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SENSING APPARATUS AND METHOD BASED
ON ELECTROMAGNETIC INDUCTION TYPE

PRIORITY

[0001] This application claims priority under 35 U.S.C.
§119(a) to a Korean Patent Application filed in the Korean
Intellectual Property Office on Jan. 6, 2012, and assigned
Serial No. 10-2012-0002049, the entire disclosure of which is
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to a sensing
apparatus and method based on an electromagnetic induction
input type, and more particularly, to a sensing apparatus and
method of controlling the sensing apparatus that reduce a
number of channels used.

[0004] 2. Description of the Related Art

[0005] When entering a specific command into a smart-
phone or onto a touchscreen, a user can input the specific
command or specify a particular icon by placing a part of
his/her body or an Electromagnetic Induction (EI) pen on a
specific position.

[0006] The contact with the part of the user’s body can be
implemented as a capacitive type. A touchscreen adopting the
capacitive type generally includes a condenser component
between transparent electrodes. When a user contacts the
touchscreen with a part of his/her body, a capacity of the
condenser is changed accordingly and the touch can be
detected based on the change in capacity.

[0007] In this regard, the capacitive type is problematic in
that an accurate input is difficult due to a relatively wide
contact area that is consumed for the touchscreen contact. In
contrast, an EI type requires a small area to receive an input.
[0008] For the Eltype, a voltage is controlled to be applied
to a loop coil arranged on a circuit board to generate an
electromagnetic field for propagation to an El pen. The El pen
may include a condenser and a loop, and may emit the propa-
gated electromagnetic field to have a certain frequency com-
ponent.

[0009] Theelectromagnetic field emitted by the EI pen may
propagate back to the loop coil on the circuit board, thus
enabling a determination of which position of the touchscreen
the EI pen comes closest.

[0010] In the conventional EI type, channels for input and
output signals have to be assigned for every loop coil included
in the circuit board to apply an electromagnetic filed to the EI
pen. Thus, if there are many loop coils on the circuit board,
many channels are required and thus, the number of opera-
tions required to process signals from the channels may be
increased. At the same time, high-performance processors
may be required to process the increased number of opera-
tions, placing a huge burden on firmware.

SUMMARY OF THE INVENTION

[0011] The present invention has been made to address at
least the above problems and/or disadvantages and to provide
at least the advantages described below. Accordingly, an
aspect of the present invention provides a sensing apparatus
and method of controlling the sensing apparatus that may use
fewer channels and accurately determine an input position of
a touch object.
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[0012] In accordance with an aspect of the present inven-
tion, a sensing apparatus is provided for determining an input
point of a touch. The sensing apparatus includes a sensing
loop unit including at least one loop. Each of the at least one
loop includes two sub-loops separated by a predetermined
distance. The sensing apparatus also includes an area deter-
mination loop unit for determining one of the two sub-loops
of each of the at least one loop that corresponds to the input
point. The sensing apparatus further includes a controller that
determines a plurality of candidates of the input point based
on a first input signal from the sensing loop unit, and deter-
mines the input point from among the plurality of candidates
of'the input point based on a second input signal from the area
determination loop unit.

[0013] In accordance with another aspect of the present
invention, a sensing apparatus is provided for determining an
input point of a touch. The sensing apparatus includes a first
sensing loop unit including at least one loop. Each of the at
least one loop includes two sub-loops separated by a prede-
termined distance. The sensing apparatus also includes a sec-
ond sensing loop unit arranged in an outermost part of the
sensing apparatus and including a single loop. The sensing
apparatus additionally includes an area determination loop
unit that determines one of the two sub-loops of each of the at
least one loop that corresponds to the input point. The sensing
apparatus further includes a controller that determines a plu-
rality of candidates of the input point based on a first input
signal from the first sensing loop unit when an input of the
touch lies in the first sensing loop unit, and determines the
input point from among the plurality of candidates of the
input point based on a second input signal from the area
determination loop unit.

[0014] In accordance with another aspect of the present
invention, a method is provided for controlling a sensing
apparatus having a sensing loop unit that includes at least one
loop each having two sub-loops separated by a predetermined
distance, and an area determination loop unit that determines
one of the two sub-loops of each of the at least one loop that
corresponds to the input point. A first input signal is received
from the sensing loop unit and a second input signal from the
area determination loop unit. A plurality of candidates of an
input point is determined based on the first input signal from
the sensing loop unit. The input point is determined from
among the plurality of candidates of the input point based on
the second input signal from the area determination loop unit.

