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(57) ABSTRACT

A digital sensing apparatus includes a sensing unit capable of
(21) Appl. No.: 13/616,606 providing a sensing response associated with an environmen-

) tal parameter, and a digital readout module including a read-
(22) Filed: Sep. 14, 2012 ing unit for generating a pulse signal having a pulse width as
sociated with the sensing response, and a converting unit. The
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(30) Foreign Application Priority Data converting unit includes a clock signal generator for generat-
ing a variable-frequency clock signal, and a counter operable
Mar. 23,2012 (TW) oo 101110107 o count a width value of the pulse width of the pulse signal
Publication Classification using the clock signal, so as to generate a digital sensing code.
The frequency of the clock signal from the clock signal gen-
(51) Imt.ClL erator is adjustable to adjust resolution of the width value of
HO3K 3/017 (2006.01) the pulse width of the pulse signal.
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DIGITAL SENSING APPARATUS AND
DIGITAL READOUT MODULE THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Taiwanese Appli-
cation No. 101110107, filed on Mar. 23, 2012.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The invention relates to an apparatus and a module,
and more particularly to a digital sensing apparatus and a
digital readout module with an adjustable readout range.
[0004] 2. Description of the Related Art

[0005] FIG. 1 shows a conventional sensing apparatus SA
including a sensing element SE, a reading unit RU', and an
analog-to-digital converter ADC.

[0006] The sensing element SE is configured to sense an
environmental parameter and to generate a first characteristic
parameter varying in a positive relation with the environmen-
tal parameter, and a second characteristic parameter varying
in a negative relation with the environmental parameter.
[0007] The reading unit RU' is electrically coupled to the
sensing element SE for receiving the first and second charac-
teristic parameters, and generates a sensing voltage that var-
ies in a positive relation with a difference between the first and
second characteristic parameters.

[0008] The analog-to-digital converter ADC is electrically
coupled to the reading unit RU' for receiving the sensing
voltage therefrom, and is operable to perform an analog-to-
digital conversion on the sensing voltage falling within a
conversion range, so as to generate a digital sensing code
associated with the environmental parameter.

[0009] In order to efficiently use all the bits of the analog-
to-digital converter ADC, the upper and lower limits of the
conversion range of the analog-to-digital converter ADC
must correspond to the upper and lower limits of the sensing
voltage produced by the reading unit RU", while the upper and
lower limits of the sensing voltage correspond to a readout
range of the sensing apparatus SA. If the environmental
parameter sensed by the sensing apparatus SA is outside of
the readout range, the digital sensing code generated by the
sensing apparatus SA may have an error.

[0010] For illustration, the conventional sensing apparatus
SA may be exemplified using an accelerometer. The conver-
sion range of the analog-to-digital converter ADC ranges
from OV to 5V and is represented using 10 bits.

[0011] Referringto FIG. 2, the sensing element SE includes
a central mass CM that is capable of producing a displace-
ment associated with an applied acceleration, and left and
right masses LM, RM that are immovable with respect to the
environmental parameter and disposed at two opposite sides
of the central mass CM. The masses LM, CM, and RM are
electrical conductors, so as to form an equivalent left capaci-
tor CL between the central mass CM and the left mass LM,
and an equivalent right capacitor CR between the central
mass CM and the right mass RM.

[0012] When acceleration is applied to the sensing element
SE in the right direction, the central mass CM will move
towards right, and the displacement value of the central mass
CM during a unit time period is in a positive relation with
magnitude of the acceleration applied thereto, such that the
central mass CM becomes closer to the right mass RM and
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farther from the left mass LM, resulting in larger capacitance
Cy, of the equivalent right capacitor CR (which is the first
characteristic parameter) and smaller capacitance C, of the
equivalent left capacitor CL. (which is the second character-
istic parameter).

[0013] The reading unit RU' is a capacitance-to-voltage
converter that is capable of producing the sensing voltage
varying in a positive relation with a difference AC between
thecapacitances C,, C, of the equivalent left and right capaci-
tors CL and CR (AC=C;-C or AC=Cx-C;,).

