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(54) Title: CIRCUIT STRUCTURE AND MOBILE TERMINAL

(57) Abstract: A circuit structure and a mobile terminal having a circuit structure
are disclosed. The circuit structure may include two transmission lines that extend
in a first direction to transmit a signal, and a guard pattern provided between the
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two transmission lines. The guard pattern may include a plurality of slots each
having an open end and a closed end in a second direction. The guard pattern ar-
ranged between the transmission lines may lower cross talk by adjusting mutual
capacitance so as to improve signal quality.



WO 2017/126750 A1 AT 00T 00 0 A O

84)

DO, DZ, EC, EF, EG, ES, FL, GB, GD, GE, GH, GM,
GT, HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN,
KP, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW.

kind of regional protection available): ARTIPO (BW, GH,

GM, KF, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF,
SL SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA,
GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Published:
Designated States (unless otherwise indicated, for every

with international search report (Art. 21(3))



[1]

[2]

[3]

[4]

[5]

[6]

WO 2017/126750 PCT/KR2016/006102

Description
Title of Invention: CIRCUIT STRUCTURE AND MOBILE

TERMINAL
Technical Field

Embodiments relate to a circuit structure and a mobile terminal including a circuit
structure.
Background Art

Terminals may be classified as mobile/portable terminals or stationary terminals
according to their mobility. Mobile terminals may also be classified as handheld
terminals or vehicle mounted terminals according to whether or not a user may carry or
hold the terminal. Mobile terminals may be used for data and voice communications,
capturing images and video via a camera, recording audio, playing music files via a
speaker system, and displaying images and video on a display, for example. Mobile
terminals may include support game playing or multimedia players and may be
configured to receive broadcast and multicast signals, which may permit viewing of
content, such as, e.g., videos and television programs.

As mobile terminal usage becomes increasingly popular, more components may be
mounted smaller-sized mobile terminals, and much more data may travel through
circuits in the mobile terminals. Accordingly, mobile terminals may have more com-
plicated and integrated structures. Circuits in mobile terminals use electromagnetic
signals, and, if many circuit lines are arranged close to each other, interference may

occur in the circuit lines and thus, may generate noise.
Disclosure of Invention

Technical Problem

According to embodiments disclosed herein, a mobile terminal including a circuit
structure may be capable of reducing noise, which may be generated by cross talk,
even without enlarging a gap between transmission lines.
Solution to Problem

Embodiments disclosed herein provide a circuit structure including: two transmission
lines extended in a first direction and configured to transmit a signal; and a first guard
pattern provided between the two lines, the first guard pattern preventing electrical in-
terference between the two transmission lines, wherein the first guard pattern
comprises a plurality of slots, at least one of the slots having an open end and a closed
end in a second direction.

The first guard pattern may include a first pattern extended in the first direction; and

a plurality of second patterns extended in a second direction which is perpendicular to
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the first direction and configured to intersect the first pattern at right angles, and the
first pattern and the second patterns form the slots.

The slits may be configured with the first pattern and the second patterns.

The plurality of the second patterns may be spaced apart at equidistant intervals. The
equidistant internal may be 1/200 of a wavelength of a transmitted signal.

The second pattern may be partially positioned in the first pattern, and the other area
of the first pattern not overlapped with or intersecting the second pattern may have a
first width in the second direction, and the area of the first pattern overlapped with or
intersecting the second pattern may have a second width in the second direction.

The length of the second pattern along the second direction may be corresponding to
the first width.

The first pattern may gradually change in a section where the first width of the first
pattern changes into the second width.

The second width may be 3 times or more of the width of the transmission lines
along the second direction.

The circuit structure may further include a plurality of vias formed in the first guard
pattern.

The plurality of the vias may be formed in a center area of the first pattern.

The plurality of the vias may be formed in the overlapped area of the first and second
patterns.

The plurality of the vias may be formed in one end of the second pattern in the
second direction.

The circuit structure may further include a second guard pattern provided in an outer
area from the two transmission lines.

The circuit structure may further include a first layer comprising the two
transmission lines, the first guard pattern and the second guard pattern; a second layer
positioned under the first layer, and comprising a third guard pattern connected with
the first guard pattern via the vias and a fourth guard pattern connected with the second
guard pattern via the via; and a third layer positioned under the second layer, and
comprising a fifth guard pattern connected with the first guard patter, the second guard
pattern, the third guard pattern and the fourth guard pattern via the vias.

The width of the third guard pattern may be corresponding to the width of the first
guard pattern.

Each of the first, second and third layers may include an insulative film configured to
distinguish the first, second, third, fourth and fifth guard patterns and the transmission
lines from each other.

The plurality of the slots may be arranged symmetrically in the second direction.

The plurality of the slots may be arranged in the first direction, and the open ends
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may be alternatively arranged in one area and the other area with respect to the second
direction.
Embodiments disclosed herein provide a mobile terminal including a case; and a

main board comprising an upper main board provided in an upper area within the case,
a lower main board provided in a lower area within the case and a connection board
connecting the upper main board and the lower main board with each other, wherein
the connection board includes two transmission lines extended in a first direction and
configured to transmit a signal; and a guard pattern provided between the two
transmission lines, the guard pattern preventing electrical interference between the two
transmission lines and including a plurality of slots, at least one of the slots having an

open end and a closed end in a second direction.

Advantageous Effects of Invention

According to the embodiments of the present disclosure, the guard pattern is
arranged between the transmission lines in the circuit structure in accordance with the
present disclosure and the cross talk is lowered by adjusting the mutual capacitance.
Accordingly, the quality of the signal may be improved.

