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ELECTRONIC APPARATUS AND METHOD
FOR DETECTING STATUS OF KEYS
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 104141977, filed on Dec. 14,
2015. The entirety of the above-mentioned patent applica-
tion is hereby incorporated by reference herein and made a
part of this specification.

BACKGROUND OF THE INVENTION

[0002] Field of the Invention

[0003] The invention generally relates to an electronic
apparatus, and more particularly, to an electronic apparatus
having anti-ghosting (N-key rollover) capability and a detec-
tion method of status of keys thereof.

[0004] Description of Related Art

[0005] With reference to FIG. 1, FIG. 1 illustrates a
conventional keyboard apparatus 100. The keyboard appa-
ratus 100 may include keys SW1-SW4 and comparators 10,
20. The key SW1 is coupled between a driving line DL.1 and
a sensing line SL.1. The key SW2 is coupled between the
driving line DL1 and a sensing line SL.2. The key SW3 is
coupled between a driving line DL.2 and the sensing line
SL1. The key SW4 is coupled between the driving line DL2
and the sensing line SL.2. The comparator 10 is coupled to
the sensing line SL1 to receive a voltage signal SV1 and
compares the voltage signal SV1 with a reference voltage
Vref. Similarly, the comparator 20 is coupled to the sensing
line SL.2 to receive a voltage signal SV2 and compares the
voltage signal SV2 with the reference voltage Vref.

[0006] During a process of detecting a press status of the
keys SW1-SW4, the driving line DL1 is driven to a voltage
potential and the driving line DL2 is driven to another
voltage potential. When the driving line DL1 is driven to the
voltage potential, the keys SW1 and SW2 may respectively
transmit the corresponding voltage signals SV1, SV2 to the
comparators 10, 20 through the sensing lines SL.1, SL.2
according to the press status of the keys SW1, SW2. Then,
the voltage signals SV1, SV2 are respectively compared to
the reference voltage Vref by the comparators 10, 20 to
determine the press status of the keys SW1, SW2. Similarly,
the driving line DL2 is driven to a voltage potential and the
driving line DL1 is driven to another voltage potential.
When the driving line DL2 is driven to the voltage potential,
the keys SW3 and SW4 may respectively transmit the
voltage signals SV1, SV2 to the comparators 10, 20 through
the sensing lines SL.1, SL.2 according the press status of the
keys SW3 and SW4. Then, the voltage signals SV1, SV2 are
respectively compared to the reference voltage Vref by the
comparators 10, 20 to determine the press status of the keys
SW3 and SW4.

[0007] It should be noted that as the number of the keys in
the keyboard apparatus increases, the number of the sensing
lines would increases, which causes the number of the
comparators coupled to the sensing lines for comparing the
voltages to increase as well. However, the comparators may
have different tolerances due to the drift occurred during the
manufacturing fabrication, which may cause misjudgment
on the press status of the keys. Therefore, calibrations are
performed on each of the comparators to obtain an offset
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corresponding to each of the comparators, so as to accurately
detect the press status of the corresponding keys. Since the
process of detecting the status of the keys must store the
offset of each of the comparators, such would consume more
circuitry resources.

SUMMARY OF THE INVENTION

[0008] Accordingly, the disclosure provides an electronic
apparatus and a method for detecting the key status of the
electronic apparatus. In the disclosure, a conversion circuit
having calibration mechanism of the electronic apparatus,
which is responsible for other system functions (such as
temperature control function or power monitor function,
etc.), may be utilized to assist scan operation of the key
status of the electronic apparatus. As a result, in addition to
the benefit of accurately determine the press status of the
keys, the circuit resource of the electronic apparatus is
maximized.

[0009] The electronic apparatus of the disclosure includes
a key module, a key control circuit, a conversion circuit
having calibration mechanism, and a processor. The key
module includes a plurality of keys, at least one first line and
at least one second line, wherein the at least one first line and
the at least one second line are coupled to the keys to drive
the keys or sense the keys. The key control circuit may be
coupled to the at least one first line and the at least one
second line. The key control circuit detects whether any one
of the keys is pressed, if a detection result is affirmative, the
key control circuit scans a press status of each of the keys,
and accordingly, obtains a coarse scan result. The conver-
sion circuit having calibration mechanism includes a switch
circuit. The switch circuit may be coupled to a first circuit to
receive a first sensing signal. The switch circuit may also be
coupled to the key control circuit to receive at least one
second sensing signal on the at least one second line through
the key control circuit, and controlled by a switch signal to
pre-select the first sensing signal as an analog signal. The
conversion circuit having the calibration mechanism per-
forms a conversion on the analog signal to generate a first
result. The processor may be coupled to the key control
circuit and the conversion circuit having calibration mecha-
nism. The processor executes a system function correspond-
ing to the first sensing signal according to the first result.
When the processor determines that at least one of the keys
is not pressed according to the coarse scan result, the
processor generates the switch signal to cause the switch
circuit to select one of the at least one second sensing signal
as the analog signal, so that the conversion circuit having the
calibration mechanism performs the conversion on the ana-
log signal to generate a second result, and the processor
re-determines the press status of the at least one of the keys
according to the second result.

[0010] According to one of the exemplary embodiment of
the disclosure, in a first scan stage, the key control circuit
sequentially selects one of the at least one first line, and
parallelly scans the press status of each of the keys on the
selected first line through the at least one second line, so as
to generate the coarse scan result.