[0014] The analog-to-digital converter ADC is electrically
coupled to the reading unit RU' for receiving the sensing
voltage, and is operable to perform the analog-to-digital con-
version on the sensing voltage falling within the conversion
range (0-5V in this example), so as to generate the digital
sensing code associated with the environmental parameter.
When the sensed environmental parameter is equal to the
lower limit of the readout range (for example: -2 g), the
sensing voltage is 0V, and the digital sensing code is (0V/
5V)x1023=0. When the sensed environmental parameter is
equal to the upper limit of the readout range (for example: +2
), the sensing voltage is 5V, and the digital sensing code is
(5V/5V)x1023=1023.

[0015] However, when the sensed environmental param-
eter is +3 g, the sensing voltage obtained from the above
calculation should be 6.25V, which exceeds the upper limit
5V of the conversion range, and the digital sensing code is not
able 1o correctly correspond to the environmental parameter
+3 g

[0016] Therefore, the aforesaid conventional sensing appa-
ratus has the following drawbacks:

[0017] 1.Thereadout range is fixed, and the digital sensing
code which ranges between 0 to 2™-1 from the N-bit analog-
to-digital converter ADC corresponds to the readout range
between the lower and upper limits. When the sensed envi-
ronmental parameter exceeds the readout range, the gener-
ated digital sensing code may have errors.

[0018] 2. The analog-to-digital converter ADC must per-
form conversion continuously, resulting in large power dissi-
pation.

SUMMARY OF THE INVENTION

[0019] Therefore, an object of the present invention is to
provide a digital sensing apparatus that can overcome at least
one of the above drawbacks of the prior art.

[0020] According to one aspect of the present invention, a
digital sensing apparatus comprises:

[0021] asensing un it for sensing an environmental param-
eter and capable of providing a sensing response associated
with the environmental parameter; and

[0022] a digital readout module including:

[0023] a reading unit coupled to the sensing unit for
generating a pulse signal having a pulse width that is
associated with the sensing response; and

[0024] a converting unit including:

[0025] aclock signal generator for generating a variable-
frequency clock signal; and

[0026] acounter coupled to the reading unit for receiving
the pulse signal, and coupled to the clock signal genera-
tor for receiving the clock signal, the counter being
operable to count a width value of the pulse width of the
pulse signal using the clock signal, so as to generate a
digital sensing code associated with the environmental
parameter;
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[0027] wherein the frequency of the clock signal from the
clock signal generator is adjustable to adjust resolution of the
width value of the pulse width of the pulse signal.
[0028] Another object of the present invention is to provide
a digital readout module that can overcome at least one of the
above drawbacks of the prior art.
[0029] According to another aspect of the present inven-
tion, a digital readout module is adapted for use with a sensing
unit that is capable of sensing an environmental parameter
and that provides a sensing response associated with the
environmental parameter. The digital readout module com-
prises:
[0030] a reading unit to be coupled to the sensing unit for
generating a pulse signal having a pulse width that is associ-
ated with the sensing response; and
[0031] a converting unit including:
[0032] aclock signal generator for generating a variable-
frequency clock signal; and
[0033] acounter coupled to the reading unit for receiving
the pulse signal, and coupled to the clock signal genera-
tor for receiving the clock signal, the counter being
operable to count a width value of the pulse width of the
pulse signal using the clock signal, so as to generate a
digital sensing code associated with the environmental
parameter;
[0034] wherein the frequency of the clock signal from the
clock signal generator is adjustable to adjust resolution of the
width value of the pulse width of the pulse signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Other features and advantages of the present inven-
tion will become apparent in the following detailed descrip-
tion of the preferred embodiments with reference to the
accompanying drawings, of which:

[0036] FIG. 1 isablock diagram of a conventional sensing
apparatus;

[0037] FIG. 2 is a schematic diagram showing a sensing
element of the conventional sensing apparatus;

[0038] FIG. 3 is a block diagram showing a first or a third
preferred embodiment of the digital sensing apparatus
according to the present invention;

[0039] FIG. 4 to FIG. 7 are circuit diagrams showing
equivalent circuits of first to fourth implementations of a
sensing unit;

[0040] FIG. 8 is atiming diagram showing waveforms pro-
duced in the present invention;

[0041] FIG. 9 is a block diagram showing a second pre-
ferred embodiment of the digital sensing apparatus according
to the present invention; and

[0042] FIG. 10 is a timing diagram showing another set of
waveforms produced in the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0043] Referring to FIG. 3, the first preferred embodiment
of the digital sensing apparatus DSA according to this inven-
tion is shown to include a sensing unit 1 and a digital readout
module DRM.

