
Description TOUCH SENSOR AND SIGNAL GENERATION METHOD
THEREOF Technical Field [1] The present invention
relates to an electrical touch sensor, and more
particularly, to a touch sensor and a signal
generation method thereof, that are capable of auto
matically adjusting delay time variations without a
procedure of adjusting a value of a capacitor or the
like in a production process to correct the delay time
of an initially set delay time due to change in
environment such as temperature, operating power
supply voltage, and moisture. Background Art [2] In
general, values such as delay times of signals
generated in a typical electrical touch sensor are set
in the production process, so that it is impossible to
adjust the set values even when the values varies due
to several factors in actual use. [3] FlG. 1 is a
block diagram showing the configuration of a
conventional touch sensor, which has an input signal
generation unit 10, a reference signal generation unit
20, a plurality of touch sensing signal generation
units 30-1 to 30-n, and a plurality of touch signal
generation units 40-1 to 40-n. [4] Referring to FlG.
1, the input signal generation unit 10 generates an
Alternate Current (AC) signal or a clock signal as an
input signal R_Sig and applies it to the reference
signal generation unit 20 and each of the touch
sensing signal generation units 30-1 to 30-n. [5] The
reference signal generation unit 20 always delays an
input signal R_Sig by a predetermined time regardless
of whether a touch pad is touched with an object,
thereby generating a reference signal Sigl. [6] The
touch sensing signal generation units 30-1 to 30-n
have respective touch pads PAD with which the object
is touched, and generate sensing signals Sig2-1 to
Sig2-n. The delay time of each sensing signal when the
touch pad is touched with the object is longer than
that of each sensing signal when the touch pad is not
touched with the object. [7] Here, any object having a
predetermined capacitance can be the object, and a
repre sentative example thereof is a human body
capable of storing a large amount of charges. [8] The
touch signal generation units 40-1 to 40-n sample and
latch the sensing signals Sig2-1 to Sig2-n outputting
from the respective touch sensing signal generation
units 



30-1 to 30-n in synchronization with the reference
signal Sigl. And, the touch signalgeneration units
40-1 to 40-n output respective touch signals Sl to Sn.
[9] FlG. 2 is a circuit diagram showing the detailed
configuration of the touch sensor of FIG. 1. [10]
Referring to FIG. 2, the reference signal generation
unit 20 is composed of a first resistor Rl and a
capacitor C, each of the touch sensing signal
generation units 30-1 to 30-n is composed of second
resistor R2-1 to R2-n and pads, and each of the touch
signal generation units 40-1 to 40-n is composed of a
D flip-flop. [11] The first resistor Rl and the
capacitor C are set such that each of the delay times
be tween the input signal generation 10 and the D
input of each flip-flop is shorter than the delay time
between the input signal generation 10 and the
capacitor C when the touch pad PAD is not touched with
the object, and each of the delay times between the
input signal generation 10 and the D input of each
flip-flop is longer than the delay time between the
input signal generation 10 and the CLK input of each
flip-flop when the touch pad PAD is touched with the
object. [12] The second resistors R2-1 to R2-n are set
to match delay components between the input signal
generation unit 10 and the respective touch pads PAD
to be equal to each other. And each of the touch pad
PADs acts to generate a capacitance corresponding with
a capacitance of the object. [13] That is, a delay
time of the reference signal generation unit 20 is
constant regardless of whether a touch pad is touched
with an object. And each delay time of the touch
signal generation units 30-1 to 30-n is shorter than
the reference signal generation unit 20 when each
corresponding touch pad PAD is not touched with the
object, but each delay time of the touch signal
generation units 30-1 to 30-n is longer than the
reference signal generation unit 20 when the touch pad
PAD is touched with the object. The D flip-flops 40-1
to 40-n are triggered in synchronization with the
reference signal Sigl, and latch and output the
sensing signals Sig2-1 to Sig2-n. Each touch sensing
signal generation unit might have different delay when
the touch pad PAD is not touched with the object. That
is, product values of the resistors R2-1 to R2-n and
the capacitor from the PAD could be different from
each other. Here, the capacitor is mainly from line
lengths between a touch pad and a touch signal
generation unit. The line lengths may not be equal in
actual application and the resistors R2-1 to R2-n may
not be equal due to their variation. Thus, each
sensing signal delay against the reference signal
delay may vary for different line lengths between the
touch pad and the touch signal generation unit, so
that means for correcting delays to be the same in the
production process are strongly demanded to realize
equal sensitivity for all touch pads. Even 



