is detached
from the rear case 102, the surface of the rear case 102 is exposed.

Referring to FIG. 3, if the backside cover 103 is attached to the rear case 102, a
lateral side of the rear case 102 may be exposed in part. If asize of the backside cover
103 isdecreased, arear side of the rear case 102 may be exposed in part. If the
backside cover 103 covers the whole rear side of the rear case 102, it may include an
opening 103 (see FIG.4) configured to expose acamera 121 or an audio output unit
152 externally.

The cases 101, 102 and 103 can be formed by injection molding of synthetic resin or
can be formed of metal substance such as stainless steel (STS), titanium (Ti) or the like
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132, amicrophone 122, an interface 170 and the like can be provided to the case 101
or 102.

The display 151 occupies most of amain face of the front case 101. The audio output
unit 152 and the camera 121 are provided to an area adjacent to one of both end
portions of the display 151, while the user input unit 131 and the microphone 122 are
provided to another area adjacent to the other end portion of the display 151. The user
input unit 132 and the interface 170 can be provided to lateral sides of the front and
rear cases 101 and 102.

The input unit 130 is manipulated to receive acommand for controlling an operation
of the terminal 100. And, the input unit 130 is able to include aplurality of ma-
nipulating units 131 and 132. The manipulating units 131 and 132 can be named a ma-
nipulating portion and may adopt any mechanism of atactile manner that enables a
user to perform amanipulation action by experiencing atactile feeling.

Content input by the first or second manipulating unit 131 or 132 can be diversely
set. For instance, such acommand as start, end, scroll and the like isinput to the first
manipulating unit 131. In addition, acommand for a volume adjustment of sound
output from the audio output unit 152 and the like can be input to the second ma-
nipulating unit 132, acommand for a switching to atouch recognizing mode of the
display 151 and the like can be input to the third manipulating unit 133.

A button type is configured to recognize apressure applied by auser to each of the
manipulation units 131, 132 and 133. If atouch sensor isprovided to each of the ma-
nipulation units 131, 132 and 133 in addition to the display unit 151, auser s command
can be inputted by auser stouch.

FIG. 3isan exploded perspective diagram of the mobile terminal according to one
embodiment of the present invention. In FIG. 3 are shown aback cover 103, arear
case 102, amain circuit board 185, aheat exchanger 200, adisplay 151 and afront
case 101

The front case 101 and the rear case 102 are coupled to each other and a control
portion isformed there between. Electronic components are mounted in the control
portion. Specifically, various electronic components including the main circuit board
185, the heat exchanger 200 and the display 151 may be mounted in the control
portion.

Various electronic devices 184 are mounted on the main circuit board 185 to control
the mobile terminal 100 and it may be arranged apredetermined portion of the mobile
terminal. The electronic devices 184 include an AP (application process) chip
configured to drive OS and various applications, GPU (graphic processing unit) and a
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power management chip.

When using the mobile terminal, such the electronic devices 184 are continuously
operated and alot of heat is generated. FIG. 4 isadiagram illustrating thermal gradient
of aconventional mobile terminal. ® refers to the highest temperature and ® refers to
the lowest temperature. Asthe number is getting higher, it means that the temperature
is getting lower. The main circuit board 185 having the electronic devices 184
generating much heat mounted thereon is located in the predetermined portion of the
mobile terminal 100, such that the temperature in the portion can be different from the
temperature in the other portion.

The temperature of the mobile terminal 100 rises because of the heat concentrated on
the portion and it has influence on the performance of the mobile terminal, such that
the mobile terminal 100 may get too hot for the user to hold in the hand.

A stationary type termina such as a computer may include aradiation fan configured
to lower the temperature by flowing air near the main circuit board to sink the heat of
the main circuit board. Considering the portability, it isdifficult to use acooling
method using the radiation fan in the mobile terminal 100.

In the prior art the present invention pertains to, aheat radiating plate formed of a
material having ahigh thermal conductivity isused in diffusing the heat according to a
heat conduction method. Examples of such aheat radiating plate include a copper sheet
and a graphite sheet. However, such athermal conduction method has alimitation of
deteriorated heat transfer efficiency, compared with athermal convection method
having afluid transfer heat directly.