Moreover, the slots formed in symmetry are formed in the first guard pattern. Ac-
cordingly, needless or abnormal resonance and noise and the quality of the signal may
be improved.

Also, the width of the first guard pattern is 3 times or more of the transmission lines.
Accordingly, signal transmission efficiency may be improved.

Brief Description of Drawings

FIG. la is a block diagram of a mobile terminal in accordance with an embodiment;

Figures 1b and lc are conceptual views of the mobile terminal of FIG. 1a viewed
from different directions;

FIG. 2 is an exploded perspective diagram of a mobile terminal according to an em-
bodiment;

FIG. 3 is a diagram of a circuit structure or circuit according to an embodiment;

FIG. 4 is a conceptual diagram of cross talk between transmission lines and a corre-
sponding mathematical equation;

FIG. 5 is a diagram of a circuit structure or circuit according to another embodiment;

FIG. 6 is a diagram of a circuit structure or circuit according to another embodiment;

FIG. 7 is a graph illustrating cross talk of circuit structures shown in Figures 3, 5 and
6 for each frequency;

FIG. 8 is an exploded perspective diagram of FIG. 6;

FIG. 9a is a sectional diagram along A-A of FIG. 6; and

FIG. 9b is a sectional diagram along B-B of FIG. 6.
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Mode for the Invention

Referring to Figures la-1c, FIG. 1a is a block diagram of a mobile terminal
according to an embodiment, and Figures 1b and lc are conceptual views of the mobile
terminal of FIG. 1a viewed from different directions. The mobile terminal 100 may
include a wireless communication unit or communicator 110, an input unit or input
120, a sensing unit or sensor 140, an output unit or output 150, an interface unit or
interface 160, a memory 170, a controller 180, and a power supply unit 190. Im-
plementing all of the illustrated components is not a requirement, and that greater or
fewer components may alternatively be implemented.

Referring to FIG. 1a, the mobile terminal 100 may include the wireless commu-
nication unit 110 configured with several components. For instance, the wireless com-
munication unit 110 may include one or more components that permit wireless com-
munication between the mobile terminal 100 and a wireless communication system or
network, within which the mobile terminal may be located. The wireless commu-
nication unit 110 may include one or more modules, which may permit commu-
nications, for example, wireless communications, between the mobile terminal 100 and
a wireless communication system, communications between the mobile terminal 100
and another mobile terminal, and communications between the mobile terminal 100
and an external server. Further, the wireless communication unit 110 may include one
or more modules, which may connect the mobile terminal 100 to one or more
networks.

To facilitate such communications, the wireless communication unit 110 may include
one or more of a broadcast receiving module 111, a mobile communication module
112, a wireless Internet module 113, a short-range communication module 114, and a
location information module 115.

The input unit 120 may include a camera 121 to obtain images or video, a mi-
crophone 122, which may be one type of audio input device for inputting an audio
signal, and a user input unit or portion 123, such as, e.g., a touch key, a push key, a
mechanical key, a soft key, to allow a user to input information. Data, such as, e.g.,
audio, video, and images, may be obtained by the input unit 120 and may be analyzed
and processed by controller 180 according to device parameters, user commands, and
combinations thereof.

The sensing unit 140 may include one or more sensors configured to sense, for
example, internal information of the mobile terminal, the surrounding environment of
the mobile terminal, and user information. For example, as shown in FIG. 1a, the
sensing unit 140 may include a proximity sensor 141 and an illumination sensor 142.

The sensing unit 140 may alternatively or additionally include other types of sensors or
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devices, such as, e.g., a touch sensor, an acceleration sensor, a magnetic sensor, a G-
sensor, a gyroscope sensor, a motion sensor, an RGB sensor, an infrared (IR) sensor, a
finger scan sensor, a ultrasonic sensor, an optical sensor, for example, camera 121, a
microphone 122, a battery gauge, an environment sensor, for example, a barometer, a
hygrometer, a thermometer, a radiation detection sensor, a thermal sensor, and a gas
sensor, among others, and a chemical sensor, for example, an electronic nose, a health
care sensor, and a biometric sensor, to name a few. The mobile terminal 100 may be
configured to utilize information obtained from sensing unit 140, and information
obtained from one or more sensors of the sensing unit 140, and combinations thereof.

The output unit 150 may be configured to output various types of information, such
as, e.g., audio, video, and tactile output. The output unit 150 may include a display unit
or display 151, an audio output module 152, a haptic module 153, and an optical
output module 154. The display unit 151 may have an inter-layered structure or an in-
tegrated structure with a touch sensor in order to provide a touch screen. The touch
screen may provide an output interface between the mobile terminal 100 and a user, as
well as function as the user input unit 123, which may provide an input interface
between the mobile terminal 100 and the user.

The interface unit 160 may serve as an interface with various types of external
devices that can be coupled to the mobile terminal 100. The interface unit 160, for
example, may include any of wired or wireless ports, external power supply ports,
wired or wireless data ports, memory card ports, ports for connecting a device having
an identification module, audio input/output (I/0) ports, video 1/O ports, and earphone
ports. The mobile terminal 100 may perform assorted control functions associated with
a connected external device in response to the external device being connected to the
interface unit 160.

The memory 170 may store data to support various functions or features of the
mobile terminal 100. For example, the memory 170 may be configured to store ap-
plication programs executed in the mobile terminal 100 and data or instructions for op-
erations of the mobile terminal 100. Some of these application programs may be
downloaded from an external server via wireless communication. Other application
programs may be installed within the mobile terminal 100 at a time of manufacturing
or shipping, for example, basic functions of the mobile terminal 100, such as, e.g.,
receiving a call, placing a call, receiving a message, and sending a message. Ap-
plication programs may be stored in the memory 170, installed in the mobile terminal
100, and executed by the controller 180 to perform an operation or function for the
mobile terminal 100.