[0011] According to one of the exemplary embodiment of
the disclosure, in a detection stage, the key control circuit
parallelly drives the at least one first line to an identical
potential, and parallelly detects whether any one of the keys
is pressed as a detection result through the at least one
second line. The key control circuit determines whether any
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one of the keys is pressed according to the detection result
in the detection stage, if a determination result is affirmative,
the key control circuit enters into the first scan stage.
[0012] According to one of the exemplary embodiment of
the disclosure, the key control circuit includes at least one
comparator circuit and a main control circuit. The at least
one comparator circuit may be coupled to the at least one
second line and the processor. The main control circuit may
be coupled to the at least one first line and the processor. The
main control circuit parallelly drives the at least one first line
to a first potential in the detection stage. The at least one
comparator circuit compares a voltage of the at least one
second line with a comparison voltage to generate the
detection result. The main control circuit sequentially selects
one of the at least one first line in the first scan stage. The
main control circuit drives the selected one of the at least one
first line to the first potential and drives other of the at least
one first line to a second potential. The at least one com-
parator circuit compares a voltage of the at least one second
line with the comparison voltage to generate the coarse scan
result.

[0013] According to one of the exemplary embodiment of
the disclosure, in the first scan stage, when the processor
determines that the at least one of the keys is not pressed
according to the coarse scan result, the processor enters into
a second scan stage and drives the first line corresponding to
the key not pressed to a first potential and other of the at least
one first line to a second potential through the key control
circuit. The processor generates the switch signal to cause
the switch circuit to select the second sensing signal of the
second line corresponding to the key not pressed as the
analog signal, so that the conversion circuit having the
calibration mechanism performs the conversion to the ana-
log signal to generate the second result. The processor
compares the second result and a threshold value to re-
determine the press status of the key not pressed.

[0014] According to one of the exemplary embodiment of
the disclosure, the conversion circuit having the calibration
mechanism further includes an analog-to-digital converter.
The analog-to-digital converter may be coupled to the
switch circuit to receive the analog signal and perform an
analog-to-digital conversion to the analog signal to generate
the first result or the second result, wherein the analog-to-
digital converter has calibration mechanism.

[0015] According to one of the exemplary embodiment of
the disclosure, the first circuit comprises a temperature
sensor or a power measurement circuit, and the processor
executes a temperature control function or a power monitor
function of the system function according to the first result.
[0016] In the disclosure, the method for detecting the key
status may be adapted to a key module of an electronic
apparatus. The method for detecting the key status includes
the following steps. In a detection stage, whether any one of
a plurality of keys in the key module is pressed may be
detected by a key control circuit of the electronic apparatus.
If a detection result is affirmative, the process enters into a
first scan stage. In the first scan stage, a press status of each
of the keys may be detected by the key control circuit, and
accordingly, a coarse scan result is obtained. In the first scan
stage, whether at least one of the keys is not pressed is
determined according to the coarse scan result by a proces-
sor of the electronic apparatus. If a determination result
indicates that at least one of the keys is not pressed, the
process enters into a second scan stage. In the second scan
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stage, a switch signal is generated by the processor, which
causes a switch circuit in a conversion circuit having cali-
bration mechanism to be switched to select one of at least
one second sensing signal from the key module as an analog
signal for performing a conversion to the analog signal by
the conversion circuit having calibration mechanism, so as
to generate a second result. In the second scan stage, the
press status of the at least one of the keys is re-determined
according to the second result. After the re-determination of
the press status of the at least one of the keys is completed,
the switch signal is generated by the processor, so as to cause
the switch circuit to be switched back to select a first sensing
signal from a first circuit as the analog signal for performing
the conversion to the analog signal to generate a first result
by the conversion circuit having calibration mechanism. A
system function corresponding to the first sensing signal
may be executed according to the first result by the proces-
sor.

[0017] Based on the above, in the electronic apparatus and
the method for detecting the key status of the electronic
apparatus, the conversion circuit having calibration mecha-
nism, which is utilized for other system functions (such as
temperature control function or power monitor function),
may be dynamically switched to assist in a scan function of
the key module. Since a first sensing signal which the
conversion circuit having calibration mechanism is to con-
vert originally would not have instantaneous enormous
changes, the conversion circuit having calibration mecha-
nism may be dynamically and temporarily switched to assist
the scan function of the key module without affect the
original system function. As a result, the key control circuit
would not need calibration mechanism which reduces the
cost of the circuit. In addition, since the conversion circuit
having calibration mechanism is only utilized to assist the
re-scan of the key that is determined to be not pressed, time
and the number of times of the re-scan may be reduced.
Therefore, in addition to the accurate determination of the
press status of the keys, the electronic apparatus of the
disclosure also maximizes the usage of the circuit resources.
[0018] To make the above features and advantages of the
disclosure more comprehensible, several embodiments
accompanied with drawings are described in detail as fol-
lows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0020] FIG. 1 illustrates a conventional keyboard appara-
tus 100.
[0021] FIG. 2 is a schematic diagram illustrating an elec-

tronic apparatus 200 according to an exemplary embodiment
of the disclosure.

[0022] FIG. 3 is a schematic diagram illustrating the
keyboard module 220 and the key control circuit 240
illustrated in FIG. 2.