According to the present invention, aworking fluid 210 isinjected to the heat
exchanger 200 having aplurality of micro-paths 201to use convection of the working
fluid 210, such that the heat may be transferred to the heat generated portion to the
other portion. Accordingly, the heat may be prevented from being concentrated on a
specific portion of the mobile terminal and heat radiation performance may be
enhanced. A side of the heat exchanger 200 is arranged in the high temperature portion
of the mobile terminal and the other side of the heat exchanger 200 is arranged in the
relatively low temperature portion of the mobile terminal, such that the micro-paths
may be extended from the side to the other side.

Asshown in FIG. 3, the heat exchanger 200 may perform afunction of amiddle
frame configured to support the display 151 from aback surface of the display 151 as
well asthe heat radiation function.

In the middle frame may be formed a supporting structure to support the display 151,
the user input unit 131 and the main circuit board 185. The supporting structure
includes a small embossing portion. An injection molded portion 230 having the small
embossed portion may be integrally formed in aheat exchanging portion 220 having
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the paths in adouble-injection molding method.

Asshown in FIG. 3, the heat exchanger 200 functioned as the middle frame makes a
conventional middle frame omitted. The number of members can be reduced more than
the heat exchanger is additionally provided in the control portion and the thickness of
the mobile terminal can be prevented from increasing.

FIG. 5 shows aheat exchanger 200 functioned as aback cover according to another
embodiment. A back cover may be concavely recessed and a heat exchanging portion
220 may be inserted in the recessed portion. Alternatively, similar to the middle frame,
an injection molded portion 230 is double-injection molded in the heat exchanging
portion 220 having paths in aback cover shape and an external surface of the heat
exchanger is covered by afinishing material. Accordingly, the heat exchanger 200
functioned as the back cover may be provided.

FIG. 6isalongitudina sectiona diagram of the heat exchanger according to one em-
bodiment of the present invention.FIG. 7 is ahorizontal sectional diagram of the heat
exchanger according to one embodiment of the present invention. The heat exchanger
220 includes the plurality of the micro-paths 201 extended from adirection to the other
opposite direction (in the drawing, avertical direction). The working fluid 210 isfilled
in the micro-paths and the working fluid generates phase-change according to ambient
temperatures. The working fluid 210 is flowing with alternating aliquid state 211 and
agaseous state 212.

Such the heat exchanger having the working fluid 210 that vibrates and fluids in the
ligquid state and the gaseous state alternatively to generate the phase change is called as
Pulsating Heat Pipe (PHP). According to the present invention, the size of the
pulsating heat pipe isreduced and amicro PHP having micro-sized paths is provided in
the mobile terminal according to the present invention.

At this time, the size of each micro-path cannot be the same and the thickness of each
micro-path can be varied.

The heat exchanger 220 includes an evaporator (A) arranged in aportion and a
condenser (C) arranged in the other opposite portion and abubble/slug oscillation (B)
arranged between the evaporator (A) and the condenser (C). The heat is absorbed and
phase-changed into a gaseous state in the evaporator (A). The gaseous state heat is
flowing to the condenser (C) while phase-changed in the bubble/slug oscillation (B).
The condenser (C) emits the heat and re-generates phase-change into aliquid state. The
liquidized working fluid 210 flows to the evaporator (A) again.

The evaporator (A) ispositioned in the highest temperature portion of the mobile
terminal and the condenser (C) is positioned in the lowest temperature portion of the
mobile terminal. The working fluid 210 is lighter in the gaseous state 212 than in the
liquid state 211 and it has aproperty of moving in an opposite direction of the gravity.
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Accordingly, to make the heat exchanging performed more actively, the evaporator (A)
may be positioned in alower portion of the mobile terminal 100 and the condenser (C)
may be positioned in an upper portion of the mobile terminal 100.