The controller 180 may control overall operation of the mobile terminal 100, in

addition to operations associated with the application programs. The controller 180
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may provide or process information or functions by processing signals, data, and in-
formation input or output by the various components depicted in Fig. 1a, or activating
application programs stored in the memory 170. The controller 180 may control some
or all of the components illustrated in Figures 1a-1c according to an application
program that may have been stored in the memory 170.

The power supply unit 190 may be configured to receive external power or provide
internal power in order to supply power to operate elements and components included
in the mobile terminal 100. The power supply unit 190 may include a battery, and the
battery may be configured to be embedded in the terminal body, or configured to be
detachable from the terminal body.

Referring to Figures 1b and lc, the mobile terminal 100 may be a bar-type terminal
body, but embodiments are not limited thereto. For example, configurations of the
mobile terminal 100 may include a watch-type, a clip-type, a glasses-type, or as a
folder-type, flip-type, slide-type, swing-type, and swivel-type, in which two and more
bodies may be combined with each other in a relatively movable manner, and com-
binations thereof. Discussion herein may often relate to a particular type of mobile
terminal, however, such teachings with regard to a particular type of mobile terminal
apply to other types of mobile terminals as well. For example, the terminal body may
be a unit-body and may be configured to define an inner space of the mobile terminal.

As illustrated in FIG. 2, the mobile terminal 100 may include a front case 101
supporting a back side of the display unit 151, a main board 185 arranged in a back
side of the display unit, a rear case coupled to the front case 101 at a back side of the
main board 185, and a battery cover 193 configured to cover the rear case 102 and a
battery 191. The mobile terminal 100 may include a case, such as, e.g., a frame,
housing, and cover, that forms an appearance of the terminal. The case may be formed
using a front case 101 and a rear case 102. Various electronic components may be in-
corporated into a space formed between the front case 101 and the rear case 102. At
least one middle case may be positioned between the front case 101 and the rear case
102.

The display unit 151 may be located on a front side of the terminal body to output in-
formation. As illustrated, a window 151a of the display unit 151 may be mounted to
the front case 101 to form the front surface of the terminal body together with the front
case 101. Electronic components may also be mounted to the rear case 102. Examples
of such electronic components may include a detachable battery 191, an identification
module, a memory card, and the like. A rear cover 103 may cover the electronic
components, and may be detachably coupled to the rear case 102. Therefore, when the
rear cover 103 is detached from the rear case 102, the electronic components mounted

to the rear case 102 may be exposed. When the rear cover 103 is coupled to the rear
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case 102, a side surface of the rear case 102 may be partially exposed. Upon coupling,
the rear case 102 may also be completely shielded by the rear cover 103. Alternatively,
the rear cover 103 may include an opening for externally exposing a camera 121b or an
audio output module 152b. The cases 101, 102, 103 may be formed by injection-
molding synthetic resin or may be formed of a metal, for example, stainless steel
(STS), aluminum (Al), and/or titanium (T1).

As an alternative to an embodiment in which the plurality of cases form an inner
space for accommodating components, the mobile terminal 100 may be configured
such that one case forms the inner space. For example, a mobile terminal 100 having a
uni-body may be formed in such a manner that synthetic resin or metal may extend
from a side surface to a rear surface. If desired, the mobile terminal 100 may include a
waterproofing unit to prevent introduction of water into the terminal body. For
example, the waterproofing unit may include a waterproofing member located between
the window 151a and the front case 101, between the front case 101 and the rear case
102, or between the rear case 102 and the rear cover 103, to hermetically seal an inner
space when those cases are coupled.

As shown in Figures 1b and 1c, the mobile terminal 100 may include the display unit
151, first and second audio output modules 152a and 152b, a proximity sensor 141, an
illumination sensor, an optical output module 154, first and second cameras 121a and
121b, first and second manipulation units or buttons 123a and 123b, a microphone 122
and an interface unit 160. Figures 1b and 1c show an embodiment of the mobile
terminal 100 having various modules and components. A front side of the terminal
body may include the first display unit 151, the first audio output module 152a, the
proximity sensor 141, the illumination sensor 142, the optical output module 154, the
first camera 121a and the first manipulation unit 123a. A lateral side of the terminal
body may include the first manipulation unit 123b, the microphone 122 and the
interface unit 160. A back side of the terminal body may include the second audio
output module 152b and the second camera 121b.

The illustrated arrangement of the components in Figures 1b and lc is not required,
and alternative arrangements may be possible and within the teachings of the present
disclosure. Some components may be omitted or rearranged. For example, the first ma-
nipulation unit 123a may be located on another surface of the terminal body, and the
second audio output module 152b may be located on the side surface of the terminal
body.

The display unit 151 may be configured to output information processed in the
mobile terminal 100. For example, the display unit 151 may display screen information
of an application program being executed at the mobile terminal 100 or user interface

(UI) and graphic user interface (GUI) information in response to the screen in-
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The display unit 151 may output information processed in the mobile terminal 100.
The display unit 151 may be, for example, a liquid crystal display (LCD), a thin film
transistor-liquid crystal display (TFT-LCD), an organic light emitting diode (OLED), a
flexible display, a 3-dimensional (3D) display, an e-ink display, and combinations
thereof. The display unit 151 may be two display devices, which may implement sub-
stantially the same or different display technology. For instance, a plurality of the
display units 151 may be arranged on one side, spaced apart from each other, or may
be integrated, or may be arranged on different surfaces.