[0023] FIG. 4 is a circuit block diagram of the electronic
apparatus 200 illustrated in FIG. 2.

[0024] FIG. 5is a diagram illustrating a circuit structure of
a comparator circuit illustrated in FIG. 4.



US 2017/0168588 Al

[0025] FIGS. 6A-6C are circuit diagrams illustrating a
voltage dividing circuit formed by keys of second lines and
the comparator circuits according to one of the exemplary
embodiments of the disclosure.

[0026] FIG. 7 is a flow diagram illustrating the detection
method of detecting the status of the keys of the electronic
apparatus according to one of the exemplary embodiment of
the disclosure.

DESCRIPTION OF THE EMBODIMENTS

[0027] Reference will now be made in detail to the present
preferred embodiments of the invention, examples of which
are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers are used in the draw-
ings and the description to refer to the same or like parts.

[0028] With reference to FIG. 2, FIG. 2 is a schematic
diagram illustrating an electronic apparatus 200 according to
an exemplary embodiment of the disclosure. The electronic
apparatus 200 may include a keyboard module 220, a key
control circuit 240, a conversion circuit having a calibration
mechanism 260 and a processor 280. However, the disclo-
sure is not limited to the above parts.

[0029] With reference to FIGS. 2 and 3, FIG. 3 is a
schematic diagram illustrating the keyboard module 220 and
the key control circuit 240 illustrated in FIG. 2. The key-
board module 220 may include MxN keys, N first lines, and
M second lines, wherein M is a positive integer greater than
or equal to 1, and N is a positive integer greater than and
equal to 1. In order to make the disclosure comprehensive,
M and N are hypothetically presumed as 5, for example.
However, the disclosure is not limited thereto, M and N may
be any other values, and exemplary embodiments having
other values for M and N may be deduced from the descrip-
tion set forth below. Therefore, the keyboard module 220
illustrated in FIG. 3 may includes twenty-five keys 601-625,
five first lines L11-L15, and five second lines [.21-1.25,
where keys 601, 603-605, 611, 613 and 616 arc being
pressed. Each of the keys 601-625 includes a resistor r and
a switch sw, where the resistor r and the switch sw are
serially connected to each other, and the switch sw of the key
(e.g., key 601) may closed (conduct) in response the key
(key 601) being pressed, and the switch sw may be opened
(not conduct) in response to the key (key 625) not being
pressed.

[0030] The first lines L.11-1.15 and the second lines [.21-
[.25 may be coupled to the keys 601-625 to drive the keys
601-625 or to sense the keys 601-625. In detail, the first line
L11 is coupled to the keys 601, 606, 611, 616, 621 to drive
or sense the keys 601, 606, 611, 616, 621. The rest of the first
lines [.12-1.15 may be deduced according to the content
illustrated in FIG. 3. The second line [.21 is coupled to the
keys 601-605 to drive or sense the keys 601-605. The rest of
the second lines [.22-1.25 may be deduced according to the
content illustrated in FIG. 3. In other words, the first lines
L11-1.15 may be utilized as driving lines as well as sensing
lines, which may be configured based on the stage of the
operation or process of the key control circuit 240. Similarly,
the second lines 1.21-1.25 may be configured as driving lines
as well as sensing lines, which may be configured based on
the stage of the operation or process of the key control
circuit 240. Detail of which would be described later. The
key control circuit 240 is coupled to the first lines L11-[.15
and the second lines 1.21-25. The key control circuit 240
may detect whether any key among the keys 601-625 is

Jun. 15,2017

pressed. If a detection result is affirmative, the key control
circuit 240 may further scan a press status for each of the
keys 601-625 to obtain a coarse scan result R0O1-R25 (as
illustrated in FIG. 2.)

[0031] The conversion circuit having calibration mecha-
nism 260 (as illustrated in FIG. 2) may be coupled to a first
circuit 50 to receive a first sensing signal SC1. The conver-
sion circuit having the calibration mechanism 260 may be
further coupled to the key control circuit 240 to receive a
plurality of second sensing signals SC21-SC25 from the
second lines [.21-1.25 through the key control circuit 240.
Furthermore, the conversion circuit having calibration
mechanism 260 may be controlled by a switch signal SS to
pre-select the first sensing signal SC1 to perform a conver-
sion, so as to generate a first result DRS1.

[0032] The processor 280 may be coupled to the key
control circuit 240 and the conversion circuit having cali-
bration mechanism 260. The processor 280 may execute a
system function corresponding to the first sensing signal
SC1 according to the first result DRS1. For example, in one
of the exemplary embodiments of the disclosure, the first
circuit 50 may include a temperature sensor (e.g., thermis-
tor) or a power measurement circuit (e.g., coulomb meter.)
The first circuit 50 may be utilized to measure the tempera-
ture or the battery capacity of the electronic apparatus 200
to generate a first sensing signal SC1, however, the disclo-
sure is not limited thereto. The conversion circuit having
calibration mechanism 260 may pre-select the first sensing
signal SC1 to perform the conversion, so as to generate the
first result DRS1. The processor 280 may execute a tem-
perature control function or a power monitor function
among the system function of the electronic apparatus 200
according to the first result DRS1. In addition, the first
circuit 50 may be external to the electronic apparatus 200, or
internal to the electronic apparatus 200, which may be
designed based on the practical application.