when such problems are solved in the production
process, circumstances such as temperature, operating
power supply voltage, and moisture, or set values or
durability of discrete elements such as resistors or
capacitors disposed within the touch sensormay vary in
actual use. Conseqently, delay times between the
reference signal and the sensing signal may vary from
the initially set value, which thus prevents the touch
sensor from keeping presice sensitivity. Disclosure of
Invention Technical Problem [14] In order to solve the
foregoing and/or other problems, it is an objective of
the present invention to provide a touch sensor having
a function of automatically adjusting a delay time to
keep presice sensitivity and to prevent malfunction of
the touch sensor in advance, and a signal generation
method thereof. Technical Solution [15] In one aspect,
the invention is directed to a touch sensor including:
an input signal generation unit generating an input
signal; a reference signal generation unit delaying
the input signal by a predetermined time to generate a
first signal; a plurality of touch sensing signal
generation units having a touch pad and delaying the
input signal differently according to whether or not
the touch pad is touched to generate a second signal;
a plurality of variable delay units varying a delay
time in response to a control signal and delaying the
second signal in response to the varied delay time to
generate a varied second signal; a plurality of touch
signal generation units generating a touch signal
according to a difference in delay time between the
first signal and the second signal; and a control unit
receiving and analyzing the plurality of touch
signals, generating touch outputs when the touch pad
is in a touched state, and supplying the control
signals to the variable delay units when the touch pad
is in a standby state. [16] The reference signal
generation unit may have a plurality of serially
connected inverters. [17] The reference signal
generation unit may have a capacitor connected to a
ground voltage. [18] Each of the touch sensing signal
generation units may generate the second signal by
delaying the input signal longer than the first signal
when the touch pad is in a touched state and by
delaying the input signal shorter than the first
signal when the touch pad is not in a touched state.
[19] Each of the variable delay units may have a
plurality of delay components and receive the control
signals from the control unit so that some of the
delay components may be activated in response to the
control signals, and may delay the second signals 



by delay times of the activated delay components to
output the varied second signals. [20] Each of the
delay components may have a multiplexer outputting one
of two inputs in response to the control signal, and a
plurality of inverters receiving an output of the
multiplexer as an input and delaying the input by a
predetermined time to output theinput. [21] Each of
the touch signal generation units may be a flip-flop
which latches the varied second signal in response to
the first signal and generates the touch signal. [22]
Each of the touch signal generation units may be a
flip-flop which latches the first signal in response
to the varied second signal and generates the touch
signal. [23] In the standby state, the control unit
holds the most recent touch outputs until delay
calibrations which actually are adjustments of the
control signals to all of the variable delay units are
completed. [24] The control unit may sequentially
supply the control signals to the respective variable
delay units and those adjustments of the control
signals to the variable delay units should be done
only when the touch pad is not in the touched state.
The delay calibration is cancelled when the touch pad
turns to be in the touched state. [25] The control
unit may supply the control signal and obtain the
delay value as the minimum delay value beyond that the
touch signal generation unit will have it s output to
indicate the touched state.. The control unit uses the
minimum delay value to adjust a sensitivity of the
touch pad. [26] In another aspect, the invention is
directed to a signal generation method of a touch
sensor including: generating an input signal; delaying
the input signal by a pre determined time to generate
a first signal; delaying the input signal differently
according to whether a touch pad is touched to
generate a second signal; varying a delay time in
response to a control signal and delaying the second
signal in response to the varied delay time to
generate a varied second signal; generating a touch
signal according to a difference in delay time between
the first signal and the second signal; and receiving
and analyzing the touch signal, generating a touch
output when the touch pad is in a touched state, and
adjusting the control signal when the touch pad is in
a standby state. [27] Adjusting the control signal may
have holding the most recent touch outputs in the
standby state, varying the control signal, and
receiving the touch signal to obtain a minimum delay
value; and adjusting the control signal using the
obtained minimum delay value. [28] Obtaining the
minimum delay value may have obtaining the control
signal as the minimum delay value when a value of the
touch signal becomes a value indicating that 