[0044] The sensing unit 1 is adapted for sensing an envi-
ronmental parameter and is capable of providing a sensing
response associated with the environmental parameter. In this
embodiment, the sensing response includes a first character-
istic parameter that varies in a positive relation with the envi-
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ronmental parameter, and a second characteristic parameter
that varies in a negative relation with the environmental
parameter.

[0045] Referring to FIG. 4 to FIG. 7, equivalent circuits of
first to fourth implementations of the sensing unit 1 are shown
to include a first sensing element 11, a second sensing ele-
ment 12, a first electrical element, and a second electrical
element connected in a form of a bridge circuit.

[0046] FIG. 4 showsthe equivalent circuit of the first imple-
mentation of the sensing unit 1. In this implementation, the
first sensing element 11 is a first variable capacitor C1 having
a first connection terminal and a first grounded terminal. The
first characteristic parameter is the capacitance of the first
variable capacitor C1.

[0047] The second sensing element 12 is a second variable
capacitor C2 having a second connection terminal and a sec-
ond grounded terminal. The second characteristic parameter
is the capacitance of the second variable capacitor C2.
[0048] The first electrical element is a first resistor R1 hav-
ing a first input terminal for receiving a portion of an output
current from the digital readout module DRM, and a third
connection terminal coupled to the first connection terminal
of the first variable capacitor C1 and from which a first sensor
signal is obtained. The second electrical element is a second
resistor R2 having a second input terminal for receiving
another portion of the output current from the readout module
DRM, and a fourth connection terminal coupled to the second
connection terminal of the second capacitor C2 and from
which a second sensor signal is obtained.

[0049] Referring to FIG. 5, the equivalent circuit of the
second implementation of the sensing unit 1 is shown to be
similar to the equivalent circuit of the first implementation of
the sensing unit 1. This implementation differs from the first
implementation in that the first sensing element 11 is a first
variable inductor L1 and the second sensing element 12 is a
second variable inductor [.2. The first characteristic param-
eter is the inductance of the first variable inductor L1, and the
second characteristic parameter is the inductance of the sec-
ond variable inductor L2.

[0050] FIG. 6 shows the equivalent circuit of the third
implementation of the sensing unit 1. In this implementation,
the first sensing element 11 is a first variable resistor R1
having a first input terminal for receiving a portion of the
output current from the digital readout module DRM, and a
first connection terminal. The first characteristic parameter is
the resistance of the first variable resistor R1.

[0051] The second sensing element 12 is a second variable
resistor R2 having a second input terminal for receiving
another portion of the output current from the digital readout
module DRM, and a second connection terminal. The second
characteristic parameter is the resistance of the second vari-
able resistor R2.

[0052] The first electrical element is a first capacitor C1
having a first grounded terminal, and a third connection ter-
minal coupled to the first connection terminal of the first
variable resistor R1 and from which a first sensor signal is
obtained. The second electrical element is a second capacitor
(2 having a second grounded terminal, and a fourth connec-
tion terminal coupled to the second connection terminal of the
second variable resistor R2 and from which a second sensor
signal is obtained.

[0053] Referring to FIG. 7, the equivalent circuit of the
fourth implementation of the sensing unit 1 is shown to be
similar to the equivalent circuit of the third implementation of
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the sensing unit 1. This implementation differs from the third
implementation in that the first electrical element is a first
inductor L1 and the second electrical element is a second
inductor L.2.