[0015] In accordance with an additional aspect of the
present invention, a sensing apparatus is provided for deter-
mining an input point of a touch. The sensing apparatus
includes a substrate that includes first, second, third, and
fourth areas. The sensing apparatus also includes a sensing
loop unit including a first set of at least one loop having two
sub-loops each arranged in either the first or third area, and a
second set of at least one loop having two sub-loops each
arranged in either the second or fourth area. The sensing
apparatus additionally includes an area determination loop
unit that includes a first area determination loop arranged in
the first area or a part of the first and second areas, and a
second area determination loop arranged in the fourth area or
a part of the third and fourth areas. The sensing apparatus
further includes a controller that determines a plurality of
candidates of the input point based on a first input signal from
the sensing loop unit, and determines the input point from
among the plurality of candidates of the input point based on
a second input signal from the area determination loop unit.
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[0016] In according with a further aspect of the present
invention, a sensing apparatus is provided for determining an
input point of a touch. The sensing apparatus includes a
sensing loop unit that includes at least one loop, each having
two sub-loops separated by a predetermined distance and
multiple windings. The sensing apparatus also includes an
area determination loop unit that determines one of the two
sub-loops of each of the at least one loop that corresponds to
the input point. The sensing apparatus further includes a
controller that determines a plurality of candidates of the
input point based on a first input signal from the sensing loop
unit, and determines the input point from among the plurality
of candidates of the input point based on a second input signal
from the area determination loop.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and other aspects, features and advan-
tages of the present invention will be more apparent from the
following detailed description when taken in conjunction
with the accompanying drawings, in which:

[0018] FIG. 1 is a block diagram illustrating a sensing
apparatus, according to an embodiment of the present inven-
tion;

[0019] FIG. 2A is a diagram illustrating the sensing appa-
ratus, according to an embodiment of the present invention;

[0020] FIG. 2B is a diagram illustrating the sensing appa-
ratus, according to another embodiment of the present inven-
tion;

[0021] FIG.2C is a diagram illustrating an implementation
of the sensing apparatus, according to an embodiment of the
present invention;

[0022] FIG. 3 is a diagram illustrating a loop arrangement
of the sensing apparatus, according to an embodiment of the
present invention;

[0023] FIGS. 4A and 4B are diagrams illustrating the loop
arrangement of the sensing apparatus, according to another
embodiment of the present invention;

[0024] FIG.5isadiagram illustrating the loop arrangement
of'the sensing apparatus, according to another embodiment of
the present invention;

[0025] FIG. 6 is a block diagram illustrating the sensing
apparatus, according to another embodiment of the present
invention;

[0026] FIG. 7 is a diagram illustrating the sensing appara-
tus, according to another embodiment of the present inven-
tion; and

[0027] FIG. 8 is a flowchart illustrating a method of con-
trolling the sensing apparatus, according to an embodiment of
the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE PRESENT INVENTION

[0028] Embodiments ofthe present invention are described
in detail with reference to the accompanying drawings. The
same or similar components may be designated by the same
or similar reference numerals although they are illustrated in
different drawings. Detailed descriptions of constructions or
processes know in the art may be omitted to avoid obscuring
the subject matter of the present invention.

[0029] FIG. 1 is a block diagram illustrating a sensing
apparatus, according to an embodiment of the present inven-
tion. As shown in FIG. 1, the sensing apparatus includes a
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loopunit 110 and a controller 120. The loop unit 110 includes
a sensing loop unit 111 and an area determination loop unit
112.

[0030] The sensing loop unit 111 may include at least one
loop. The loop may have two sub-loops separated by a pre-
determined distance. The two sub-loops may be connected in
series, and each sub-loop may have one winding or multiple
windings. Each sub-loop may have a predetermined area and
preferably be a rectangular shape, although embodiments of
the present invention are not limited thereto.