The display unit 151 may also include a touch sensor that senses a touch input
received at the display unit. When the display unit 151 is touched, the touch sensor
may be configured to sense a touch and the controller 180, for example, may generate
a control command or other signal corresponding to the touch. The content input via
the touch may be a text or numerical value, or a menu item, which may be indicated or
designated in various modes. The touch sensor may be a film having a touch pattern
provided between the window 151a and a display on a rear surface of the window
151a, or a metal wire patterned directly on the rear surface of the window 151a. Alter-
natively, the touch sensor may be integrally formed with the display. For example, the
touch sensor may be provided on a substrate of the display or within the display.

The display unit 151 may also include a touch screen together with the touch sensor.
The touch screen may serve as the user input unit 123 (see FIG. 1A). Therefore, the
touch screen may replace at least some of the functions of the first manipulation unit
123a.

The first audio output module 152a may be a speaker to output, for example, voice
audio, alarm sounds, multimedia audio reproduction. The window 151a of the display
unit 151 may include an aperture to permit audio generated by the first audio output
module 152a to pass. One alternative may be to allow audio to be released along an
assembly gap between the structural bodies, for example, a gap between the window
151a and the front case 101. Thus, a hole independently formed to output audio sounds
may not be seen or may be otherwise hidden in terms of appearance, thereby sim-
plifying the appearance and manufacturing of the mobile terminal 100.

The optical output module 154 may be configured to output light to indicate an event
generation, such as, for example, a message reception, a call signal reception, a missed
call, an alarm, a schedule notice, an email reception, and information reception through
an application. When a user has checked a generated event, the controller may control
the optical output unit 154 to stop the light output. The first camera 121a may process
image frames, such as, e.g., still or moving images obtained by the image sensor, in a

capture mode or a video call mode. The processed image frames may then be displayed
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on the display unit 151 or stored in the memory 170.

The first and second manipulation units 123a and 123b may be examples of the user
input unit 123, which may be manipulated by a user to provide input to the mobile
terminal 100. The first and second manipulation units 123a and 123b may also be
referred to as a manipulating portion, and may employ tactile methods that allow the
user to perform manipulation, such as, e.g., touch, push, and scroll. The first and
second manipulation units 123a and 123b may also employ non-tactile methods that
allow the user to perform manipulation, such as, e.g., proximity touch and hovering.

As shown in FIG. 1b, the first manipulation unit 123a may be a touch key, but
possible alternatives include a mechanical key, a push key, a touch key, and com-
binations thereof. Input received at the first and second manipulation units 123a and
123b may be used in various ways. For example, the first manipulation unit 123a may
be used by the user to provide an input to a menu, home key, cancel, and search, and
the second manipulation unit 123b may be used by the user to provide an input to
control a volume level being output from the first or second audio output modules 152a
or 152b and to switch to a touch recognition mode of the display unit 151.

The user input unit 123 may include a rear input unit located on the rear surface of
the terminal body. The rear input unit may be manipulated by a user to provide input to
the mobile terminal 100. The input may be used in a variety of different ways. For
example, the rear input unit may be used by the user to provide an input for power on/
off, start, end, scroll, control volume level being output from the first or second audio
output modules 152a or 152b, and switch to a touch recognition mode of the display
unit 151. The rear input unit may be configured to permit touch input, a push input, or
combinations thereof.

The rear input unit may be located to overlap the display unit 151 in a thickness
direction of the terminal body. The rear input unit may be located on an upper end
portion of a rear side of the terminal body such that a user may easily manipulate it
when the user grabs the terminal body with one hand. Alternatively, the rear input unit
may be positioned at any location of the rear side of the terminal body. Embodiments
that include the rear input unit may implement some or all of the functionality of the
first manipulation unit 123a in the rear input unit. As such, if the first manipulation
unit 123a is omitted from the front side, the display unit 151 may have a larger screen.

The mobile terminal 100 may include a finger scan sensor, which may scan a fin-
gerprint. The controller 180 may use fingerprint information sensed by the finger scan
sensor as part of an authentication procedure. The finger scan sensor may also be
installed in the display unit 151 or at the user input unit 123. The microphone 122 may
be located at an end of the mobile terminal 100, but other locations may be possible. If

desired, multiple microphones may be implemented, with such an arrangement
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permitting receiving of stereo sounds.

The interface unit 160 may allow the mobile terminal 100 to interface with external
devices. For example, the interface unit 160 may include one or more of a connection
terminal to connect to another device, for example, an earphone and an external
speaker, a port for near field communication, for example, an Infrared Data As-
sociation (IrDA) port, a Bluetooth port, and a wireless LAN port, or a power supply
terminal to supply power to the mobile terminal 100. The interface unit 160 may be a
socket that accommodates an external card, such as, e.g., a Subscriber Identification
Module (SIM), User Identity Module (UIM), or a memory card for information
storage.

The second camera 121b may be located at the rear side of the terminal body and
include an image capturing direction that is substantially opposite to the image
capturing direction of the first camera unit 121a. If desired, second camera 121a may
be located at other locations, or made to be moveable, in order to have a different
image capturing direction from an image capturing direction shown in FIG. lc. The
second camera 121b may include a plurality of lenses arranged along at least one line.
The plurality of lenses may also be arranged in a matrix configuration. The cameras
may be referred to as an "array camera.” When the second camera 121b is an array
camera, images may be captured in various manners using the plurality of lenses, and
images with better qualities may result. As shown in FIG. Ic, a flash 124 may be
adjacent to the second camera 121b. When an image of a subject is captured with the
camera 121b, the flash 124 may illuminate the subject.