[0054] Whenthe sensingunit 11is configured to sense accel-
eration, the environmental parameter is the acceleration.
Referring to FIG. 2, the first sensing unit 11 and the second
sensing unit 12 are the left and right capacitors CL, CR,
respectively. When magnitude of the acceleration is zero, the
capacitances C,, Cy of the left and right capacitors CL, CR
have initial values, respectively. When acceleration is applied
to the sensing unit 1 in a right direction, the first characteristic
parameter is the capacitance Cy of the right capacitor CR,
which varies in a positive relation with magnitude of the
acceleration, and the second characteristic parameter is the
capacitance C; of the left capacitor CL, which varies in a
negative relation with magnitude of the acceleration. In other
words, when magnitude of the acceleration is larger, the
capacitance Cj, becomes larger, and the capacitance C,
becomes smaller. Similarly, when the acceleration is applied
to the sensing unit 1 in a left direction, the first characteristic
parameter is the capacitance C, of the left capacitor CL, and
the second characteristic parameter is the capacitance C, of
the right capacitor CR.

[0055] Referring to FIG. 3, the digital readout module
DRM is configured to generate a digital sensing code accord-
ing to the sensing response from the sensing unit 1, and
includes a reading unit RU and a converting unit CU.

[0056] The reading unit RU is coupled to the sensing unit 1
for generating a pulse signal having a pulse width that corre-
sponds to a difference between the first and second charac-
teristic parameters.

[0057] The reading unit RU includes a current source 2, a
differential circuit 3, and a correction controller 4.

[0058] The current source 2 is coupled to the sensing unit 1
for providing the output current to the sensing unit 1, such that
the sensing unit 1 is operable to generate a first sensor signal
associated with the first characteristic parameter, and a sec-
ond sensor signal associated with the second characteristic
parameter. The current source 2 is configured to receive a
correction control signal from the correction controller 4 and
to adjust magnitude of the output current according to the
correction control signal.

[0059] The differential circuit 3 is coupled to the sensing
unit 1 for receiving the first and second sensor signals, and is
operable to perform a logic operation on the first and second
sensor signals to generate the pulse signal that is provided to
the converting unit CU. In this embodiment, the logic opera-
tion is an XOR operation.

[0060] Referring to FIG. 8, the first sensor signal has a
rising edge at a first time point t1, and the second sensor signal
has a rising edge at a second time point t2. The pulse width
PW of'the pulse signal is the difference between the first time
point t1 and the second time point t2 (PW=At=t1-t2). When
the environmental parameter is stable, each characteristic
parameter of the sensing unit 1 is stable. When the output
current is adjusted to be larger, the pulse width PW of the
pulse signal becomes smaller. In this embodiment, the ratio k
ofthe pulse width PW and the difference AS between the first
and second characteristic parameters (k=AS/PW) is propor-
tional to magnitude of the output current of the current source
2, and is adjustable from the current source 2.

[0061] However, due to differences attributed to manufac-
turing process, pressure, temperature, etc., the manufactured
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digital sensing apparatuses DSA may have unavoidable dif-
ferences among each other. Even if magnitudes of the applied
output currents and the sensed environmental parameter are
the same, the pulse widths of the raw pulse signals from each
digital sensing apparatus DSA may be different. The digital
sensing apparatuses DSA that produce the pulse signal with a
deviation outside of a tolerable range may have to be dis-
carded, thereby increasing cost of production. In the first
embodiment, the correction controller 4 is configured in the
reading unit RU not only for correcting the deviation to solve
the above issue, but also for adjusting the readout range
through control of the output current of the current source 2,
as shown in FIG. 3.

[0062] The correction controller 4 stores a correction value
therein, and is coupled to the differential circuit 3 and the
current source 2. The correction controller 4 receives the
pulse signal from the differential circuit 3, and is operable to
compare the pulse width ofthe pulse signal and the correction
value and to generate one of the correction control signal and
a correction completion signal based on result of comparison
performed thereby. In detail, the correction controller 4 is
operable to generate the correction control signal for increas-
ing the output current of the current source 2 when the pulse
width of the pulse signal is greater than the correction value,
and is operable to generate the correction control signal for
reducing the output current of the current source 2 when the
pulse width of the pulse signal is less than the correction
value. When the pulse width of the pulse signal is substan-
tially equal to the correction value, the correction controller 4
generates the correction completion signal that is provided to
the differential circuit 3, and the differential circuit 3 provides
the pulse signal to the converting unit CU upon receipt of the
correction completion signal.