[0031] The sensing loop unit 111 may receive a received
signal inputted to the sensing apparatus from outside. The
received signal may originate from a touch of an object. The
touch may be a means for emitting a predetermined electro-
magnetic field, and may be implemented with, e.g., an El pen,
amanual El pen, etc. The EI pen that exists around the sensing
loop unit 111 may receive the electromagnetic field induced
from the sensing loop unit 111, and then emit the electromag-
netic field back. The EI pen is just an example, and the object
may be embodied as any means for receiving the electromag-
netic field and then emitting it back. The sensing loop unit 111
may not only detect the received signal but may also output a
predetermined transmission signal. The transmission signal
may be inputted to the EI pen and then may be outputted from
it.

[0032] Loops included in the sensing loop unit 111 may
detect changes in electromagnetic fields. The controller 120
may determine candidates of an input point of the touch based
on magnitudes of a largest sensing signal detected from a
largest signal loop that detects the largest sensing signal and
sensing signals detected from loops adjacent to the largest
signal loop. The ‘candidates of an input point’ are termed
because loops of the sensing loop unit 111 each have two
sub-loops, and thus, the input point of the touch object is
assumed to be somewhere near the two sub-loops.

[0033] The controller 120 may determine the input point of
the touch from among the candidates of the input point.
Specifically, the controller 120 may determine the input point
of the touch from among the candidates of the input point
based on an input signal from the area determination loop unit
112. Determination of the input point of the touch based on
the input signal from the area determination loop unit 112 is
described in greater detail below. The controller 120 may be
implemented with microprocessors, Integrated Circuits
(ICs), or micro-computers, but is not limited thereto, and may
be embodied as any means able to perform predetermined
operations.

[0034] As described above, the sensing apparatus of
embodiments of the present invention may determine the
candidates of the input point of the touch based on the input
signal from the sensing loop unit 111. The sensing apparatus
may also determine the input point of the touch based on the
input signal from the area determination loop unit 112. Each
loop of the sensing loop unit 111 may have two sub-loops
connected in series, and thus, the number of channels is
reduced in half when compared with conventional technol-
ogy.

[0035] FIG. 2A is a diagram illustrating the sensing appa-
ratus, according to an embodiment of the present invention.

[0036] As shown in FIG. 2A, the sensing apparatus
includes a controller 200, a first loop 210, a second loop 220,
a third loop 230, a first area determination loop 241, and a
second area determination loop 242. For ease in description,
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FIG. 2A illustrates an implementation enabling a determina-
tion of the input point of the touch in the x-direction.

[0037] The first loop 210 includes a first sub-loop 211 and
a second sub-loop 212. An end of the first sub-loop 211 is
connected to the controller 200, and the other end of the first
sub-loop 211 is connected to an end of the second sub-loop
212. The other end of the second sub-loop 212 is connected to
the controller 200. A switch may be connected between one
end of the first sub-loop 211 and the controller 200, the switch
being ON for a period of scanning each channel and being
OFF for a non-scanning period. Accordingly, the first sub-
loop 211 and the second sub-loop 212 may be connected in
series.

[0038] Anend ofafirstsub-loop 221 of the second loop 220
is connected to the controller 200, and the other end of the first
sub-loop 221 is connected to an end of a second sub-loop 222
of'the second loop 220. An end of a first sub-loop 231 of the
third loop 230 is connected to the controller 200, and the other
end of the first sub-loop 231 is connected to an end of'a second
sub-loop 232 of the third loop 230.

[0039] The controller 200 may determine candidates 201
and 202 of an input point based on input signals from the first,
second, and third loops 210, 220, and 230. Specifically, the
controller 200 may compare the input signals from the first,
second, and third loops 210, 220, and 230, and determine the
candidates 201 and 202 of the input point based on the largest
input signal and input signals from nearby loops. As
described above, each loop 210, 220, or 230 includes two
sub-loops, and thus, candidates of the input point may be
determined to have two.

[0040] The controller 200 may determine the input point
from among the candidates of the input point based on the
input signals from the area determination loop units 241 and
242. In the embodiment of the present invention illustrated in
FIG. 2A, the first area determination loop 241 is a loop
arranged in an area where the first sub-loop 211 of the first
loop 210, the first sub-loop 221 of the second loop 220, and
the first sub-loop 231 of the third loop 230 are arranged. The
second area determination loop 242 is a loop arranged in an
area where the second sub-loop 212 of the first loop 210, the
second sub-loop 222 of the second loop 220, and the second
sub-loop 232 of the third loop 230 are arranged. The first and
second area determination loops 241 and 242 are each con-
nected to the controller 200. A switch may also be connected
between the first or second area determination loops 241 or
242 and the controller 200, the switch being ON during a
scanning period of the area determination loops 241 or 242,
and being OFF during a non-scanning period.