As shown in FIG. 1b, the second audio output module 152b may be located on the
terminal body. The second audio output module 152b may provide stereophonic sound
functions in conjunction with the first audio output module 152a, and may be also used
in a speaker phone mode for call communication.

At least one antenna for wireless communication may be located on the terminal
body. The antenna may be installed in the terminal body or formed by the case. For
example, an antenna that forms a part of the broadcast receiving module 111 may be
retractable into the terminal body. Alternatively, an antenna may be formed using a
film attached to an inner surface of the rear cover 103, or a case that includes a
conductive material.

A power supply unit 190 for supplying power to the mobile terminal 100 may
include a battery 191 mounted in the terminal body or detachably coupled to an outside
of the terminal body. The battery 191 may receive power via a power source cable
connected to the interface unit 160. Also, the battery 191 may be recharged wirelessly
using a wireless charger. Wireless charging may occur via magnetic induction or elec-

tromagnetic resonance. The rear cover 103 may be coupled to the rear case 102 to
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shield the battery 191, to prevent separation of the battery 191, and to protect the
battery 191 from an external impact and from foreign material. When the battery 191 is
detachable from the terminal body, the rear case 103 may be detachably coupled to the
rear case 102.

Referring to FIG. 2, the controller 180 may be provided on a type of a main board
such as a printed circuit board, on which having diverse chips may be mounted.
Various chips may be mounted on the main board 185 and may control the display unit
and the audio output modules so that the controller may provide the user with in-
formation and process function commands or operations input via the user input unit
and the one or more of the sensors and cameras.

If embodiments of the display unit of the mobile terminal become larger and an
overall area of a front side becomes larger, the mobile terminal may retain a slim
design, and the battery and the main board may be arranged on the same plane. The
user input unit may be arranged in or at a lateral side of the mobile terminal and the
camera, the audio output module and the diverse sensors may be arranged in or at an
upper portion of the front side of the mobile terminal. The interface unit, the ear jack,
the speaker and antenna may be provided. Accordingly, such arrangements of the
components may be different from a simple arrangement, in which the main board and
the battery may be arranged in one portion and the other opposite portion, respectively.

The main board 185 may be divided into upper and lower main boards with respect
to the battery 191, with a connection board 200 to connect the upper and lower main
boards with each other. The connection board 200 may be provided on the right or left
of the battery 191, and the main board 185 may be configured with the upper main
board, the lower main board and the connection board arranged in a C -shape.

A plurality of transmission lines 211 may be arranged in the connection board 200 to
connect the upper main board and the lower main board with each other. To minimize
interference between them, the transmission lines 211 may be spaced as far as possible
from each other. However, an inner space of the terminal may limit a distance between
each two of the transmission lines 211. Other configurations may be provided between
the transmission lines 211 to minimize the interference therebetween in the inner
space.

FIG. 3 is a diagram of a circuit structure or circuit shown in A of FIG. 2. Referring to
FIG. 3, a circuit structure 200 may include two transmission lines 211 extended in a
first direction, or a vertical direction as shown. However, embodiments may be applied
to a circuit structure 200 having more than two transmission lines 211. Embodiments
as shown may be applicable not only to the connection board of the mobile terminal
but also to the upper and lower main boards, even to a chip-unit circuit, as the circuit

structure 200 may reduce the interference between the transmission lines 211.
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A first guard pattern 215 may be arranged between the two transmission lines 211
extended in the first direction, so that a possibility of interference between the
transmission lines may be excluded. When the first guard pattern 215 is arranged
between the two transmission lines 211 as shown in FIG. 3, an electromagnetic wave
of one transmission line 211 may be blocked by the first guard pattern 215 and may
have no influence on the other transmission line 211. A second guard pattern 218 may
be formed in or at an outer portion with respect to the two transmission lines 211, and
the second guard pattern 218 may block an external electromagnetic wave, which
might have influence on the transmission lines 211, so as to prevent noise from being
generated in the signal.

A printed circuit board may be configured with a plurality of layers 210, 220 and 230
(see FIG. 8). As shown in FIG. 8, the layers may include insulative films 240a, 240b
and 240c and conductive patterns 211, 215, 218, 225, 228 and 235, respectively. The
conductive patterns may be formed on the insulative films, respectively. A via 217
may connect the conductive patterns 211, 215, 218, 225, 228 and 235 of the layers
with each other. The via 217 may be an electric current structure with a via hole 217a
(see FIG. 9a) filled with a conductive material or of which a wall may be coated with
the conductive material, so that the conductive patterns 211, 215, 218, 225, 228 and
235 formed in the layers 240a, 240b and 240c may connect with each other. The
connection board or circuit structure 200 may also be configured with a plurality of
layers, and a third guard pattern 225 may be formed in or at a different layer. The first,
second and third guard patterns 225 may be connected by the via 217. The layers 210,
220 and 230 may be provided sequentially and connected with each other by the via
217, and a wide guard pattern may be realized in a space.

FIG. 4 is a conceptual diagram and a corresponding mathematical equation of cross
talk between the transmission lines 211. The cross talk may represent interference
generated between the transmission lines 211. A signal of one transmission line 211
may flow to the other transmission line 211 and generate noise.

Each of the transmission lines 211 may have a self capacitance (Cs) and a self in-
ductance (Ls), and the self capacitance (Cs) and the self inductance (Ls) of one
transmission line 211 may be equal to those of another transmission line 211 for the
sake of description. A mutual capacitance (Cm) and a mutual inductance (L. m) may be
provided between the transmission lines 211. When a conductive material or the first
guard pattern 215 is provided between the transmission lines 211, the mutual ca-
pacitance (Cm) may change, and cross talk may change accordingly.