the touch pad is in a touched state while varying the
control signal. [29] Adjusting the control signal may
have checking whether the adjustment of the control
signal is performed in a normal condition; determining
the control value using the obtained minimum delay
value, and generating the determined control value as
the control signal upon determination that the
adjustment is performed in the normal condition; and
releasing the holding of the touch output upon
determination that theadjustment is not performed in
the normal condition. [30] Adjusting the control
signal may have releasing the holding of the touch
output when the adjustment of the control signal is
completed. [31] The control value may be determined by
calculating a difference between the minimum delay
value and a touch sensitivity of the touch pad. [32]
The normal condition may be a condition that a touch
pad is not touched with an object. Advantageous
Effects [33] According to the present invention as
described above, a touch sensor and a signal
generation method thereof automatically adjust the
delay time changes of the internal signals of the
touch sensor which occur due to change in environment
such as temperature, operating power supply voltage,
and moisture during the operation of the touch sensor
without additional external adjustment, so that the
mis-operation associated with a touch of the touch
sensor may be prevented. Brief Description of the
Drawings [34] The foregoing and other objects,
features and advantages of the invention will be
apparent from the more particular description of a
preferred embodiment of the invention, as illustrated
in the accompanying drawings. The drawing is not
necessarily to scale, emphasis instead being placed
upon illustrating the principles of the invention.
[35] FlG. 1 is a block diagram showing the
configuration of a conventional touch sensor; [36]
FlG. 2 is a circuit diagram showing the detailed
configuration of the touch sensor of FIG. 1; [37] FlG.
3 is a block diagram showing the configuration of a
touch sensor in accordance with an exemplary
embodiment of the present invention; [38] FIGS. 4A and
4B are circuit diagrams showing the detailed
configuration of the touch sensor of FlG. 3; [39]
FIGS. 4C and 4D illustrate examples of the operation
of a variable delay unit in the touch sensor of FlG.
4B; and [40] FlG. 5 is a flowchart showing the
procedure of adjusting a delay time of the touch
sensor in accordance with an exemplary embodiment of
the present invention. 



Best Mode for Carrying Out the Invention [41]
Hereinafter, the touch sensor and the signal
generation method thereof will be described with
reference to the accompanying drawings. [42] FlG. 3 is
a block diagram showing the configuration of a touch
sensor in accordance with an exemplary embodiment of
the present invention. [43] As shown in FlG. 3, the
touch sensor of the present invention includes an
input signal generation unit 10, a reference signal
generation unit 20, a plurality of touchsensing signal
generation units 30-1 to 30-n, a plurality of variable
delay units 35-1 to 35-n, a plurality of touch signal
generation units 40-1 to 40-n, and a control unit 50.
[44] The input signal generation 10 generates an AC
signal or a clock signal as an input signal R_Sig and
applies it to the reference signal generation unit 20
and each of the touch sensing signal generation units
30-1 to 30-n. [45] The reference signal generation
unit 20 always delays the input signal R_Sig by a
predetermined time regardless of whether a touch pad
is touched with an object to generate a reference
signal Sigl. [46] Each of the touch sensing signal
generation units 30-1 to 30-n has a touch pad PAD to
be touched with an object, delays the input signal
R_Sig by a delay time longer than the delay time of
the reference signal Sigl when the touch pad PAD is
touched with the object, and delays the input signal
R_Sig by a delay time shorter than the delay time of
the reference signal Sigl when the touch pad PAD is
not touched with the object, thereby generating the
sensing signals Sig2-1 to Sig2-n having delay times
different from the delay time of the reference signal
Sig 1. [47] Any object having a predetermined
capacitance may be applied to the object which touchs
on the PAD, and a representative example thereof is a
human body capable of storing a large amount of
electric charges. [48] The variable delay units 35-1
to 35-n vary the delay times of the sensing signals
Sig2-1 to Sig2-n in response to control signals Dl to
Dn supplied from the control unit 50, and output
variable delay signals VSig-1 to VSig-n in response to
the varied delay times, respectively. [49] The touch
signal generation units 40-1 to 40-n sample and latch
the variable delay signals VSig-1 to VSig-n in
synchronization with the reference signal Sigl, and
output touch signals Sl to Sn, respectively. [50] The
control unit 50 senses that the touch sensor is in an
operation mode when the touch pad PAD is touched with
the object and the touch signals Sl to Sn are con
tinuously changed, and receives the touch signals Sl
to Sn from the touch signal generation units 40-1 to
40-n corresponding to the touch pad PAD touching the
object 