[0041] The controller 200 may determine the candidates of
the input point to be two points 201 and 202, as described
above. The controller 200 may determine the input point
based on input signals from the first and second area deter-
mination loops 241 and 242. For example, if the magnitude of
the input signal from the first area determination loop 241 is
larger than that of the input signal from the second area
determination loop 242, the controller 200 may determine the
candidate 201 on the left as the input point. In another
example, if the magnitude of the input signal from the second
area determination loop 242 is larger than that of the input
signal from the first area determination loop 241, the control-
ler 200 may determine the candidate 202 on the right as the
input point.

[0042] As described above, the controller 200 determines
candidates of the input point based on signals from the loops
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each having two sub-loops. In the foregoing procedure, since
each loop includes two sub-loops connected in series,
required channels may be reduced in half. However, a loop
arranged in an outermost part of the sensing loop unit 111
may include a single loop instead of two sub-loops. The
method of determining the input point from candidates of the
input point may have an effect of reducing an amount of
operations by adopting the simple mechanism that compares
magnitudes of input signals from the area determination
loops.

[0043] FIG. 2B is a diagram illustrating the sensing appa-
ratus, according to another embodiment of the present inven-
tion. The sensing apparatus of FIG. 2B determines input
points in an x-direction and a y-direction, as opposed to the
sensing apparatus of FIG. 2A.

[0044] The sensing apparatus of FIG. 2B includes the con-
troller 200, the first loop 210, the second loop 220, the third
loop 230, the first area determination loop 241, and the second
area determination loop 242, as well as a forth loop 250, a fifth
loop 260, a sixth loop 270, a third area determination loop
281, and a fourth area determination loop 282. The first,
second, and third loops 210, 220, and 230, and the first and
second area determination loops 241 and 242 are used to
determine the input point of the touch in the x-direction. The
fourth, fifth, and sixth loops 250, 260, and 270, and the third
and fourth area determination loops 281 and 282 are used to
determine the input point of the touch in the y-direction.

[0045] Intheembodiment ofthe presetinvention illustrated
in FIG. 2A, the first area determination loop 241 is arranged
in an area where the first sub-loop of'the firstloop 210, the first
sub-loop of the second loop 220, and the first sub-loop of the
third loop 230 are arranged. The second area determination
loop 242 is arranged in an area where the second sub-loop of
the firstloop 210, the second sub-loop of the second loop 220,
and the second sub-loop of the third loop 230 are arranged.
The first and second area determination loops 241 and 242 are
each connected to the controller 200. The third area determi-
nation loop 281 is arranged in an area where the first sub-loop
of'the fourth loop 250, the first sub-loop of the fifth loop 260,
and the first sub-loop of the sixth loop 270 are arranged. The
fourth area determination loop 282 is arranged in an area
where the second sub-loop of the fourth loop 250, the second
sub-loop of the fifth loop 260, and the second sub-loop of the
sixth loop 270 are arranged. The third and fourth area deter-
mination loops 281 and 282 are each connected to the con-
troller 200.

[0046] The controller 200 may determine candidates of the
input point in the x-direction based on input signals from the
first to third loops 210 to 230, and may determine candidates
of the input point in the y-direction based on input signals
from the fourth to sixth loops 250 to 270. The controller 200
may determine four candidates 201, 202, 203 and 204 of the
input point by combining the candidates of the input point.

[0047] The controller 200 may determine the input point in
the x-direction based on input signals from the first and sec-
ond area determination loops 241 and 242. For example, if the
magnitude of the input signal from the first area determina-
tion loop 241 is larger than that of the input signal from the
second area determination loop 242, the controller 200 may
determine the candidate 201 or 202 on the left as the input
point. In another example, if the magnitude of the input signal
from the second area determination loop 242 is larger than
that of the input signal from the first area determination loop
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241, the controller 200 may determine the candidate 203 or
204 on the right as the input point.