[0033] On the other hands, since the key control circuit
240 does not have calibration mechanism, the coarse scan
result RO1-R25 obtained by scanning the press status of each
of the keys 601-625 may not be completely accurate. In
detail, as the number of the pressed keys among the keys
601-625 increases, the key control circuit 240 may misjudge
some keys among the keys 601-625 that are indeed being
pressed as keys that are not being pressed. Therefore, in one
of the exemplary embodiment, when the processor 280
determines that at least one key among the keys 601-625 are
not being pressed according the coarse scan result R01-R25,
the processor 280 may generate a switch signal SS to switch
the conversion circuit having the calibration mechanism
260, so that corresponding one of the second sensing signal
among the second sensing signals SC21-SC25 is selected for
the conversion, and accordingly generate a second result
DRS2. The processor 280 may re-determine the press status
of the at least one key among the keys 601-625 according to
the second result DRS2.

[0034] After the processor 280 re-determined the press
status of the at least one key among the keys 601-625, the
processor 280 may generate the switch signal SS, so that the
conversion circuit having calibration mechanism 260 may
be switched back to select the first sensing signal SC1 to
perform its original system function, such as the temperature
control function, the power monitor function, etc. which are
system functions that does not have instantaneous enormous
changes. Since the temperature or the power of the elec-
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tronic apparatus 200 would not be have enormous changes
instantly, the conversion circuit having the calibration
mechanism 260 may be dynamically and temporarily
switched to assist the scan function of the press status of the
keys 601-625 without affecting the original system function.
As such, the key control circuit 240 does not have to perform
calibration. In addition, since the conversion circuit having
calibration mechanism 260 is utilized to assist the re-scan
(i.e., fine scan) to the keys being determined as not pressed,
time and the number of times of the re-scans may be
reduced. Therefore, in addition to accurately determine the
press status of the keys 601-625, the circuit resources of the
electronic apparatus 200 are also maximized.

[0035] In one of the exemplary embodiment of the dis-
closure, the key control circuit 240 may be operated in a
detection stage, a first scan stage, or a second scan stage,
however, the disclosure is not limited thereto. In the detec-
tion stage, the key control circuit 240 may detect whether
any key among the keys 601-625 of the keyboard module
220 is pressed. If the key control circuit 240 determines that
none of the keys 601-625 is pressed, the key control circuit
240 may continue to operate in the detection stage, so as to
perform detection. On the contrary, if the key control circuit
240 detects any key among the keys 601-625 is pressed,
regardless one or more keys among keys 601-625 are
pressed, the key control circuit 240 then enters into the first
scan stage. In the first scan stage, the key control circuit 240
may scan each key among the keys 601-625 and compare
voltages on each of the sensing lines (e.g., the second lines
[.221-1.25) to a comparison voltage, so as to determine the
press status of each key among the keys 601-625.

[0036] With reference to FIGS. 2-4, FIG. 4 is a circuit
block diagram of the electronic apparatus 200 illustrated in
FIG. 2. The keyboard module 220 of FIG. 4 is similar to the
keyboard module 220 illustrated in FIG. 3. As illustrated in
FIG. 4, the key control circuit 240 may include comparator
circuits CMP1-CMP5 and a main control circuit 243, how-
ever, the disclosure is not limited thereto. The comparator
circuits CMP1-CMP5 may be respectively coupled to the
second lines [.21-[.25 and the processor 280, wherein the
comparator circuits CMP1-CMP5 may not have calibration
mechanism. The main control circuit 243 may be coupled to
the first lines [.11-1.15 and the processor 280. In the exem-
plary embodiment illustrated in FIG. 4, the first lines [.11-
15 may be utilized as driving lines, and the second lines
[21-1.25 may be utilized as sensing lines.

[0037] The conversion circuit having calibration mecha-
nism 260 may include a switching circuit 2601 and an
analog-to-digital converter (ADC) 2603. The switching cir-
cuit 2601 may be utilized to receive a first sensing signal
SC1 and a plurality of second signals SC21-SC25 corre-
sponding to the second lines [.21-1.25. The switch circuit
2601 may be controlled by the switch signal SS to select one
of'the first sensing signal SC1 and the second sensing signals
SC21-SC25 as an analog signal SA. The analog-to-digital
converter 2603 may be coupled to the switching circuit 2601
to receive the analog signal SA. The analog-to-digital con-
verter 2603 may perform an analog-to-digital conversion to
the analog signal SA to generate the first result DRS1 or the
second result DRS2, wherein the analog-to-digital converter
2603 has the calibration mechanism and a calibration value
of the analog-to-digital converter 2603 may be provided by
the processor 280. In one of the exemplary embodiment of
the disclosure, the analog-to-digital converter 2603 may be
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implemented by a successive approximation register ADC
(SAR ADC), counting ADC, parallel-comparator ADC, or
Dual-slope or Radiometric ADC. However, the disclosure is
not limited thereto, the type of the analog-to-digital conver-
tor 2603 may be selected based on the practical application
or design requirements.