to generate touch outputs TOut-1 to TOut-n.
Alternatively, the control unit 50 senses that the
touch sensor is in a standby mode when the touch pad
PAD is not touched with the object and the touch
signals Sl to Sn are not changed for a predetermined
time, and starts a adjustment of the delay time of the
variable delay units 35-1 to 35-n through a adjustment
of the control signals Dl to Dn. [51] The control unit
50 holds the most recent touch outputs TOut-1 to
TOut-n of the respective touch pads PAD, and
sequentially adjusts the control signals Dl to Dn for
the respective variable delay units 35-1 to 35-n in
order to prevent the adjustment of the delay time from
affecting general operation of the touch sensor.[52]
The control unit 50 varies the control signals Dl to
Dn to repeatedly control the delay times of the
respective variable delay units 35-1 to 35-n so that
it obtains delay times when values of the touch
signals Sl to Sn start to be the same as values
occurring when the touch pad PAD is in a touched
state, that is, it extracts control values of the
control signals as minimum delay values Dl(TH) to
Dn(TH). [53] For example, on the assumption that the
touch signal Sl has a logical "High" level when the
touch pad is touched with the object and has a logical
"Low" level when the touch pad is not touched with the
object, the control unit 50 repeatedly performs
adjusting the delay time of the respective variable
delay unit 35-1 and receiving the touch signal Sl
corresponding to the adjusted delay time and obtains
control values Dl as minimum delay value Dl(TH) when
logic level of the touch signal Sl translates "Low"
level into "High" level. And the control unit 50
calculates differences between the minimum delay
values Dl(TH) and the pre-defined sensitivity value of
the touch pads to determine the control value, and
transmits the determined control value to the variable
delay unit 35-1 as the control signal Dl, thereby
sufficiently securing an error margin of the touch
sensor. [54] That is, the control unit 50, while
considering the touch sensitivity of the touch pad PAD
when the touch pad PAD is not in a touched mode in
order to have correct touch outputs Sl to Sn generated
when the touch pads PAD is touched with the object,
controls the variable delay units 35-1 to 35-n such
that the delay time of the reference signal Sigl and
each delay time of the variable delay signals VSig2-l
to VSig2-n are different from each other, thereby and
outputs the variable delay signals VSig2-l to VSig2-n.
[55] The sensitivity of the touch pad increases
according to the size of the touch pad and is an
obtained value from repeated experiments. [56] The
control unit 50 then checks whether the the touch
sensor is in a normal condition before the adjustment
of the delay time for each variable delay unit was 



excuted, cancels the adjustment of the delay time for
the variable delay unit and remains in a standby mode
for the next adjustment, and performs the adjustment
of the delay time for the next variable delay unit
when the delay time adjustment was performed in the
normal condition. And the control unit 50 releases the
holding of the touch outputs TOut-1 to TOut-n when the
adjustment of the delay time for all of the variable
delay units is completed such that the touch outputs
TOut-1 to TOut-n are renewd to new values according to
the touch inputs on the touch PADs. [57] Here, the
normal condition is a condition that the touch pad PAD
is not being touched with the object. [58] FIGS. 4A
and 4B are circuit diagrams showing the detailed
configuration of the touch sensor of FIG. 3.[59] A
reference signal generation unit 20 is composed of a
first resistor Rl and a capacitor C. [60] Although not
shown in FlG. 4A, it is apparent that the reference
signal generation unit 20 may be composed of a
plurality of inverters which are serially connected to
one another and have predetermined delay times to
perform the same function instead of the delay circuit
composed of the first resistor Rl and the capacitor C.
[61] Touch sensing signal generation units 30-1 to
30-n have second resistors R2-1 to R2-n disposed
between an input signal generation unit 10 and
variable delay units 35-1 to 35-n, and touch pads PAD.
Touch pads PAD allowing objects having capacitances to
be touched are disposed between the second resistors
R2-1 to R2-n and the variable delay units 35-1 to
35-n, respectively. [62] In here, functions of the
first resistor Rl, the capacitor C, and the second
resistors R2-1 to R2-n are the same as those described
with reference to FlG. 2. [63] Touch signal generation
units 40-1 to 40-n are composed of respective D
flip-flops, which receive variable delay signals
VSig2-l to VSig2-n as inputs D from the respective
variable delay units 35-1 to 35-n and receive a
reference signal Sigl of the reference signal
generation unit 20 as a clock input CLK to generate
touch signals Sl to Sn. [64] The variable delay unit
35-n may be composed of a buffer 110 and a plurality
of delay cells 100-1 to 100-m, and each of the delay
cells 100-1 to 100-m may be composed of one
multiplexer MUX and two inverters INV as shown in FlG.
4B. [65] The multiplexer MUX has two inputs, one
output, and a selection input for selecting one input
of the two inputs, and values of the selection inputs
sel[l]-n to sel[m]-n are controlled by a control
signal Dn supplied from a control unit 50. The two
inverters INV delay an output of the multiplexer MUX
by a predetermined time. 