When the main circuit board 185 is arranged in the lower portion of the mobile
terminal 100 as shown in FIG. 3, the heat exchanger 200 can be arranged with the
evaporator (A) arranged in the lower portion of the mobile terminal 100 and the
condenser positioned in the upper portion of the mobile terminal.

The micro-paths may be longitudinally formed from one side toward the other side to
penetrate the evaporator (A), the bubble/slug oscillation (B) and the condenser (C).
Each of the micro-paths 201 is connected to aneighboring path 201, to have a
serpentine curved structure. Both ends of the 4-line-structured micro path are
connected by a connection path 205 and such a connection path 205 may form a closed
loop type path. In the drawing, the paths form one closed loop. However, the paths
may form aplurality of closed loops.

In case of forming the closed loop, the working fluid can circulate along the closed

loop. Here, even if the micro-paths form the closed loop, the working fluid are not nec
essarily flowing along one direction and it ispartialy oscillating and flowing from one
direction to the other direction, with alternating the gaseous state and the liquid state.

The micro-paths 201 are formed by etching ametallic plate such as a steel use
stainless (SUS). Alternatively, micro-paths are formed in alaser etching method and a
metallic plate isdisposed on the micro-paths, only to form the heat exchanger 200.
When the micro-paths 201 are formed in a square shape as shown in FIG. 7, the
thickness per unit area can be reduced in comparison with circular shaped micro-paths
201. When forming the micro-paths 201 in the etching method, it iseasier to fabricate
the square shaped micro-paths than the circular shaped micro-paths.

The size of the path 201 may be several mm or hundreds of wwa. A hydraulic diameter
means adiameter of the converted path when an area of arectangular micro-path 201
isconverted into an area of acircular micro-path. The hydraulic diameter is adouble
value gained by multiplying avaue gained by multiplying two sides (D and H) of the
rectangular micro-path isdivided by avalue gained by adding the two sides (D and H).

In other words, the hydraulic diameter (Dh) is 2(DxH) / (D+H). the micro-path
having ahydraulic diameter of 500:m or more can be provided. The optimized
hydraulic diameter can be varied based on aboiling point and aviscosity point of a
solvent.

A following [Table 1] refers standards of various heat exchanger samples by differ-
entiating channel diameters and hydraulic diameters of the micro-paths 201 formed in
heat exchangers 200 having one size, to derive the optimized size of the micro-path.

[Table 1]
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FIG. 9isagraph illustrating thermal resistance based on the size of amicro-path
provided in the heat exchanger, atype of aworking fluid and an injection degree of the
working fluid according to one embodiment of the present invention, based on the heat
pipe samples shown in [Table 1]. Thermal resistance is an index showing whether heat
istransferred well and it refers to atemperature difference between one point where
the same amount of heat is applied and another point distant from the point. Asthe
thermal resistance is getting lower, heat transfer efficiency is getting higher and it
means that heat radiating performance is good.

Referring to FIG. 9, when the working fluid 210 is FC-72, the heat pipe 200 having a
hydraulic diameter of 714um has the best heat radiation efficiency. When the working
fluid 210 iswater, the heat pipe having ahydraulic diameter of 920xm has the best heat
radiation efficiency.

It isnot sure that the gap (G) between the paths 201 is closely related to the actual
performance. If the gap between the paths 201 istoo wide, the overall area of the
micro-paths 201 might be reduced. If it istoo narrow, the paths cannot be coupled to
the metallic plate disposed on the micro-paths 201 stably. Considering those problems,
the gap may be formed in aproper size, for example, approximately 1mm.

FIG. 8isasectional diagram illustrating that aworking fluid 210 filled in the heat
exchanging portion 220 according to one embodiment of the present invention is
flowing. When the working fluid 210 isinserted in the micro-paths, the micro-paths
are partidly filled with the working fluid and the other empty space is made vacuum or
lower-pressured.

When absorbing heat, the working fluid 210 may be evaporated and it is preferred
that the working fluid has alow boiling point. When using the working fluid having a
boiling point of 40°Cto 70°C under the atmospheric pressure, such aboiling point is
lowered under avacuum or low-pressured state. Then, the working fluid 210 can be
changed into agaseous state when the mobile terminal 100 is driven.