[0038] In one of the exemplary embodiments of the dis-
closure, the processor 280 may be implemented as hardware,
firmware, or executable program code stored in a memory
which may be loaded and executed by a micro processor or
a digital signal processor (DSP). In the implementation of
hardware, the processor 280 may be a plurality of circuits or
an integrated circuit. However, the disclosure is not limited
thereto. The plurality of circuits or the integrated circuit may
be implemented by Application-Specific Integrated Circuit
(ASIC) or Field Programmable Gate Array (FPGA). The
memory may be compact disc, random access memory
(RAM), read only memory (ROM), flash memory, floppy
disc, hard drive, or Magneto-optical disc, etc.

[0039] Specifically, the circuit structure of each of the
comparator circuits CMP1-CMP5 may be the circuit struc-
ture illustrated in FIG. 5, however, the invention is not
limited thereto. FIG. 5 illustrates a comparator circuit 500,
where the comparator circuit 500 includes a comparator 504
and a resistor R. A non-inverting input of the comparator 504
is coupled to an input terminal of the comparator circuit 500,
an inverting input of the comparator 504 may receive a
comparison voltage Vemp, and an output of the comparator
504 is coupled to the output terminal of the comparator
circuit 500. The resistor R is coupled between the non-
inverting input of the comparator 504 and a power terminal
PWR. The power terminal PWR is, for example, an opera-
tion power terminal of the key control circuit 240, and the
voltage potential of the power terminal PWR is, for
example, a second potential VCC, however, the disclosure is
not limited thereto. The voltage value of the comparison
voltage Vemp may be between OV and the second potential
VCC.

[0040] With reference to FIGS. 2-5, in the detection stage,
the key control circuit 240 may parallelly drive the first lines
L11-1.15 to an identical potential, and parallelly detect
whether the keys are pressed as the detection results through
the second lines 1.21-1.25. In detail, a main control circuit
243 may parallelly drive the first line [.11-[.15 to the first
potential (e.g., O volt, but not limited thereto). The com-
parator circuits CMP1-CMP5 may respectively compare
voltages SV21-SV25 on the second lines [.21-1.25 with the
comparison voltage Vemp, so as to generate the detection
results.

[0041] For example, assuming that a resistance of the
resistor R of the comparator circuit 500 is greater than a
resistance of the resistors r in the keys 601-625. If any of the
keys (e.g., keys 601, 603-605) is pressed, which causes the
voltage SV21 on the second line [.21 to be the first potential
(e.g., 0 Volt), the comparison operation of the comparator
circuit CMP1 may obtain, for example, logic O as the
detection result. On the contrary, if no keys among the keys
606-610 is pressed, which causes the voltage SV22 on the
second line .22 to be the second potential VCC, the
comparison operation of the comparator circuit CMP2 may
obtain for example, logic 1 as the detection result. The logic
0 and logic 1 described above are for illustration, and it is
intended to limit the disclosure. The detection result of other
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second lines [.23-1.25 may be deduced from the exampled
above, and thus is not being repeated.

[0042] In one of the exemplary embodiments of the dis-
closure, the key control circuit 240 may detect whether any
one of the keys 601-625 is pressed according to the detection
result in the detection stage. If the detection result is
affirmative, the key control circuit 240 would then enter the
first scan stage. In the first scan stage, the key control circuit
240 may sequentially select one of the five first lines
L11-115 (e.g., the first line L.11), and then parallelly scans
the press status of five keys (e.g., keys 601, 606, 611, 616,
621) corresponding to the selected first line (e.g., first line
L11) through the five second lines 1.21-1.25, so as to
generate a coarse scan result (e.g., coarse scan result R01,
R06, R11, R16, R21) corresponding to the first line (e.g.,
L11).

[0043] For example, in the first scan stage, the key control
circuit 240 may first select, but not limited to, the first line
L11 and scan the press status of the five keys 601, 606, 611,
616, 621 of the first line [.11 through the five second lines
[.21-1.25, so as to generate the coarse scan results R01, R06,
R11, R16, R21 corresponding to the first line L11. Next, the
controller 240 may select the first line .12 and scan the press
status of five keys 602, 607, 612, 617, 622 of the first line
L12 through the five second lines [.21-1.25, so as to obtain
the coarse scan results R02, R07, R12, R17, R22 corre-
sponding to the first line [.12. The rest of the first lines (e.g.,
[13-1.15) may be deduced from the above example, thus it
is not being repeated here.

[0044] In detail, in the first scan stage, the main control
circuit 243 may select the first line .11 among the five first
lines [.11-1.15. The main control circuit 243 may drive the
first line 11 to the first potential (e.g., OV) and other first
lines [.12-1.15 to the second potential VCC. The comparator
circuits CMP1-CMP5 may respectively compares the volt-
ages SV21-SV25 of the second lines [.21-1.25 with the
comparison voltage Vemp, so as to generate the coarse scan
results R01, R06, R11, R16, R21 corresponding to the first
line L.11. As a result, the processor 280 may obtain the press
status corresponding to each of the keys 601, 606, 611, 616,
621 on the first line L11. Similarly, other first lines .12-1.15
may be deduced from the above example.

[0045] It should be noted that the coarse scan result
R01-R25 obtained in the first scan stage may be misjudg-
ment. In detail, in the first scan stage, as the number of the
keys being pressed among the keys 601-605 on the second
line (e.g., sensing line) [.21 increases, the potential of the
voltage SV21 on the second line 1.21 would be closer to the
second potential VCC, which may cause the keys 601-605
on the second line [.21 to be misjudged as not being pressed.
With similar rationale, other second lines [.22-1.25 may have
similar scenario.