[66] Referring to FlG. 4B, the delay cell 100-1
receives a ground voltage GND and a sensing signal
Sig2-n as its input, and outputs either a ground
voltage GND or a sensing signal Sig2-n according to
selection input sel[l]-n. Each of the other delay
cells 100-2 to 100-m receives a sensing signal Sig2-n
and an output of the delay cell of the previous stage
as its inputs, and outputs either a sensing signal
Sig2-n or an output of the delay cell of the previous
stage according to the selection inputs sel[2]-n to
sel[m]-n, respectively. A buffer 110 buffers the
sensing signal Sig2-n to supply it to one input of the
multiplexer MUX disposed in each of the delay cells
100-1 to 100-m. [67] In FlG. 4B, each of the delay
cells 100-1 to 100-m is composed of one multiplexer
MUX and two inverters INV, but it may be composed of
at least two inverters or other delay components.
Also, in FlG. 4B, the variable delay unit 35-n has
only one buffer 110, but one buffer may be disposed
per a predetermined interval of the delay cells in
order to prevent the sensing signal Sig2-n input to
each of the delay cells from beingattenuated. For
example, one buffer may be disposed per an interval of
10 delay cells. [68] FIGs. 4C and 4D illustrate
examples of the operation of the variable delay unit
in the touch sensor of FIG. 4B. FIG. 4C shows the
operation of the multiplexer MUX within the delay cell
disposed in the variable delay unit. The multiplexer
MUX outputs an input INl when the selection input of
the multiplexer MUX is 1O', and outputs an input IN2
when the selection input is T as shown in FIG. 4C.
[69] FIG. 4D shows an example of the variable delay
unit composed of three delay cells, which illustrates
activated states of the delay cells according to a
combination of selection inputs sel[8]-n to sel[10]-n
on the assumption that the multiplexer MUX disposed in
each of the delay cells operates in the manner as
shown in FIG. 4C. [70] As shown in FIG. 4D, activated
delay cells are different according to the combination
of the selection inputs sel[8]-n to sel[10]-n. The
third delay cell (100-10) is activated when the
combination of the selection inputs sel[8]-n sel[9]-n
sel[10]-n is 'xxO'. That is, the sensing signal Sig2-n
is delayed by a delay time corresponding to one delay
cell 100-10 and then output. [71] In here, the
selection input of the multiplexer MUX indicated as
'x' means "Don't Care" state. [72] When the
combination of the selection inputs sel[8]-n sel[9]-n
sel[10]-n is 'xOl', the second delay cell 100-9 and
the third delay cell 100-10 are activated, and the
sensing signal Sig2-n is delayed by a delay time
corresponding to the two activated delay cells 100-9
and 100-10 and then output. [73] When the combination
of the selection inputs sel[8]-n sel[9]-n sel[10]-n is
'Oil', all the delay cells 100-8, 100-9, and 100-10
are activated, and the sensing signal Sig2-n is 