It ispreferred that perfluorocarbon compounds (PFCs) having arelatively lower
boiling point than water having arelatively high boiling point. PFC compounds are
non-toxic and have little evaporation heat, such that it can be phase-changed easily into
agaseous state.

Based on experiments, the working fluid 210 is FC-72 manufactured by 3M and it
has aboiling point of 56°C. The working fluid 210 can be gasified approximately at
40°C in avacuum state. As shown in FIG. 9, FC-72 has better efficiency than water.

The liquid state working fluid 210 absorbs the heat and evaporated into the gaseous
state and emits the heat. After that, the temperature of the working fluid 210 is lowered



18

WO 2014/181929 PCT/KR2013/007487

[138]

[139]

[140]

[141]

[142]

[143]

and phase-changed into aliquid state. The working fluid 212 evaporated after
absorbing the heat may not absorb heat and it is lighter than the liquid state working
state 211, to flow in the opposite direction of the gravity. At this time, when the micro-
paths 201 are connected to each other, the working fluid 210 filed in the micro-paths
201 repeats the expansion and contraction and the gasification and liquefaction and
generates aforce of pushing each other.

If asmall amount of working fluid 210 isinjected, the effect of pushing the working
fluid by the expansion could be decreased and acirculation speed of the working fluid
210 might be deteriorated disadvantageoudly. In contrast, if the micro-paths are filled
with the working fluid 210, there is an insufficient space where the working fluid has
to be expanded and efficient convection could not be generated. Because of that, the
micro-paths could be overheated and the heat exchanger 200 might be damaged.

Accordingly, more than 30% and 70% or less of the working fluid 210 may be
injected and an injection rate of the working fluid 210 can be variable according to the
types of the working fluid 210. When FC-72 isused asthe working fluid 210 based on
experiments as shown in FIG. 9, it is shown that injecting 50% of FC-72 has the best
efficiency. The micro-paths are partially filled with the working fluid 210 injected
therein and the other space of the micro-paths is made vacuum. To make the other
space of the micro-paths vacuum, the air inside the paths may be absorbed or aliquid
may be injected in avacuum or low-pressured chamber.

Asshown in FIG. 8, the injected working fluid 210 absorbs heat in the evaporator
(A) and the volume of the working fluid isincreased. Also, the phase of the working
fluid is changed and vapors 212 are formed. The size of the vapor 212 isincreasing
longitudinally as the working fluid is absorbing the heat more and more, and then the
vapors are flowing to the condenser (C). The working fluid 211 liquidized by emitting
the heat and small-sized in the condenser (C) may flow to the evaporator (A) along the
micro-paths 201.

Asmentioned above, agasislighter than aliquid and has aproperty of moving in the
opposite direction of the gravity. The micro-paths 201 may be formed in upward/
downward direction and electronic components generating much heat may be arranged
in agravity direction (adownward direction), for example, the main circuit board 185.

When the user uses the mobile terminal 100, with holding it in ahorizontal direction,
the speed of the gaseous working fluid 210 flowing along the micro-paths 201 the
might be decreased. As shown in FIG. 10, the micro-paths 201 may be obliquely
formed in adiagonal direction the working fluid 210 may flow even in case the user
holds the mobile terminal in the hand in ahorizontal direction.

Moreover, the mobile terminal 100 according to the present invention may further
include an oscillator 186. The oscillator 186 is a device that generates vibration in the
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mobile terminal 100 for an alarm function and the like. When the oscillator 186 is
driven, the flow of the working fluid 210 is activated fast in the heat exchanger 100.

FIG. 11isagraph illustrating thermal resistance based on whether to use an os-
cillator 186 of the mobile terminal 100 according to the embodiment of the present
invention. Thermal resistance islowered more by 9% and heat radiation efficiency is
deteriorated in case of using the oscillator 186 (©) than in case of not using the os-
cillator 186.