[0048] The controller 200 may determine the input point in
the y-direction based on input signals from the third and
fourth area determination loops 281 and 282. For example, if
the magnitude of the input signal from the third area deter-
mination loop 281 is larger than that of the input signal from
the fourth area determination loop 282, the controller 200
may determine the candidate 201 or 204 in the downside as
the input point. In another example, if the magnitude of the
input signal from the fourth area determination loop 282 is
larger than that of the input signal from the third area deter-
mination loop 281, the controller 200 may determine the
candidate 202 or 203 in the upside as the input point.

[0049] The controller 200 may determine the input point
based on magnitudes of input signals from the first to fourth
area determination loops 241, 242, 281 and 282. For example,
if the magnitude of the input signal from the first area deter-
mination loop 241 is larger than that of the input signal from
the second area determination loop 242, and the magnitude of
the input signal from the third area determination loop 281 is
larger than that of the input signal from the fourth area deter-
mination loop 282, the candidate 201 of the input point on the
lower left is determined to be the input point.

[0050] FIG.2C is a diagram illustrating an implementation
of the sensing apparatus, according to an embodiment of the
present invention.

[0051] As shown in FIG. 2C, the controller 200 is imple-
mented with ICs arranged on a printed circuit board. How-
ever, the controller 200 of FIG. 2C is just exemplary, and may
be included in, e.g., a controller chip of a cell phone that has
the electromagnetic sensing apparatus, or the Central Pro-
cessing Unit (CPU) on the printed circuit board. The control-
ler 200 includes a connector unit 209. The connector unit 209
may include a signal transmitting means for inputting/output-
ting input/output signals on a plurality of channels. The con-
nector unit 209 may be implemented in, e.g., a gold finger
form, but embodiments of the present invention are not lim-
ited thereto. The number of gold fingers shown in FIG. 2C is
also exemplary.

[0052] Meanwhile, a loop unit 290 includes a sensing loop
unit 292 and area determination loop units 293 and 294. Each
of the sensing loop unit 292 and the area determination loop
unit 293 and 294 are connected to an independent channel,
i.e., an independent connector 291.

[0053] FIG. 3 is a diagram illustrating a loop arrangement
of the sensing apparatus, according to an embodiment of the
present invention.

[0054] The sensing apparatus of FIG. 3 includes a first loop
having a first sub-loop 311 and a second sub-loop 312, a
second loop having a first sub-loop 321 and a second sub-loop
322, and a third loop having a first sub-loop 331 and a second
sub-loop 332. Each sub-loop of each of the first to third loops
may have multiple windings. Furthermore, the sensing appa-
ratus includes first and second area determination loops 301
and 302.

[0055] When each sub-loop has multiple windings, a cur-
rent induced against the same electromagnetic flux may be
larger than in a case each sub-loop has a single winding. Thus,
the larger magnitude of the input signal leads to more accurate
control of signals and facilitates a more accurate determina-
tion of the input point. In addition, if the sub-loops emit
electromagnetic fields, low power operations may be
achieved.
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[0056] The sensing apparatus of FIG. 3, as opposed to that
of FIG. 2A, is implemented such that the area determination
loops 301 and 302 do include all of the loops. As shown in
FIG. 3, the first area determination loop 301 includes first
sub-loops 311 and 321, and only a part of the first sub-loop
331 of the third loop.

[0057] The sensing apparatus may determine candidates of
an input point based on magnitudes of input signals from
loops, and may determine the input point based on magni-
tudes of input signals from the area determination loops 301
and 302. As such, even when the area determination loop does
not include all of the sub-loops, the input point may be deter-
mined, and thus, a more flexible loop arrangement is possible.
[0058] FIG. 4A is a diagram illustrating the loop arrange-
ment of the sensing apparatus, according to another embodi-
ment of the present invention.

[0059] In FIG. 4A, the sensing apparatus includes a first
loop 410, a second loop 420, a third loop 430, a fourth loop
440, a fifth loop 450, a sixth loop 460, a first area determina-
tion loop 401, and a second area determination loop 402. The
area determination loops of FIG. 4A may not includes all of
the first sub-loops, as opposed to the sensing apparatus of
FIG. 2A. As shown in FIG. 4A, the first area determination
loop 401 only includes first sub loops of the fourth through
sixth loops 440, 450, and 460. The second area determination
loop 402 only includes second sub loops of the first through
third loops 410, 420, and 430.