[0063] During manufacture, the magnitude of the output
current from the current source 2 may be continuously
adjusted in a standard test environment based on the result of
comparison between the pulse width of the pulse signal and
the correction value until the pulse width is substantially
equal to the correction value, and the correction completion
signal is generated. Therefore, by application of the above
process, differences among the digital sensing apparatuses
DSA may be calibrated, and the generated pulse widths of the
pulse signals may be substantially equal when the same envi-
ronmental parameter is sensed.

[0064] The converting unit CU includes an activation con-
troller 5, a clock signal generator 6, and a counter 7.

[0065] The activation controller 5 stores a preset activation
threshold value therein, and is coupled to the reading unit RU
for receiving the pulse signal. The activation controller 5 is
operable to compare the pulse width of the pulse signal with
the activation threshold value and to generate an activation
control signal having a state based on result of comparison
made thereby. When the pulse width of the pulse signal is
greater than the activation threshold value, the activation con-
troller 5 is operable to generate the activation control signal
corresponding to an activate state. When the pulse width of
the pulse signal is less than the activation threshold value, the
activation controller 5 is operable to generate the activation
control signal corresponding to a deactivate state.

[0066] The clock signal generator 6 is operable to generate
a variable-frequency clock signal and is coupled to the acti-
vation controller 5 for receiving the activation control signal.
The clock signal generator 6 outputs the clock signal when the
state of the activation control signal corresponds to the acti-
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vate state, and stops output of the clock signal when the state
of the activation control signal corresponds to the deactivate
state. Moreover, the variable-frequency clock signal may be
used to calibrate errors of the clock signal resulting from the
applied voltage, manufacturing process, or temperature.

[0067] The counter 7 is coupled to the reading unit RU for
receiving the pulse signal, and is coupled to the clock signal
generator 6 for receiving the clock signal. The counter 7 is
operable to count a width value of the pulse width of the pulse
signal using the clock signal, so as to generate the digital
sensing code associated with the environmental parameter.

[0068] Inapplication, the bit number of the digital sensing
code 1s a fixed value, such as N bits, so that the full range of
the pulse width of the pulse signal, which corresponds to the
readout range of the sensing unit 1, must be represented using
N bits. Therefore, the maximum pulse width of the pulse
signal PWmax=(2"-1)xT=ASmax/k, where T is the period of
the clock signal. From the above descriptions, it is known
that:

[0069] 1. When the output current is predetermined, k is
predetermined, so that when the frequency of the clock signal
is adjusted to be lower, the readout range becomes larger,
resulting in lower resolution. On the other hand, when the
frequency of the clock signal is adjusted to be higher, the
readout range becomes smaller, resulting in higher resolution.

[0070] 2. When the period T is predetermined, the maxi-
mum pulse width of the pulse signal PWmax is fixed. How-
ever, the readout range can be adjusted through adjustment of
the output current. Larger output current results in larger
readout range and lower resolution, and smaller output cur-
rent results in smaller readout range and higher resolution.

[0071] 3. Ounly when the environmental parameter is
greater than a specific value (that is, the pulse width of the
pulse signal is greater than the activation threshold value), the
clock signal generator 6 starts to oscillate to generate the
clock signal, to thereby save power.

[0072] Ineach of the preferred embodiments of this inven-
tion, the definition of the resolution is the variation value of
the environmental parameter per hertz (such as mg/Hz), and
the definition of the readout range is the range of the environ-
mental parameter that the digital sensing code can correctly
indicate (such as -2 g~+2 g).