The oscillator 186 may be driven when the temperature of the mobile terminal rises
higher than the operation temperature of the heat exchanger 200. The operation tem-
perature of the heat exchanger 200 refers to the temperature at which the vibration of
the working fluid 210 starts once the evaporation of the working fluid starts. when the
temperature of the mobile terminal reaches 25°C to 30°C, the working fluid 210 starts
to vibrate and the oscillator 196 may be set to operate in that range of temperatures.

Also, when the oscillator 186 is continuously vibrated, the user could feel uncom-
fortable. Accordingly, the oscillator 186 may be controlled to drive intermittently or
the user can control the driving of the oscillator 186 freely.

According to at least one embodiments of the present invention, the mobile terminal
100 including the heat exchanger 200 may use a convection method instead of the con-
ventional conduction type heat radiation method and enhance the heat radiation ef-
ficiency. The heat exchanger 200 including the micro-paths 201 having the hydraulic
diameter of approximately 700xm may be provided. When injecting 50% of FC-72 as
the working fluid 210, the thermal resistance can be lowered by approximately 50%,
compared with the graphite sheet. Accordingly, the heat radiation efficiency can be
increased by approximately 150% or more.

Furthermore, the heat exchanger may be functioned as the middie frame configured
to support the display aswell asthe heat radiating function. When using the heat
exchanger according to the present invention, instead of the middle frame, the heat
radiation efficiency may be enhanced, without increasing the number of components.

when aparticular feature, structure, or characteristic isdescribed in connection with
any embodiment, it issubmitted that it iswithin the purview of one skilled in the art to
effect such feature, structure, or characteristic in connection with other ones of the em-
bodiments.

Although embodiments have been described with reference to anumber of il-
lustrative embodiments thereof, it should be understood that numerous other modi-
fications and embodiments can be devised by those skilled in the art that will fall
within the spirit and scope of the principles of this disclosure. More particularly,
various variations and modifications are possible in the component parts and/or ar-
rangements of the subject combination arrangement within the scope of the disclosure,
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the drawings and the appended claims. In addition to variations and modifications in
the component parts and/or arrangements, alternative uses will also be apparent to
those skilled in the art.
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Claims

A mobile terminal comprising:

acase comprising acontrol portion provided therein;

adisplay coupled to the case;

amain circuit board mounted in a predetermined portion of the control
portion;

aheat exchanger having aportion arranged adjacent to the main circuit
board, with aplurality of micro-paths extended from the portion to the
other portion, each of the micro-paths connected to aneighboring one
to form aclosed loop; and

aworking fluid configured to absorb heat in the portion and emit the
heat in the other portion, to be liquefied, the working fluid configured
to vibrate along the micro-paths,

wherein gaseous state working fluid and liquid state working fluid are
mixed intermittently.

The mobile terminal according to claim 1, wherein the heat exchanger
is amiddle frame configured to support aback surface of the display.
The mobile terminal according to claim 1, wherein the heat exchanger
is aback cover detachably coupled to aback surface of the case.

The mobile terminal according to claim 1, wherein the heat exchanger
is comprising:

aheat exchanging portion where the micro-paths are formed; and

an injection molded portion coupled to the heat exchanging portion in a
double injection molding method.

The mobile terminal according to claim 1, wherein the micro-paths
form a serpentine structure, and

further comprising a connection path configured to connect both ends
of the serpentine structure.

The mobile terminal according to claim 1, wherein the portion is a
lower portion of the mobile terminal and the other portion is an upper
portion of the mobile terminal, and

the micro-paths are formed in avertical direction.

The mobile terminal according to claim 1, wherein the micro-paths are
obliquely formed in adiagonal direction with respect to the mobile
terminal.

The mobile terminal according to claim 1, wherein across section of a
micro-path isrectangular.
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The mobile termina according to claim 1, wherein ahydraulic diameter
of the micro-path is500xm or more and 1000.m or less.

The mobile termina according to claim 1, wherein the working fluid is
injected in the micro-paths by 30% or more and 70% or more of the
volume.