[0060] FIG. 4B is a diagram illustrating the loop arrange-
ment of the sensing apparatus, according to another embodi-
ment of the present invention.

[0061] InFIG. 4B, the sensing apparatus includes the first
loop 410, the second loop 420, the third loop 430, the fourth
loop 440, the fifth loop 450, the sixth loop 460, a first area
determination loop 403, and a second area determination loop
404. The sensing apparatus of FIG. 4B is arranged, as
opposed to the sensing apparatus of FIG. 4A, so that the first
and second area determination loops 403 and 404 include
sub-loops on the left of the first, second, and third loops 410,
420, and 430 and sub-loops on the right of the fourth, fifth,
and sixth loops 440, 450, and 460, respectively. Specifically,
it is assumed that an area in which sub-loops on the left of the
first, second, and third loops 410, 420, and 430 is referred to
as a first area, an area in which sub-loops on the left of the
fourth, fifth, and sixth loop 440, 450, and 460 is referred to as
a second area, an area in which sub-loops on the right of the
first, second, and third loops 410, 420, and 430 is referred to
as a third area, and an area in which sub-loops on the right of
the fourth, fifth, and sixth loop 440, 450, and 460 is referred
to as a fourth area. The first area determination loop 403 is
arranged in the first area. Alternatively, the first area determi-
nation loop 403 may be arranged in parts of the first and
second areas. This is because respective sub-loops of the first
and second loops may be superimposed. The second area
determination loop 404 may be arranged in the fourth area.
Alternatively, the first area determination loop 404 may be
arranged in parts of the third and fourth areas. This is because
respective sub-loops of the third and fourth loops may be
superimposed.

[0062] Thus, even when the area determination loop does
not include all of the sub-loops, the input point may be deter-
mined, and thus, a more flexible loop arrangement is possible.
[0063] FIG. 5 is a diagram illustrating a loop arrangement
of the sensing apparatus, according to an embodiment of the
present invention. The sensing apparatus of FIG. 5, as
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opposed to the sensing apparatus of FIG. 3, includes loops
510 and 560 that do not include two sub-loops. As shown in
FIG. 5, some loops 520 to 550 each include two sub-loops
separated by a predetermined distance, but the outermost
loops 510 and 560 are each implemented in a single loop
form. Thus, if it is determined that the input point is around
the loops 520 to 550 that include the sub-loops, the sensing
apparatus determines the input point according to the forego-
ing procedure in connection with FIG. 2A. If it is determined
that the input point is around the loops 510 and 560 that each
include a single loop, the sensing apparatus may determine
the input point based on strengths of input signals from the
single loops and nearby loops.

[0064] FIG. 6 is a block diagram illustrating the sensing
apparatus, according to another embodiment of the present
invention. The sensing apparatus includes a controller 600, a
loop unit 610, a switching unit 620, a driving unit 630, and a
signal processing unit 640. The loop unit 610 includes a
sensing loop unit 611 and an area determination loop unit
612.

[0065] The switching unit 620 may output a current output-
ted from the driving unit 630 to the sensing loop unit 611
under control of the controller 600. Each loop included in the
sensing loop unit 611 is controlled to be connected to the
controller 600 during a scanning period, but is not connected
to the controller 600 during a non-scanning period. The
switching unit 620 may include a plurality of switches, each
of'which may be implemented with a Metal-Oxide-Semicon-
ductor Field-Effect Transistor (MOSFET) device, a load
switch, or the like. When the switch is implemented with an
N-type MOSFET device, an additional bootstrapping circuit
may also be included.

[0066] The driving unit 630 may generate a current and
output the current to the switching unit 620. It will be obvious
to one of ordinary skill in the art that the driving unit 630 may
be embodied as any means for storing a certain power to
generate a current at a predetermined magnitude.

[0067] The signal processor 640 may process and output an
input signal from the loop unit 610 into a form to be processed
by the controller 600. The signal processor 640 may include
a filtering means, an amplifying means, an analog to digital
converting means, etc.

[0068] FIG. 7 is a diagram illustrating the sensing appara-
tus, according to another embodiment of the present inven-
tion.