delayed by a delay time corresponding to the three
activated delay cells 100-8, 100-9, and 100-10 and
then output. [74] In FIG. 4A, each of the touch signal
generation units 40-1 to 40-n is composed of a D
flip-flop, however, in actual use, the touch signal
generation unit may be composed of a JK flip-flop or a
latch circuit, which is capable of obtaining and
latching the variable delay signal VSig2-n in
synchronization with the reference signal Sigl. [75]
The D flip-flop in synchronization with the reference
signal Sigl is described in the embodiment of the
present invention, however, it is apparent that the D
flip-flop may be configured to obtain and latch the
reference signal Sigl in synchronization with the
variable delay signal VSig2-n to output the touch
signal Sn. [76] A plurality of touch pads and a
plurality of touch sensing signal generation units
corresponding to the pads are described in the
embodiment of the present invention, however, it is
apparent to those skilled in the art that a touch
sensing signal generation unit, a variable delay unit,
and a touch signal generation unit, which correspond
to one touch pad in the touch sensor composed of the
one touch pad, may also be implemented. [77] FlG. 5 is
a flowchart showing the procedure of adjusting a delay
time of the touch sensor in accordance with an
exemplary embodiment of the present invention. In
particular, it illustrates the procedure of adjusting
the delay time performed by the control unit 50 of a
touch sensor. It is assumed that the number of
variable delay units is twelve in the embodiment of
FlG. 5. [78] First, the control unit 50 holds the most
recent touch output of the touch pad before starting
to adjust the delay time to prevent the adjustment of
the delay time of the variable delay unit from
affecting general operation of the touch sensor (Step
SlO). [79] The control unit 50 then initializes an "i"
value (Step S20). In here, "i" is set as zero in
initial state, "i" indicates the order of the variable
delay units which are included in the touch sensor and
perform the adjustment of the delay time of the delay
time. [80] The "i" value is then increased by one
(Step S30). That is, "i" becomes one, and the
adjustment of the delay time is carried out by the
first variable delay unit 35-1 of FIGS. 4A and 4B.
[81] The control unit 50 sets the delay value Di as a
minimum value so that the number of activated delay
cells included in the i-th variable delay unit 35-i
become the minimum (Step S40). [82] And the control
unit 50 checks whether the value of the touch signal
Si is equal to a value when the touch pad is in the
touched state (Si = 1) (Step S50). [83] When the value
of the touch signal Si is not equal to a value when
the touch pad is 



in the touched state (Si ? 1), the control unit 50
increases the number of activated delay cells included
in the i-th variable delay unit 35-i by one to
increase the delay value Di by one (Step S60), and
repeats the previous step (Step S50). [84] When the
value of the touch signal Si is equal to a value when
the touch pad is in the touched state (Si = 1), the
control unit 50 obtains the delay value Di as the
minimum delay value Di(TH) at this time (Step S70).
[85] That is, the control unit 50 increases the delay
value Di from the minimum value in a stepwise manner
until the delay value Di is equal to the delay value
of the touch signal occurring when the touch pad is in
the touched state, so that it obtains, as the minimum
delay value Di(TH) of the i-th variable delay unit
35-i. [86] The control unit 50 then checks whether the
current adjustment of the delay time is performed in a
normal condition (Step S80). [87] That is, the control
unit 50 calculates a difference value between the
minimum delay value Di(TH) obtained in the previous
adjustment of the delay time and the minimum delay
value Di(TH) obtained in the current adjustment
operation, and compares the difference value with a
pre-defined constant value that the difference will
exceed only when the touch pad is touched with the
object.[88] When the difference value is smaller than
the pre-defined constant value, the control unit 50
determines the touch pads PAD are not touched with the
object, and vice versa. [89] When it is determined
that the adjustment of the delay time is carried out
in the normal condition by Step S80, the control unit
50 calculates a control value of the variable delay
unit using the minimum delay value Di(TH) and the
sensitivity of the touch pad determined by an
experiment, and transmits the obtained control value
as a control signal Di for adjusting the delay time of
the fth variable delay unit 35-i(Step S90). [90] When
it is determined that the adjustment of the delay time
is not carried out in the normal condition, the
control unit 50 proceeds to a step (Step SIlO) of
releasing the holding of the touch output to cancel
the phase adjustment with respect to the variable
delay unit 35-i and remain in a standby mode for the
next adjustment. [91] The control unit 50 then checks
whether the i value is equal to the number of the
variable delay units 35-1 to 35-n included in the
touch sensor (Step SlOO). [92] That is, on the
assumption that twelve variable delay units are
present as described above, the control unit 50
confirms that the adjustment of the delay time for all
of the variable delay units 35-1 to 35-n has been
carried out when the i value becomes twelve,
terminates the adjustment of the delay time, and
releases the holding of the 