The mobile termina according to claim 1, wherein aboiling point of
the working fluid is 40°C or more and 70°C or less.

The mobile termina according to claim 1, wherein the working fluid is
perfluorocarbon (PFCs) compound.

The mobile termina according to claim 1, further comprising:
aoscillator configured to apply vibration to the heat exchanger,
wherein the oscillator is driven when the temperature of the mobile
terminal is an operation temperature of the heat exchanger or more.
The mobile termina according to claim 13, wherein the oscillator is
driven at predetermined intervals intermittently.



1/11

WO 2014/181929 PCT/KR2013/007487
[Fig. 1]
100
L 110 Power supply  |F——190 150
Wireless Output unit
communication unit ,
Display 151
11—t Broadcast
receiving module Audio output module H—152
Mobile Alarm unit 153
112~ communication
module Haptic module ~ p—~154
it Wireless L 130
13 Internet module 180
Short-range User input unit
114~ communication Controller
module Button 136
|| Position-location Touch sensor — [1=—137
115~
module
120~  A/V input unit
121—T Camera
122—  Microphone
140~ Sensing unit
141~ Proximity Sensor Multimedia | e
) dul
142~ Illuminance Sensor moaue Memory L 160
Interface unit 170




2/11

WO 2014/181929 PCT/KR2013/007487
[Fig. 2]
100
152
133

Va 102
I~ 121

—— 141




3/11

PCT/KR2013/007487

WO 2014/181929

[Fig. 3]




111111111111




5/11

PCT/KR2013/007487

WO 2014/181929

[Fig. 5]

100

101




6/11

WO 2014/181929
[Fig. 6]

20

A T—

201t

PCT/KR2013/007487



7/11

WO 2014/181929 PCT/KR2013/007487

[Fig. 7]

220

A

\

.
N\

[\
(e
—_—



8/11

PCT/KR2013/007487

WO 2014/181929

[Fig. 8]

220

(] [aa] T
" e ~ s ~
YA INEN X@N N NN PN N NN AN M

INEN NEON N¢ NN EGNESN NGNEGN NONEN NONGN NBNGN NONEGN
W ) INNANY N R NN N NG N N¢ N N¢
N X N I NEDNNNN¢ NN IN N¢ N N M
W N R PNNE NN INNENNE NN NGNS NEBNE NN INEN
IR RXY NG NN )N N NN NN NN EN ﬂ
W INEN ¢ INNEN (NN ENG NG N N¢ NN N { IN N¢

( NN NN X T PNED NN T RN INNENN 7%
AW N N N¢ N C INNENNNE PNNEN NN PANNNG
N PN NONEN N¢ INNEN NN INEN SCIXC INGN N PG NN 7@

NSNS\ N )N LXK N X NCRCRCRCR N INEN I

NN INEN SC R PN ED NN PN ED NN R X X N¢
W N¢ JANNN¢ JNNED NN NN E NN PN NEN
NEXNGN N NN N N DINNNEED NN NN\ INNGN NEBNNNNGN R R A7M
W S INNEN NSNEG NN PN NGB N¢ N N¢ )N
X¢ NGNS INEINEN N¢ INNEDNNNN JRNNEN NS )N AVM
W { INNEDN X NGNS N N R N Nt INNERN W I\ NEGN N
N N NEN NN N4 INE NN G NN N NERNGNE NN N N{ INENNEN /_M
YW N¢ NN IN N N N N NGNS NN JNE NN ¢ INNEN X@N
NGN NG N \¢ PNEN N4 JPNNEN N N ﬂ
WA N NG N N¢ N SC IO N N NN N N NEGN
N N¢ PNENN IN N PNNNN¢ INEN NED NN INEN N@N N¢ INNEGN NEN
W ¢ RN IX NEN NEGN N¢ PANNN INNEN NGNS PN AN R NGN
N¢ INNNNEN NEN xw,/_ X¢ ,, X NEN N R N VM
1
= =
[
by



9/11

WO 2014/181929 PCT/KR2013/007487

[Fig. 9]
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[Fig. 11]
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