As shown in FIG. 4, cross talk may be proportional to a value (x) gained by sub-
tracting the mutual capacitance/total capacitance (Cm/(Cm+Cs) from the mutual in-

ductance/self inductance (Lm/Ls). When the mutual capacitance (Cm), the self ca-
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pacitance (Cs), the mutual inductance (Lm) and the self inductance (Ls) change
according to the arrangement and shape of the first guard 215, the value (x) may
change, and a value of crosstalk may change.

Unless the first guard pattern 215 is formed between the transmission lines 211, the
mutual capacitance/self inductance (L.m/Ls) may be larger than the mutual ca-
pacitance/total capacitance (Cm/(Cm+Cs)). If the mutual capacitance (Cm) becomes
larger, the mutual capacitance/total capacitance (Cm/(Cm+Cs)) may become larger,
and cross talk (Vf) also may become smaller.

To enlarge the mutual capacitance (Cm), the first guard pattern 215 may be arranged.
The mutual capacitance (Cm) may change according to a shape of the first guard
pattern 215 so that a width of the first guard pattern 215 may be partially adjusted to be
smaller in order to enlarge the mutual capacitance (Cm). A plurality of slots 216 may
be formed in the first guard pattern 215 to adjust the mutual capacitance (Cm), and the
slots 216 may have open ends and closed ends with respect to a second direction.

FIG. 5 is a diagram of a circuit structure or circuit according to another embodiment.
In circuit structure 200 of transmission lines 211, first guard pattern 215 may be
formed in a meander shape, for example, a meander guard pattern. For such a meander
shape, slots may be provided in a first direction, or a vertical direction as shown in
FIG. 5, with open ends alternatively arranged in one direction and other portions with
respect to a second direction, or left and right portions as shown in FIG. 5. A mutual
capacitance (Cm) between the transmission lines 211 may become larger according to
the first guard pattern that is meander-shaped.

FIG. 6 is a diagram a diagram of a circuit structure or circuit according to another
embodiment. In circuit structure 200 of transmission lines 211, first guard pattern 215
may be configured with a first pattern 215a and a plurality of second patterns 215b.
The first pattern 215a may extend vertically, and the second patterns 215b may extend
horizontally. The first pattern 215a and the second patterns 215b may form slots 216,
while intersecting at right angles.

Second guard pattern 218 may be arranged equally spaced apart corresponding to via
217 formed in first guard pattern 215, so as to form slots 216 equally spaced apart from
each other. If the slots 216 are arranged asymmetrically, abnormal resonance may be
generated and may increase noise. Accordingly, slots 216 and vias 217 may be bi-
laterally symmetrical. A size (d) of via 217 may be as small as possible because a
thickness of the first pattern 210a and a thickness of the second pattern 215b may be
limited or small.

When slots 216 are bilaterally symmetrical and equally spaced apart from each other,
a distance (c) between the second patterns 215b may be 1/200 with respect to a

wavelength of a signal, and noise may be minimized. Considering a size of circuit
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structure 200, the distance (c) between the second patterns 215b may be 1/200 with
respect to the wavelength. In case of using a signal in 3GHz band, the distance (c)
between the second patterns 215b may be approximately 0.5mm.

Currents of the transmission lines 211 may be distributed intensively to an area of a
reference surface under the line, and the area may be 3 times the line width of the
transmission lines 211. A width of first guard pattern 215, or a width (b) of the second
pattern 215b, may be 3 times or more of a width (a) of the transmission lines 211. A
size of the capacitance may be adjusted by adjusting a width (e) of slots 216 so that
cross talk may be adjusted.

The first pattern 215a may become wider toward one end. If a line width of first
guard pattern 215 becomes smaller suddenly, currents passing through first guard
pattern 215 may form a bottleneck. A width of the first pattern 215a may become
smaller sequentially. The line width may gradually decrease like steps. In other words,
a width of one slot 216b positioned near an end may be smaller than a width of another
slot 216a positioned in or at a center.

FIG. 7 is a graph illustrating cross talk of circuit structures shown in Figures 3, 5 and
6 for each frequency. 'Via fence' is a plot of cross talk of circuit structure 200 of FIG.
3, 'Meander guard' is a plot of cross talk of circuit structure 200 of FIG. 5, and 'New
guard structure' is a plot of cross talk of circuit structure 200 of FIG. 6. In the em-
bodiment of FIG. 3 (represented by the via fence plot in FIG. 7), which includes via
217 formed in first guard pattern 215, compared to an embodiment in which
transmission lines 211 have no guard pattern (represented by a 'No guard' plot in FIG.
7), cross talk may be lowered and more noise may be reduced. The meander-type first
guard pattern 215 shown in FIG. 5 (represented by the meander guard plot in FIG. 7)
may produce lower cross talk. First guard pattern 215 configured with the first pattern
215a and the second patterns 215b intersecting at crossroads shown in FIG. 6 may
produce the lowest cross talk.

Cross talk may be reduced by providing first guard pattern 215 between transmission
lines 211. The shape of the first guard pattern 215 may be adjusted according to a
length of a frequency or a width of the transmission lines 211 and the more cross talk
is reduced enough to improve the quality of the signal.

FIG. 8 is an exploded perspective diagram of FIG. 6. FIG. 9a is a sectional diagram
along A-A of FIG. 6. FIG. 9b is a sectional diagram along B-B of FIG. 6. As
mentioned above, the connection board or circuit structure 200 may be configured with
the plurality of the layers to improve quality of the signal by widening an overall area
of a guard pattern. Three layers may be provided, and each of the layers may include
insulative films 240a, 240b and 240c provided between two of the conductive patterns.