touch output to allow the value of the touch output to
be renewd to a new value when the touch pad is in the
touched state (Step Sl 10). [93] But when the i value
is not twelve, the control unit 50 returns to Step S30
to carry out the adjustment of the delay time for the
next variable delay unit 35-(i+l). [94] Preferred
embodiments of the present invention have been
disclosed herein and, although specific terms are
employed, they are used and are to be interpreted in a
generic and descriptive sense only and not for purpose
of limitation. [95] Accordingly, it will be understood
by those of ordinary skill in the art that various
changes in form and details may be made without
departing from the spirit and scope of the present
invention as set forth in the following claims.Claims
[1] A touch sensor, comprising: an input signal
generation unit generating an input signal; a
reference signal generation unit delaying the input
signal by a predetermined time to generate a first
signal; a plurality of touch sensing signal generation
units having a touch pad and delay ing the input
signal differently according to whether or not the
touch pad is touched to generate a second signal; a
plurality of variable delay units varying a delay time
in response to a control signal and delaying the
second signal in response to the varied delay time to
generate a varied second signal; a plurality of touch
signal generation units generating a touch signal
according to a difference in delay time between the
first signal and the second signal; and a control unit
receiving and analyzing the plurality of touch
signals, generating touch outputs when the touch pad
is in a touched state, and supplying the control
signals to the variable delay units when the touch pad
is in a standby state. [2] The touch sensor according
to claim 1, wherein the reference signal generation
unit has a plurality of serially connected inverters.
[3] The touch sensor according to claim 1, wherein the
reference signal generation unit has a capacitor
connected to a ground voltage. [4] The touch sensor
according to claim 1, wherein each of the touch
sensing signal generation units generates the second
signal by delaying the input signal longer than the
first signal when the touch pad is in a touched state
and delaying the input signal shorter than the first
signal when the touch pad is not in a touched state.
[5] The touch sensor according to claim 1, wherein
each of the variable delay units 



has a plurality of delay components and receives the
control signals from the control unit so that some of
the delay components are activated in response to the
control signals, and delays the second signals by
delay times of the activated delay components to
output the varied second signals. [6] The touch sensor
according to claim 5, wherein each of the delay
components has a multiplexer outputting one of two
inputs in response to the control signals, and a
plurality of inverters receiving an output of the
multiplexer as an input and delaying the input by a
predetermined time to output the input. [7] The touch
sensor according to claim 1, wherein each of the touch
signal generation units is a flip-flop which latches
the varied second signal in response to the first
signal and generates the touch signal.[8] The touch
sensor according to claim 1, wherein each of the touch
signal generation units is a flip-flop which latches
the first signal in response to the varied second
signal and generates the touch signal. [9] The touch
sensor according to claim 1, wherein in the standby
state, the control unit holds the most recent touch
output until adjustment of the control signal for all
of the touch pads is completed. [10] The touch sensor
according to claim 9, wherein the control unit
sequentially supplies the control signals to the
respective variable delay units while the touch pad is
not in the touched state. [11] The touch sensor
according to claim 5, wherein the control unit obtains
the control signal as minimum delay value when a value
of the touch signals becomes a value indicating that
the touch pad is in the touched state, and calculates
differences between the minimum delay value and a
sensitivity of the touch pad to determine a control
value of the control signals. [12] A method of
generating a touch signal of a touch sensor,
comprising: generating an input signal; delaying the
input signal by a predetermined time to generate a
first signal; delaying the input signal differently
according to whether a touch pad is touched to
generate a second signal; varying a delay time in
response to a control signal and delaying the second
signal in response to the varied delay time to
generate a varied second signal; generating a touch
signal according to a difference in delay time between
the first signal and the second signal; and receiving
and analyzing the touch signal, generating a touch
output when the touch pad is in a touched state, and
adjusting the control signal when the touch 



pad is in a standby state. [13] The method according
to claim 12, wherein adjusting the control signal
comprises: holding the most recent touch outputs in
the standby state, varying the control signal, and
receiving the touch signal to obtain a minimum delay
value; and adjusting the control signal using the
obtained minimum delay value. [14] The method
according to claim 13, wherein obtaining the minimum
delay value comprises: obtaining the control signal as
the minimum delay value when a value of the touch
signal becomes a value indicating that the touch pad
is in a touched state while varying the control
signal. [15] The method according to claim 13, wherein
adjusting the control signal comprises:checking
whether the adjustment of the control signal is
performed when the touch pad is in a non-touched
state; determining a control value using the obtained
minimum delay value, and generating the determined
control value as a control signal upon determination
that the adjustment is performed when the touch pad is
in the non-touched state; and releasing the holding of
the touch output upon determination that the
adjustment is not performed when the touch pad is in
the non-touched state. [16] The method according to
claim 13, wherein adjusting the control signal further
comprises: releasing the holding of the touch output
when the adjustment of the control signal is
completed. [17] The method according to claim 15,
wherein the control value is determined by calculating
a difference between the minimum delay value and a
touch sensitivity of the touch pad. 