[0046] For example, with reference to FIG. 6A, FIG. 6A
is a schematic diagram illustrating a voltage dividing circuit
formed by the keys 621-625 of the second line [.25 and the
comparator circuit CMP5. Herein, it is assumed that the first
potential is OV, the resistance of the resistor r of each of the
keys 621-625 in FIG. 6 A is much smaller as compared to the
resistance of the resistor R of the comparator circuit CMP5.
In the first scan stage, it is assumed that the first line (driving
line) [.11 is selected, where the first line (driving line) L.11
is driven to OV (i.e., the first potential), and other first lines
(driving lines) [.12-1.15 are driven to the second potential
VCC. Since no keys on the second line .25 are being
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pressed, the potential of the voltage SV25 on the second line
(sensing line) .25 equals to the second potential VCC.

[0047] With reference to FIG. 6B, FIG. 6B is a schematic
diagram illustrating another voltage dividing circuit formed
by the keys 621-625 on the second line [.25 and the
comparator circuit CMP5. As illustrated in FIG. 6B, since
the key 621 on the selected first line (driving line) L11 is
being pressed, and the keys 622-625 are not being pressed,
the potential of the voltage SV25 on the second line (sensing
line) L.25, which corresponds to the key 621, is (VCCx(r+
(r+R)). Since the resistance of the resistor r is much smaller
than the resistance of the resistor R, the potential of the
voltage SV25 would be close to OV (i.e., first potential).
Therefore, the comparator circuit CMP5 may easily deter-
mine that the key 621 is pressed.

[0048] With reference to FIG. 6C, FIG. 6C is a schematic
diagram illustrating yet another voltage dividing circuit
formed by the keys 621-625 on the second line [.25 and the
comparator circuit CMP5. When i keys (e.g., 3 keys, includ-
ing key 621) on the selected first line (driving line) [11 are
pressed, the potential of the voltage SV25 on the second line
(sensing line) L.25 is VCCxr/{[R]|(t/(i-1)]+r}=VCCx{1-1/
[i+(t/R)]}, wherein i is a positive number greater than 1 but
smaller than and equal to 5. As the variable i increases, the
potential of the voltage SV25 would be closer to the second
potential VCC, which may cause the key 621 to be mis-
judged as not being pressed by the key control circuit 240
having no calibration mechanism. As a result, it is difficult
to determine (or unable to identity) whether the key 621
corresponding to the first line (driving line) .11 and the
second line (sensing line) 1.25 is being pressed or not. It
should be noted that the misjudgment of the key control
circuit 240 having no calibration mechanism would only
occur when keys on the second line (sensing line) .25 are
misjudged as not being pressed while a plurality of keys are
being pressed. In other words, the keys indicated as not
being pressed by the coarse scan result R0O1-R25 (as illus-
trated in FIG. 2) must be re-determined through the conver-
sion circuit having the calibration mechanism 260 (as illus-
trated in FIG. 2).

[0049] With reference to FIGS. 2-4, for example, in the
first scan stage, if the processor 280 determines that keys
601, 603-605, 614-615, 618-620 are not being pressed
according to the coarse scan result R01-R25, the press status
of the keys 601, 603-605, 614-615, 618-620 must be re-
determine by the conversion circuit having the calibration
mechanism 260. Therefore, the processor 280 may enter the
second scan stage, drive the first line [.11 corresponding to
the key 601 to the first potential (e.g., 0V) through the key
control circuit 240, and drive other first lines L.12-L.15 to the
second potential VCC. The processor 280 generates the
switch signal SS to cause the conversion circuit having the
calibration mechanism 260 to select a second sensing signal
SC1 of the second line .21 corresponding to the key 601 for
conversion, so as to generate the second result DRS2. The
processor 280 may compare the second result DRS2 to a
threshold value, so as to re-determine the press status of the
key 601. Similarly, a re-determination of the press status of
the keys 603-605, 614-615, 618-620 may be deduced based
on the above illustration.

[0050] Since the analog-to-digital converter 2603 has cali-
bration mechanism, the second result DRS2 generated by
the analog-to-digital converter 2603 would be a result after
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the calibration, and the accuracy of the second result DRS2
would not be affected by the drift of the manufacturing
fabrication.