[0073] Referring to FIG. 9, the second preferred embodi-
ment of the digital sensing apparatus DSA according to this
invention is shown to be similar to the first preferred embodi-
ment. The main difference resides in that: the second pre-
ferred embodiment includes a plurality of the sensing units 1,
a plurality of the reading units RU respectively coupled to the
sensing units 1, and a converting unit CU coupled to the
reading units RU. The activation controller 5 and the counter
7 of the converting unit CU sequentially receive the pulse
signals from the reading units RU. It should be noted that the
environmental parameters sensed and read by the sensing
units 1 and the reading units RU may be different types, such
as acceleration and temperature, or the same type from dif-
ferent sources, such as accelerations in X, Y, and 7 directions.
[0074] Referring to FIG. 3, the third preferred embodiment
of the digital sensing apparatus DSA according to this inven-
tion is shown to be similar to the first preferred embodiment.
The main difference resides in that the second characteristic
parameter of the second sensing element 12 is non-varying
with respect to the environmental parameter. In other words,
the second characteristic value is a predetermined value.
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[0075] Referring to FIG. 3 and FIG. 10, since the sensing
unit 1 includes capacitors or inductors, which are capable of
both storing and releasing energy, the first and second sensor
signals may have another form as shown in FIG. 10, and the
converting unit CU is operable to generate the digital sensing
code using the same operations described hereinabove.
[0076] To sum up, the present invention has the following
advantages:

[0077] 1. By adjusting the output current of the current
source 2, or the frequency of the clock signal from the clock
signal generator 6, the readout range of the digital sensing
apparatus DSA is adjustable, so that it is not needed to pro-
duce various digital readout modules DRM and digital sens-
ing apparatuses DSA for different applications.

[0078] 2. The clock signal generator 6 will stop oscillation
when the activation controller 5§ determines that the pulse
width of the pulse signal is less than the activation threshold
value, to thereby save power.

[0079] While the present invention has been described in
connection with what are considered the most practical and
preferred embodiments, it is understood that this invention is
not limited to the disclosed embodiments but is intended to
cover various arrangements included within the spirit and
scope of the broadest interpretation so as to encompass all
such modifications and equivalent arrangements.

What is claimed is:

1. A digital sensing apparatus comprising:

a sensing un it for sensing an environmental parameter and
capable of providing a sensing response associated with
the environmental parameter; and

a digital readout module including:
areading unit coupled to said sensing unit for generating

a pulse signal having a pulse width that is associated

with the sensing response; and

a converting unit including:

a clock signal generator for generating a variable-
frequency clock signal; and

acounter coupled to said reading unit for receiving the
pulse signal, and coupled to said clock signal gen-
erator for receiving the clock signal, said counter
being operable to count a width value of the pulse
width of the pulse signal using the clock signal, so
as to generate a digital sensing code associated with
the environmental parameter;

wherein the frequency of the clock signal from said clock
signal generator is adjustable to adjust resolution of the
width value of the pulse width of the pulse signal.

2. The digital sensing apparatus as claimed in claim 1,

wherein:

the sensing response includes a first characteristic param-
eter that varies in a positive relation with the environ-
mental parameter, and a second characteristic param-
eter; and

said reading unit is operable to generate the pulse signal
having the pulse width that corresponds to a difference
between the first and second characteristic parameters.

3. The digital sensing apparatus as claimed in claim 2,
wherein the second characteristic parameter varies in a nega-
tive relation with the environmental parameter.

4. The digital sensing apparatus as claimed in claim 2,
wherein the second characteristic parameter is non-varying
with respect to the environmental parameter.

5. The digital sensing apparatus as claimed in claim 2,
wherein said reading unit includes:
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a current source coupled to said sensing unit for providing
an output current to said sensing unit, such that said
sensing unit is operable to generate a first sensor signal
associated with the first characteristic parameter, and a
second sensor signal associated with the second charac-
teristic parameter, said current source being configured
to receive a correction control signal and to adjust mag-
nitude of the output current according to the correction
control signal; and

a differential circuit coupled to said sensing unit for receiv-
ing the first and second sensor signals, and operable to
perform a logic operation on the first and second sensor
signals to generate the pulse signal that is provided to
said converting unit.

6. The digital sensing apparatus as claimed in claim 5,

wherein the logic operation is an XOR operation.