[0069] As shown in FIG. 7, the sensing apparatus includes
a controller 700, a first loop 710, a second loop 720, a third
loop 730, and an area determination loop 741. As opposed to
the sensing apparatus of FIG. 2A, the sensing apparatus of
FIG. 7 does not include a second area determination unit.
[0070] The controller 700 may determine candidates 701
and 702 of an input point based on input signals from first,
second, and third loops 710, 720, and 730. Since each loop
710,720, or 730 includes two sub-loops, the candidates of the
input point may be determined to have two.

[0071] The controller 700 may determine the input point
from among the candidates of the input point based on the
input signal from the area determination loop unit 741. In the
embodiment of FIG. 7, the area determination loop 741 may
be a loop including an area where a first sub-loop 711 of the
first loop 710, a first sub-loop 721 of the second loop 720, and
a first sub-loop 731 of the third loop 730 are arranged.
[0072] The controller 700 may determine the candidates of
the input point to be two points 701 and 702, as described
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above. The controller 700 may determine the input point
based on the input signal from the area determination loop
unit 741. For example, if the magnitude of the input signal
from the first area determination loop 741 is larger than a
predetermined value, the controller 700 may determine the
candidate 701 on the left as the input point. Also, for example,
if the magnitude of the input signal from the first area deter-
mination loop 741 is less than the predetermined value, the
controller 700 may determine the candidate 702 on the right
as the input point.

[0073] FIG. 8 is a flowchart illustrating a method of con-
trolling the sensing apparatus, according to an embodiment of
the present invention.

[0074] The sensing apparatus may include the sensing loop
unit that includes at least one loop each having two sub-loops
separated by a predetermined distance and the area determi-
nation loop unit for determining one of the two sub-loops of
each of the plurality of loops that corresponds to the input
point.

[0075] The sensing apparatus receives input signals from
the sensing loop unit and the area determination loop unit, in
step S810. The sensing apparatus determines candidates of
the input point based on the input signal from the sensing loop
unit, in step S820. The sensing apparatus determines the input
point from among the candidates of the input point based on
the input signal from the area determination loop unit, in step
S830.

[0076] According to embodiments of the present invention,
a sensing apparatus and method of controlling the sending
apparatus that may use fewer channels and accurately deter-
mine an input position of a touch object are provided. Spe-
cifically, the sensing apparatus of embodiments of the present
invention may be implemented to have approximately halfthe
number of channels when compared with a conventional
sensing apparatus. In addition, a time required for an entire
scanning may be decreased. A burden on firmware may also
be substantially alleviated.

[0077] Inaddition, the number of switches to be connected
to a sensing loop is also reduced, which is followed by a
reduction in the number of pins of driving chip sets and
connectors. Thus, the mounting area may be reduced. Fur-
thermore, a required driving current is decreased because of
an increase of the number of windings of each loop, and a
low-cost switch may be used because the switch’s load is
reduced.

[0078] While the invention has been shown and described
with reference to certain embodiments thereof, it will be
understood by those skilled in the art that various changes in
form and detail may be made therein without departing from
the spirit and scope of the invention as defined by the
appended claims but the equivalents.

What is claimed is:

1. A sensing apparatus for determining an input point of a

touch, the sensing apparatus comprising:

a sensing loop unit including at least one loop, wherein
each of the at least one loop includes two sub-loops
separated by a predetermined distance;

an area determination loop unit for determining one of the
two sub-loops of each of the at least one loop that cor-
responds to the input point; and

a controller that determines a plurality of candidates of the
input point based on a first input signal from the sensing
loop unit, and determines the input point from among the
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plurality of candidates of the input point based on a
second input signal from the area determination loop
unit.

2. The sensing apparatus of claim 1, wherein the area
determination loop unit comprises:

a first area determination sub-loop arranged in a part of a
first area that includes a first sub-loop of the two sub-
loops of each of the at least one loop; and

a second area determination sub-loop arranged in a part of
a second area that includes a second sub-loop of the two
sub-loops of each of the at least one loop.

3. The sensing apparatus of claim 2, wherein the controller
compares a magnitudes of an input signal from the first area
determination sub-loop with a magnitude of an input signal
from the second area determination sub-loop, and determines
the input point from among the plurality of candidates of the
input point.