The conductive patterns formed in the layers may be connected with each other by the
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via 217. The via 217 may be connected to the conductive patterns positioned
thereunder and may penetrate the insulative films 240a, 240b and 240c.

The first guard pattern 215, the second guard pattern 218, and the transmission lines
211 mentioned above may be positioned in the first layer 210. A third guard pattern
225 and a fourth guard patterrn228 may be positioned in the second layer 220. The
third ground pattern 225 may correspond to the first ground pattern 215, and a shape of
the third ground pattern 225 may be rectangular, not configured with the first ground
pattern 215a and the second patterns 215b of the first ground pattern 215 shown in
FIG. 3.

The second layer 220 may be close to the transmission lines 211. If the guard pattern
is directly formed under the transmission lines 211, the signal might flow out or noise
might flow in through the guard pattern. Accordingly, the guard patterns 225 and 228
may be formed in another area than an area corresponding to the transmission lines
211. The third layer 230 may include a fifth guard pattern 235, and the fifth guard
pattern 235 may be arranged in a position so as to cover all of the first guard pattern
215, the transmission lines 211, and the second guard pattern 218. The third layer 230
may be sufficiently apart or distant from the transmission lines 211, and the fifth guard
pattern 235 may be formed even in an area corresponding to the transmission lines 211
so as to maximize the guard area.

Referring to Figures 9a and 9b, the first, second, third, fourth and fifth guard patterns
235 may be connected with each other by the via 217. FIG. 9a shows a cross section of
an area where the second patterns 215b may be positioned (A-A) and where the first
guard pattern 215 may be widely formed in the first layer 210. FIG. 9b shows an area
where the slots 216 may be positioned (B-B) and where only the first pattern 215a may
be positioned in the first layer 210 and the first guard pattern 215 may be narrowly
formed in the first layer 210.

As mentioned above, the guard pattern may be arranged between the transmission
lines 211 in the circuit structure 200, and cross talk may be lowered by adjusting the
mutual capacitance. Accordingly, the quality of the signal may be improved. The slots
216 may formed symmetrically in the first guard pattern 215. Accordingly, needless or
abnormal resonance and noise and the quality of the signal may be improved. The
width of the first guard pattern 215 may be 3 times or more the width of the
transmission lines 211. Accordingly, signal transmission efficiency may be improved.
According to embodiments disclosed herein, a mobile terminal including a circuit
structure may be capable of reducing noise, which may be generated by cross talk,
even without enlarging a gap between transmission lines.

Embodiments disclosed herein provide a circuit structure including: two transmission

lines extended in a first direction and configured to transmit a signal; and a first guard
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pattern provided between the two lines, the first guard pattern preventing electrical in-
terference between the two transmission lines, wherein the first guard pattern
comprises a plurality of slots, at least one of the slots having an open end and a closed
end in a second direction.

The first guard pattern may include a first pattern extended in the first direction; and
a plurality of second patterns extended in a second direction which is perpendicular to
the first direction and configured to intersect the first pattern at right angles, and the
first pattern and the second patterns form the slots. The slits may be configured with
the first pattern and the second patterns. The plurality of the second patterns may be
spaced apart at equidistant intervals. The equidistant internal may be 1/200 of a
wavelength of a transmitted signal.

The second pattern may be partially positioned in the first pattern, and the other area
of the first pattern not overlapped with or intersecting the second pattern may have a
first width in the second direction, and the area of the first pattern overlapped with or
intersecting the second pattern may have a second width in the second direction. The
length of the second pattern along the second direction may be corresponding to the
first width. The first pattern may gradually change in a section where the first width of
the first pattern changes into the second width. The second width may be 3 times or
more of the width of the transmission lines along the second direction.

The circuit structure may further include a plurality of vias formed in the first guard
pattern. The plurality of the vias may be formed in a center area of the first pattern.
The plurality of the vias may be formed in the overlapped area of the first and second
patterns. The plurality of the vias may be formed in one end of the second pattern in
the second direction.

The circuit structure may further include a second guard pattern provided in an outer
area from the two transmission lines. The circuit structure may further include a first
layer comprising the two transmission lines, the first guard pattern and the second
guard pattern; a second layer positioned under the first layer, and comprising a third
guard pattern connected with the first guard pattern via the vias and a fourth guard
pattern connected with the second guard pattern via the via; and a third layer po-
sitioned under the second layer, and comprising a fifth guard pattern connected with
the first guard patter, the second guard pattern, the third guard pattern and the fourth
guard pattern via the vias. The width of the third guard pattern may be corresponding
to the width of the first guard pattern.

Each of the first, second and third layers may include an insulative film configured to
distinguish the first, second, third, fourth and fifth guard patterns and the transmission
lines from each other. The plurality of the slots may be arranged symmetrically in the

second direction. The plurality of the slots may be arranged in the first direction, and
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the open ends may be alternatively arranged in one area and the other area with respect
to the second direction.

Embodiments disclosed herein provide a mobile terminal including a case; and a
main board comprising an upper main board provided in an upper area within the case,
a lower main board provided in a lower area within the case and a connection board
connecting the upper main board and the lower main board with each other, wherein
the connection board includes two transmission lines extended in a first direction and
configured to transmit a signal; and a guard pattern provided between the two
transmission lines, the guard pattern preventing electrical interference between the two
transmission lines and including a plurality of slots, at least one of the slots having an
open end and a closed end in a second direction.

Mobile terminals presented herein may be implemented using a variety of different
types of terminals, such as, e.g., cellular phones, smart phones, user equipment, laptop
computers, digital broadcast terminals, personal digital assistants (PDAs), portable
multimedia players (PMPs), navigators, portable computers (PCs), slate PCs, tablet
PCs, ultra books, wearable devices (for example, smart watches, smart glasses, and
head mounted displays (HMDs).