7. The digital sensing apparatus as claimed in claim 5,
wherein said reading unit further includes a correction con-
troller storing a correction value therein, coupled to said
differential circuit for receiving the pulse signal therefrom,
and coupled to said current source for providing the correc-
tion control signal thereto;

said correction controller being operable to compare the
pulse width of the pulse signal and the correction value
and to generate one of the correction control signal and
a correction completion signal based on result of com-
parison performed thereby;

said correction controller providing the correction comple-
tion signal to said differential circuit, and said differen-
tial circuit providing the pulse signal to said converting
unit upon receipt of the correction completion signal.

8. The digital sensing apparatus as claimed in claim 7,
wherein said correction controller is operable to generate the
correction control signal for increasing the output current of
said current source when the pulse width ofthe pulse signal is
greater than the correction value, and is operable to generate
the correction control signal for reducing the output current of
said current source when the pulse width of the pulse signal is
less than the correction value; and

wherein said correction controller generates the correction
completion signal when the pulse width of the pulse
signal is substantially equal to the correction value.

9. The digital sensing apparatus as claimed in claim 2,
wherein said sensing unit has an equivalent circuit that
includes:

a first sensing element having the first characteristic
parameter, said first sensing element having a first con-
nection terminal and a first grounded terminal,

a second sensing element having the second characteristic
parameter, said second sensing element having a second
connection terminal and a second grounded terminal;

a first resistor having a first input terminal for receiving a
portion of the output current from said current source,
and a third connection terminal coupled to said first
connection terminal of said first sensing element and
from which the first sensor signal is obtained; and

asecond resistor having a second input terminal for receiv-
ing another portion of the output current from said cur-
rent source, and a fourth connection terminal coupled to
said second connection terminal of said second sensing
element and from which the second sensor signal is
obtained.

10. The digital sensing apparatus as claimed in claim 9,

wherein said first sensing element is a variable capacitor, the
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first characteristic parameter being the capacitance of the first
sensing element, said second sensing element being a capaci-
tor, the second characteristic parameter being the capacitance
of the second sensing element.

11. The digital sensing apparatus as claimed in claim 9,
wherein said first sensing element is a variable inductor, the
first characteristic parameter being the inductance of the first
sensing element, said second sensing element being an induc-
tor, the second characteristic parameter being the inductance
of the second sensing element.

12. The digital sensing apparatus as claimed in claim 2,
wherein said sensing unit has an equivalent circuit that
includes:

a first sensing element having the first characteristic

parameter and having a first input terminal for receiving
a portion of the output current from said current source,
and a first connection terminal;

a second sensing element having the second characteristic
parameter and having a second input terminal for receiv-
ing another portion of the output current from said cur-
rent source, and a second connection terminal;

a first electrical element having a first grounded terminal,
and a third connection terminal coupled to said first
connection terminal of said first sensing element and
from which the first sensor signal is obtained; and

a second electrical element having a second grounded ter-
minal, and a fourth connection terminal coupled to said
second connection terminal of said second sensing ele-
ment and from which the second sensor signal is
obtained;

wherein said first sensing element is a variable resistor, the
first characteristic parameter being the resistance of the
first sensing element, said second sensing element being
a resistor, the second characteristic parameter being the
resistance of the second sensing element.

13. The digital sensing apparatus as claimed in claim 12,
wherein said first and second electrical elements are capaci-
tors.

14. The digital sensing apparatus as claimed in claim 12,
wherein said first and second electrical elements are induc-
tors.

15. The digital sensing apparatus as claimed in claim 1,
wherein said converting unit further includes an activation
controller storing a preset activation threshold value therein,
coupled to said reading unit for receiving the pulse signal, and
operable to compare the pulse width of the pulse signal with
the activation threshold value and to generate an activation
control signal having a state based on result of comparison
made thereby,

said clock signal generator being further coupled to said
activation controller for receiving the activation control
signal, said clock signal generator outputting the clock
signal when the state of the activation control signal
corresponds to an activate state, and stopping output of
the clock signal when the state of the activation control
signal corresponds to a deactivate state.