[0051] FIG. 7 is a flow diagram illustrating the detection
method of detecting the status of the keys of the electronic
apparatus according to one of the exemplary embodiment of
the disclosure. With reference to FIGS. 2-4 and 7, the
detection method of the status of the key of the exemplary
electronic apparatus includes the following steps. First of all,
in the detection stage illustrated in step S900, whether any
of the keys among keys 601-625 of the key module 220 is
pressed may be detected by the key control circuit 240. If the
detection result is affirmative, the process would enter into
a first scan stage illustrated in S910, otherwise, the process
would continue to perform the detection operation of the
detection stage of step S900. Next, in the first scan stage
illustrated in step S910, the press status of each of the keys
601-625 is being detected through the key control circuit
240, and accordingly, the coarse scan result RO1-R25 is
obtained. Afterward, in the first scan stage illustrated in step
S920, whether at least one key of the keys 601-625 is not
pressed may be determined by the processor 280 according
to the coarse scan result R01-R25. If the determination result
shows that the keys 601-625 are all being pressed, the scan
of the keys 601-625 is complete, and the process is return
back to the detection stage illustrated in step S900 for the
next detection operation. If the determination result shows
that at least one key among the keys 601-625 are not pressed,
the process goes into a second scan stage illustrated in step
S930 to perform a fine scan. In the second scan stage
illustrated in step S930, a switch signal SS may be generated
by the processor 280, so as to switch the switch circuit 2601
to select one of the second sensing signals SC21-SC25 from
the key module 220 (or the key control circuit 240) as an
analog signal SA, and perform conversion to the analog
signal SA by the conversion circuit having the calibration
mechanism 260, so as to generate the second result DRS2.
Next, in the second scan stage illustrated in step S940, the
press status of the at least one key among the keys 601-625
may be re-determined by the processor 280 according to the
second result DRS2. Lastly, in step S950, after the press
status the at least one key among the keys 601-625 is
re-determined, the switch signal SS may be generated by the
processor 280, so that the switch circuit 2601 is switched
back to select the first sensing signal SC1 from the first
circuit 50 as the analog signal SA. The conversion may be
performed to the analog signal SA by the conversion circuit
having the calibration mechanism 260, so as to generate the
first result DRS1. The system function corresponding to the
first sensing signal SC1 may be executed by the processor
280 according to the first result DRS1. At this time, the
scanning of the keys 601-625 is completed, and the process
is returned back to the step S900 for next key detection
operation.

[0052] In summary, in the exemplary electronic apparatus
and the method for detecting key status presented above,
conversion circuit having calibration mechanism, which is
utilized to execute other system function (e.g., temperature
control function or power monitor function, etc.), may be
dynamically switched to assist the scanning function of the
key module (i.e., the scanning function of the second scan
stage). Since the first sensing signal which the conversion
circuit having calibration mechanism is to convert originally
would not have enormous instantaneous changes, the con-
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version circuit having calibration mechanism may be
dynamically and temporarily switched to assist the scanning
function of the key module without greatly effect the original
system function. As a result, the key control circuit does not
require calibration mechanism which reduces the cost of the
circuit. In addition, since the conversion circuit having
calibration mechanism is only utilized to assist the re-scan of
the keys that are being determined as not pressed, the
number of times and the time taken to re-scan are reduced.
Therefore, the exemplary electronic apparatus of the disclo-
sure may accurately determine the press status of the keys,
it may also enhance the usage of the circuit resources.
[0053] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
structure of the invention without departing from the scope
or spirit of the invention. In view of the foregoing, it is
intended that the invention cover modifications and varia-
tions of this invention provided they fall within the scope of
the following claims and their equivalents.

What is claimed is:

1. An electronic apparatus, comprising:

a key module, comprising a plurality of keys, at least one
first line and at least one second line, wherein the at
least one first line and the at least one second line are
coupled to the keys to drive the keys or sense the keys;

a key control circuit, coupled to the at least one first line
and the at least one second line, wherein the key control
circuit detects whether any one of the keys is pressed,
if a detection result is affirmative, the key control
circuit scans a press status of each of the keys, and
accordingly, obtains a coarse scan result;

a conversion circuit having calibration mechanism, com-
prising a switch circuit, wherein the switch circuit is
coupled to a first circuit to receive a first sensing signal,
coupled to the key control circuit to receive at least one
second sensing signal on the at least one second line
through the key control circuit, and controlled by a
switch signal to pre-select the first sensing signal as an
analog signal, wherein the conversion circuit having
the calibration mechanism performs a conversion on
the analog signal to generate a first result; and

a processor, coupled to the key control circuit and the
conversion circuit having the calibration mechanism,
wherein the processor executes a system function cor-
responding to the first sensing signal according to the
first result,

wherein, when the processor determines that at least one
of the keys is not pressed according to the coarse scan
result, the processor generates the switch signal to
cause the switch circuit to select one of the at least one
second sensing signal as the analog signal, so that the
conversion circuit having the calibration mechanism
performs the conversion on the analog signal to gen-
erate a second result, and the processor re-determines
the press status of the at least one of the keys according
to the second result.

2. The electronic apparatus of claim 1, wherein, in a first
scan stage, the key control circuit sequentially selects one of
the at least one first line, and parallelly scans the press status
of each of the keys on the selected first line through the at
least one second line, so as to generate the coarse scan result.

3. The electronic apparatus of claim 2, wherein, in a
detection stage, the key control circuit parallelly drives the
at least one first line to an identical potential, and parallelly
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detects whether any one of the keys is pressed as a detection
result through the at least one second line,

wherein, the key control circuit determines whether any

one of the keys is pressed according to the detection
result in the detection stage, if a determination result is
affirmative, then the key control circuit enters into the
first scan stage.

4. The electronic apparatus of claim 3, wherein the key
control circuit comprising:

at least one comparator circuit, coupled to the at least one

second line and the processor; and

a main control circuit, coupled to the at least one first line

and the processor, wherein:

the main control circuit parallelly drives the at least one

first line to a first potential in the detection stage, and
the at least one comparator circuit compares a voltage
of the at least one second line with a comparison
voltage to generate the detection result; and

the main control circuit sequentially selects one of the at

least one first line in the first scan stage, the main
control circuit drives the selected one of the at least one
first line to the first potential and drives other of the at
least one first line to a second potential, and the at least
one comparator circuit compares a voltage of the at
least one second line with the comparison voltage to
generate the coarse scan result.