By way of non-limiting example only, description may be made with reference to
particular types of mobile terminals. However, such teachings apply equally to other
types of terminals, such as those types noted above. In addition, these teachings may
also be applied to stationary terminals, such as, e.g., digital TV, and desktop
computers.

For the sake of brief description with reference to the drawings, the same or
equivalent components may be provided with the same reference numbers, and de-
scription thereof will not be repeated. In general, a suffix such as "module"” and "unit"
may be used to refer to elements or components. Use of such a suffix herein is merely
intended to facilitate description of the specification, and the suffix itself is not
intended to give any special meaning or function. In the present disclosure, that which
is well-known to one of ordinary skill in the relevant art has generally been omitted for
the sake of brevity. The accompanying drawings are used to help easily understand
various technical features and it should be understood that the embodiments presented
herein are not limited by the accompanying drawings. As such, the present disclosure
should be construed to extend to any alterations, equivalents and substitutes in addition
to those which are particularly set out in the accompanying drawings.

Although the terms first, second, etc. may be used herein to describe various
elements, these elements should not be limited by these terms. These terms may be
generally only used to distinguish one element from another. When an element is

referred to as being "connected with" another element, the element may be directly
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connected with the other element or intervening elements may also be present. In
contrast, when an element is referred to as being "directly connected with" another
element, there may be no intervening elements present.

A singular representation may include a plural representation unless it represents a
definitely different meaning from the context. Terms such as "include" or "has" may be
used herein and may indicate an existence of several components, functions or steps,
disclosed in the specification, and greater or fewer components, functions, or steps
may likewise be utilized.

"o

Any reference in this specification to "one embodiment,” "an embodiment,"
"example embodiment," etc., means that a particular feature, structure, or characteristic
described in connection with the embodiment is included in at least one embodiment of
the invention. The appearances of such phrases in various places in the specification
are not necessarily all referring to the same embodiment. Further, when a particular
feature, structure, or characteristic is described in connection with any embodiment, it
is submitted that it is within the purview of one skilled in the art to effect such feature,
structure, or characteristic in connection with other ones of the embodiments.

Although embodiments have been described with reference to a number 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,
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 circuit structure comprising:

two transmission lines that extend in a first direction to transmit a
signal; and

a first guard pattern provided between the two transmission lines, the
first guard pattern preventing electrical interference between the two
transmission lines and including a plurality of slots, at least one of the
slots having an open end and a closed end in a second direction.

The circuit structure of claim 1, wherein the first guard pattern
includes:

a first pattern that extends in the first direction; and

a plurality of second patterns that extend in a second direction, which is
perpendicular to the first direction, to intersect the first pattern at right
angles, and

the first pattern and the plurality of second patterns form the plurality
of slots.

The circuit structure of claim 2, wherein the plurality of the second
patterns are spaced apart at equidistant intervals.

The circuit structure of claim 3, wherein the equidistant interval is
17200 of a wavelength of a transmitted signal.

The circuit structure of claim 2, wherein the second pattern is partially
provided in the first pattern, and

an area of the first pattern not overlapping or intersecting the second
pattern has a first width in the second direction, and

another area of the first pattern overlapping or intersecting the second
pattern has a second width in the second direction.

The circuit structure of claim 5, wherein a length of the second pattern
along the second direction correspond to a length of the first width.
The circuit structure of claim 5, wherein the first pattern gradually
changes in a section where the first width of the first pattern changes
into the second width.

The circuit structure of claim 5, wherein the second width is 3 times or
more of a width of the transmission lines along the second direction.
The circuit structure of claim 2, further comprising:

a plurality of vias formed in the first guard pattern.

The circuit structure of claim 9, wherein the plurality of the vias are

provided in a center area of the first pattern.
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The circuit structure of claim 10, wherein the plurality of the vias are
provided in an overlapping area of the first and second patterns.

The circuit structure of claim 9, wherein the plurality of the vias are
provided in one end of the second pattern in the second direction.

The circuit structure of claim 1, further comprising:

a second guard pattern provided in an outer area from the two
transmission lines.

The circuit structure of claim 13, further comprising:

a first layer including the two transmission lines, the first guard pattern,
and the second guard pattern;

a second layer provided under the first layer and including a third guard
pattern connected with the first guard pattern by the plurality of vias
and a fourth guard pattern connected with the second guard pattern by
the plurality of vias; and

a third layer provided under the second layer and including a fifth
guard pattern connected with the first guard pattern, the second guard
pattern, the third guard pattern and the fourth guard pattern by the
plurality of vias.

The circuit structure of claim 14, wherein a width of the third guard
pattern corresponds to a width of the first guard pattern.

The circuit structure of claim 14, wherein each of the first, second and
third layers includes an insulative film configured to distinguish the
first, second, third, fourth, and fifth guard patterns and the transmission
lines from each other.

The circuit structure of claim 1, wherein the plurality of the slots are
symmetrically provided in the second direction.

The circuit structure of claim 1, wherein the plurality of the slots are
provided in the first direction, and the open ends are alternatively
provided in one area and another area with respect to the second
direction.

A mobile terminal comprising:

a case; and

a main board having an upper main board provided in an upper area
within the case, a lower main board provided in a lower area within the
case, and a connection board that connects the upper main board and
the lower main board with each other,

wherein the connection board includes:

two transmission lines that extend in a first direction to transmit a
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signal; and

a guard pattern provided between the two transmission lines, the guard
pattern preventing electrical interference between the two transmission
lines and including a plurality of slots, at least one of the slots having

an open end and a closed end in a second direction.
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