4. The sensing apparatus of claim 3, wherein the controller
determines a candidate of the input point that corresponds to
a sub-loop outputting a large input signal to be the input point.

5. The sensing apparatus of claim 1, further comprising

a driving unit for providing the sensing loop unit with a
current to induce an electromagnetic field; and

a switching unit for connecting the each of the at least one
loop to the controller during a scanning period of each of
the at least one loop.

6. The sensing apparatus of claim 1, wherein the two sub-

loops of the at least one loop each have multiple windings.

7. The sensing apparatus of claim 1, wherein the area
determination loop unit comprises an area determination loop
arranged in one of a first area that includes a first sub-loop of
the two sub-loops of each of the at least one loop and a second
area that includes a second sub-loop of the two sub-loops of
each of the at least one loop.

8. The sensing apparatus of claim 7, wherein the controller
determines the input point from among the plurality of can-
didates of the input point based on the input signal from the
area determination loop.

9. The sensing apparatus of claim 8, wherein the controller
determines a candidate of the input point that corresponds to
the area determination loop as the input point, when a mag-
nitude of the second input signal from the area determination
loop is larger than a predetermined magnitude.

10. The sensing apparatus of claim 8, wherein the control-
ler determines a candidate of the input point that does not
correspond to the area determination loop as the input point,
when a magnitude of the second input signal from the area
determination loop is less than a predetermined magnitude.

11. A sensing apparatus for determining an input point of a
touch, the sensing apparatus comprising:

a first sensing loop unit comprising at least one loop,
wherein each of the at least one loop comprises two
sub-loops separated by a predetermined distance;

a second sensing loop unit arranged in an outermost part of
the sensing apparatus and comprising a single loop;

an area determination loop unit that determines one of the
two sub-loops of each of the at least one loop that cor-
responds to the input point; and

a controller that determines a plurality of candidates of the
input point based on a first input signal from the first
sensing loop unit when an input of the touch lies in the
first sensing loop unit, and determines the input point
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from among the plurality of candidates of the input point
based on a second input signal from the area determina-
tion loop unit.

12. The sensing apparatus of claim 11, wherein the con-
troller determines the input point based on an input signal
from the second sensing loop unit when the input of the touch
lies in the second sensing loop unit.

13. A method of controlling a sensing apparatus having a
sensing loop unit that includes at least one loop each having
two sub-loops separated by a predetermined distance, and an
area determination loop unit that determines one of the two
sub-loops of each of the at least one loop that corresponds to
the input point, the method comprising the steps of:

receiving a first input signal from the sensing loop unit and
a second input signal from the area determination loop
unit;

determining a plurality of candidates of an input point
based on the first input signal from the sensing loop unit;
and

determining the input point from among the plurality of
candidates of the input point based on the second input
signal from the area determination loop unit.

14. A sensing apparatus for determining an input point of a

touch, the sensing apparatus comprising:

a substrate that includes first, second, third, and fourth
areas;

a sensing loop unit comprising a first set of at least one loop
having two sub-loops each arranged in either the first or
third area, and a second set of at least one loop having
two sub-loops each arranged in either the second or
fourth area;

an area determination loop unit that includes a first area
determination loop arranged in the first area or a part of
the first and second areas, and a second area determina-
tion loop arranged in the fourth area or a part of the third
and fourth areas; and

a controller that determines a plurality of candidates of the
input point based on a first input signal from the sensing
loop unit, and determines the input point from among the
plurality of candidates of the input point based on a
second input signal from the area determination loop
unit.

15. The sensing apparatus of claim 14, wherein the firstand

second sets of at least one loop have multiple windings.

16. The sensing apparatus of claim 14, further comprising

at least one single loop arranged in an outermost part of the
sensing apparatus.

17. The sensing apparatus of claim 16, wherein the at least

one single loop has multiple windings.

18. A sensing apparatus for determining an input point of a
touch, the sensing apparatus comprising:

a sensing loop unit that includes at least one loop, each
having two sub-loops separated by a predetermined dis-
tance and multiple windings;

an area determination loop unit that determines one of the
two sub-loops of each of the at least one loop that cor-
responds to the input point; and

a controller that determines a plurality of candidates of the
input point based on a first input signal from the sensing
loop unit, and determines the input point from among the
plurality of candidates of the input point based on a
second input signal from the area determination loop.
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