5. The electronic apparatus of claim 2, wherein, in the first
scan stage, when the processor determines that the at least
one of the keys is not pressed according to the coarse scan
result, the processor enters into a second scan stage, drives
the first line corresponding to the key not pressed to a first
potential and other of the at least one first line to a second
potential through the key control circuit, the processor
generates the switch signal to cause the switch circuit to
select the second sensing signal of the second line corre-
sponding to the key not pressed as the analog signal, so that
the conversion circuit having the calibration mechanism
performs the conversion to the analog signal to generate the
second result, the processor compares the second result and
a threshold value to re-determine the press status of the key
not pressed.

6. The electronic apparatus of claim 1, wherein the
conversion circuit having the calibration mechanism further
comprises:

an analog-to-digital converter, coupled to the switch cir-

cuit to receive the analog signal, performing an analog-
to-digital conversion to the analog signal to generate
the first result or the second result, wherein the analog-
to-digital converter has calibration mechanism.

7. The electronic apparatus of claim 1, wherein the first
circuit comprises a temperature sensor or a power measure-
ment circuit, and the processor executes a temperature
control function or a power monitor function of the system
function according to the first result.

8. A method for detecting a status of keys, configured for
a key module of an electronic apparatus, the method com-
prising:

in a detection stage, detecting whether any one of a

plurality of keys in the key module is pressed by a key
control circuit of the electronic apparatus, if a detection
result is affirmative, entering a first scan stage;

in the first scan stage, detecting a press status of each of

the keys, by the key control circuit, and accordingly,
obtaining a coarse scan result;
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in the first scan stage, determining whether at least one of
the keys is not pressed according to the coarse scan
result by a processor of the electronic apparatus, if a
determination result indicating that at least one of the
keys is not pressed, entering into a second scan stage;

in the second scan stage, generating a switch signal by the
processor, causing a switch circuit in a conversion
circuit having calibration mechanism of the electronic
apparatus to be switched to select corresponding one of
at least one second sensing signal from the key module
as an analog signal, and performing a conversion to the
analog signal by the conversion circuit having calibra-
tion mechanism, so as to generate a second result;

in the second scan stage, re-determining the press status

of the at least one of the keys according to the second
result;

after the re-determination of the press status of the at least

one of the keys is completed, generating the switch
signal by the processor, so as to cause the switch circuit
to be switched back to select a first sensing signal from
a first circuit as the analog signal, performing the
conversion to the analog signal to generate a first result
by the conversion circuit having the calibration mecha-
nism, and executing a system function corresponding to
the first sensing signal according to the first result by
the processor.

9. The method of claim 8, wherein, in the detection stage,
the step of detecting whether any one of a plurality of keys
in the key module is pressed by a key control circuit of the
electronic apparatus comprises:

parallelly driving at least one first line of the key module

to an identical potential by the key control circuit, and
parallelly detecting whether any one of the keys is
pressed as a detection result through at least one second
line of the key module; and

determining whether any one of the keys is pressed

according to the detection result by the key control
circuit.

10. The method of claim 8, wherein in the first scan stage,
the step of detecting a press status of each of the keys, by the
key control circuit, and accordingly, obtaining a coarse scan
result comprises:

sequentially selecting one of at least one first line of the

key module according to the detection result by the key
control circuit; and

parallelly scanning the press status of each key of the

selected first line by the key control circuit and at least
one second line of the key module, so as to generate the
coarse scan result, wherein at least one key correspond-
ing to the selected first line is pressed.

11. The detection method of claim 8, wherein in the first
scan stage, the step of detecting a press status of each of the
keys, by the key control circuit, and accordingly, obtaining
a coarse scan result comprises:

sequentially selecting one of at least one first line of the

key module by the key control circuit; and

parallelly scanning the press status of each key of the

selected first line by the key control circuit and at least
one second line of the key module, so as to generate the
coarse scan result.

12. The detection method of claim 8, wherein, in the
second scan stage, the step of generating a switch signal by
the processor, causing a switch circuit in the a conversion
circuit having calibration mechanism to be switched to
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select corresponding one of at least one second sensing
signal from the key module as an analog signal, and per-
forming a conversion to the analog signal by the conversion
circuit having calibration mechanism, so as to generate a
second result comprises:

driving a first line corresponding to the key not being

pressed in the key module to a first potential by the key
control circuit, and driving other first line of the key
module to a second potential;

generating the switch signal by the processor, so as to

cause the switch circuit to be switched and select the
corresponding second sensing signal as the analog
signal, wherein the corresponding second sensing sig-
nal corresponds to a second line of the key not being
pressed in the key module; and

performing an analog-to-digital conversion to the analog

signal to generate the second result by an analog-to-
digital converter in the conversion circuit having cali-
bration mechanism,

wherein the analog-to-digital converter has calibration

mechanism.

13. The detection method of claim 8, wherein, in the
second scan stage, the step of re-determining the press status
of the at least one of the keys according to the second result
comprises:

comparing the second result and a threshold value to

re-determine the press status of the at least one of the
keys by the processor.

14. The detection method of claim 8, wherein the system
function comprises a temperature control function or a
power monitor function.

#* #* #* #* #*
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