16. The digital sensing apparatus as claimed in claim 15,
wherein said activation controller is operable to generate the
activation control signal corresponding to the activate state
when the pulse width of the pulse signal is greater than the
activation threshold value, and to generate the activation con-
trol signal corresponding to the deactivate state when the
pulse width of the pulse signal is less than the activation
threshold value.
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17. A digital readout module adapted for use with a sensing
unit that is capable of sensing an environmental parameter
and that provides a sensing response associated with the
environmental parameter, said digital readout module com-
prising:

a reading unit to be coupled to the sensing unit for gener-
ating a pulse signal having a pulse width that is associ-
ated with the sensing response; and

a converting unit including:

a clock signal generator for generating a variable-fre-
quency clock signal; and

a counter coupled to said reading unit for receiving the
pulse signal, and coupled to said clock signal genera-
tor for receiving the clock signal, said counter being
operable to count a width value of the pulse width of
the pulse signal using the clock signal, so as to gen-
erate a digital sensing code associated with the envi-
ronmental parameter;

wherein the frequency of the clock signal from said clock
signal generator is adjustable to adjust resolution of the
width value of the pulse width of the pulse signal.

18. The digital readout module as claimed in claim 17, the
sensing response provided by the sensing unitincluding a first
characteristic parameter that varies in a positive relation with
the environmental parameter, and a second characteristic
parameter, wherein:

said reading unit is operable to generate the pulse signal
having the pulse width that corresponds to a difference
between the first and second characteristic parameters.

19. The digital readout module as claimed in claim 18,
wherein said reading unit includes:

a current source to be coupled to the sensing unit for pro-
viding an output current to the sensing unit, such that the
sensing unit is operable to generate a first sensor signal
associated with the first characteristic parameter, and a
second sensor signal associated with the second charac-
teristic parameter, said current source being configured
to receive a correction control signal and to adjust mag-
nitude of the output current according to the correction
control signal; and

a differential circuit to be coupled to the sensing unit for
receiving the first and second sensor signals, and oper-
able to perform a logic operation on the first and second
sensor signals to generate the pulse signal that is pro-
vided to said converting unit.

20. The digital readout module as claimed in claim 19,

wherein the logic operation is an XOR operation.

21. The digital readout module as claimed in claim 19,
wherein said reading unit further includes a correction con-
troller storing a correction value therein, coupled to said
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differential circuit for receiving the pulse signal therefrom,
and coupled to said current source for providing the correc-
tion control signal thereto;

said correction controller being operable to compare the
pulse width of the pulse signal and the correction value
and to generate one of the correction control signal and
a correction completion signal based on result of com-
parison performed thereby;

said correction controller providing the correction comple-
tion signal to said differential circuit, and said differen-
tial circuit providing the pulse signal to said converting
unit upon receipt of the correction completion signal.

22. The digital readout module as claimed in claim 21,
wherein said correction controller is operable to generate the
correction control signal for increasing the output current of
said current source when the pulse width of the pulse signal is
greater than the correction value, and is operable to generate
the correction control signal for reducing the output current of
said current source when the pulse width of the pulse signal is
less than the correction value; and

wherein said correction controller generates the correction
completion signal when the pulse width of the pulse
signal is substantially equal to the correction value.

23. The digital readout module as claimed in claim 17,
wherein said converting unit further includes an activation
controller storing a preset activation threshold value therein,
coupled to said reading unit for receiving the pulse signal, and
operable to compare the pulse width of the pulse signal with
the activation threshold value and to generate an activation
control signal having a state based on result of comparison
made thereby,

said clock signal generator being further coupled to said
activation controller for receiving the activation control
signal, said clock signal generator outputting the clock
signal when the state of the activation control signal
corresponds to an activate state, and stopping output of
the clock signal when the state of the activation control
signal corresponds to a deactivate state.

24. The digital readout module as claimed in claim 23,
wherein said activation controller is operable to generate the
activation control signal corresponding to the activate state
when the pulse width of the pulse signal is greater than the
activation threshold value, and to generate the activation con-
trol signal corresponding to the deactivate state when the
pulse width of the pulse signal is less than the activation
threshold value.



