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INTEGRATING ANALOG-DIGITAL
CONVERTER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§119(a) of Korean Patent Application No. 10-2014-0021543
filed on Feb. 24, 2014, in the Korean Intellectual Property
Office, the entire disclosure of which is incorporated herein
by reference for all purposes.

BACKGROUND

[0002] 1. Field

[0003] The following description relates to an integrating
analog-digital converter. The following description also
relates to an integrating analog-digital converter configured
to be resistant to switching noise when converting an analog
input signal to a digital output signal and configured to reduce
power consumption so as to improve an integrating analog-
digital converter.

[0004] 2. Description of Related Art

[0005] An analog-digital converter denotes a device
through which an analog physical quantity such as voltage,
current, temperature, humidity, pressure, flux, speed, or
another physical quantity that takes on a continuous range of
values is converted to a digital signal with discrete values. By
using such a digital signal, arithmetic is easier, results are
more accurate, and the information is easier to process as
required. However, as a processing speed of the digital signal
increases more and more and a high-resolution digital repre-
sentation of the analog sign is required, it is helpful for the
analog-digital converter, which is one ofthe core circuits used
in this context, to feature a high-resolution.

[0006] For example, the analog-digital converter is
employed along with a sensor and a computer and other
related hardware, or the analog-digital converter is deployed
inside a sensor. Here, the sensor is a device that converts the
continuous physical quantity to be measured, into a corre-
sponding electrical signal with a corresponding characteristic
such as voltage, current or frequency. The analog-digital con-
verter serves to convert the quantity of electricity to a parallel
or serial data stream that is readable by a computer. Specifi-
cally, the analog-digital converter converts an analog signal to
a digital signal at a rapid speed accurately in order to perform
real time digital signal processing. The performance of the
said analog-digital converter thus determines quality of the
sensor or entire system.

[0007] With respect to such an analog-digital converter,
there are many varieties, such as a coefficient approximation
type, a successive approximation type, a flash analog-digital
converter (ADC), and an integrator. Among these, an integrat-
ing digital-analog converter operates in a manner that inte-
grates a reference voltage that is received along with an ana-
log input voltage under an initial state, until an output of
integrator assumes a ground value of zero and operates in a
manner that counts the integration time. Therefore, the inte-
grating digital-analog converter operates as a converter
device that provides certain characteristics in a sensor appa-
ratus or a measuring apparatus, in regards to realizing a high-
resolution, a few offset, and a few gain errors compared with
other analog-digital converter.

[0008] An integrating digital-analog converter, as shown in
FIG. 1, includes an operational amplifier 10 configured to
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receive a positive reference voltage +V - or a negative ref-
erence voltage —V -~ along with an input voltage V., whose
output is connected to a capacitor C1. The integrating digital-
analog converter of FIG. 1 also includes a comparator 20
configured to be connected with the output of the operational
amplifier 10. The comparator 20 has the characteristic that an
inverting terminal (-) is connected with the output of the
operational amplifier 10 and that a non-inverting terminal (+)
is grounded.

[0009] The integrating digital-analog converter of FIG. 1 is
configured such that an operational amplifier 10 receives the
positive reference voltage +V - or the negative reference
voltage —V - together with an input voltage V,, through an
inverting terminal (-), by means of a switch SW that operates
in accordance with a switch control signal of the integrator
logic, under an initial reset state. The input voltage V ,,,is then
charged, during a run-up section, due to using a resistor R,
and a capacitor C,. When the charging is completed, a dis-
charge, during a run-down section, that then takes place
according to a switching operation.

[0010] Accordingly, the analog value outputs a clock pulse
that is compared in the comparator 20. An integral logic unit
30 then counts a clock pulse of a specific frequency that is
outputted in the comparator 20 during the time at which the
capacitor C, is discharged. Thus, the comparator 20 outputs a
high level when a voltage applied to the inverting terminal (-)
of'the comparator 20 falls onto the ground level. Thus, a high
level value is counted, which is outputted for a specific dura-
tion of time in this manner.

[0011] However, the aforesaid integrating digital-analog
converter presents the following issues.

[0012] First, in the integrating digital-analog converter of
FIG. 1, a switch SW that operates to provide the positive
reference voltage +V . or the negative reference voltage
-V zzr 10 an operational amplifier, is selected in accordance
with a level of an input voltage V,, when the capacitor C, is
discharged. As this occurs, due to the switching noise, some
situations may take place in which a switch SW does not
operate accurately. For example, phenomena may thus take
place, where the positive reference voltage +V . or the
negative reference voltage -V, is not provided to the
operational amplifier 10 having a predetermined magnitude.
As a result, it thus disadvantageously causes the conversion
capabilities of the integrating digital-analog converter to be
impaired. Furthermore, in cases where such an integrating
digital-analog converter is applied to a sensor, a sensing capa-
bility may be generally degraded.

[0013] Further, in the integrating digital-analog converter
of FIG. 1, there exists a section that simultaneously receives
or simultaneously blocks a positive reference voltage +V ;-
and a negative reference voltage —V - s0 as to cope with
noise that is generated when a switch SW is involved in a
switching operation when integrating. However in this
approach, all of the switches assume a turned on state, and
relatively more power is thereby consumed.

[0014] Additionally, the integrating digital-analog con-
verter of FIG. 1 realizes a resistor-capacitor (R-C) integrator
using an operational amplifier 10, such that a bulk capacitor
C, and a resistor R are to be used.

[0015] Furthermore, in some approaches there exists a resi-
due bit of which an input voltage is not used when converting
from analog to digital. Here, the residue bit is a usual ‘1’ bit,
and becomes ‘0’ or ‘1°. However, the residue bit is a reason
why a resolution is degraded because of the incorporation of
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unused bits. Some approaches provide a structure of process-
ing the residue bit. Thus, in some approaches, an analog-
digital converter containing structure specialized for process-
ing the residue bit is additionally used. This leads to another
disadvantage of enlarged circuit size.

SUMMARY

[0016] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid
in determining the scope of the claimed subject matter.
[0017] The present examples are intended to address the
foregoing issues of analog-digital converters, and an object of
the present examples is to provide an integrating analog-
digital converter configured to be resistant to an external noise
source.

[0018] Another object of the present examples is to provide
an integrating analog-digital converter configured to mini-
mize a switching noise and to reduce power consumption in a
manner to simultaneously block an input voltage and a refer-
ence voltage while performing an integration operation.
[0019] Another object of the present examples is to provide
an integrating analog-digital converter configured to reduce a
circuit size in a manner to logically process a residue bit for
which a conversion is not processed when converting from
analog to digital.

[0020] According to one example, an integrating analog-
digital converter includes an input unit configured to receive
an input voltage and a predetermined reference voltage, a
differential amplifier configured to receive a differential input
voltage based on the input voltage that is outputted through an
output terminal of the input unit, a comparator configured to
compare a differential output voltage that is outputted from
the differential amplifier, and a control logic unit configured
to output a counted digital output value, in accordance with a
result of the comparator, as a final output value.

[0021] The input unit may include a first switch that is
connected with a node configured to be provided with a
positive input voltage, a second switch that is connected with
a node configured to be provided with a negative input volt-
age, a third switch and a fourth switch that are connected with
a node configured to be provided with a positive reference
voltage, a fifth switch and a sixth switch that are connected
with a node configured to be provided with a negative refer-
ence voltage, and additional switches that are connected with
respective rear ends of the first switch, the second switch, a
first node connecting the third switch and the fifth switch, and
a second node connecting the fourth switch and the sixth
switch.

[0022] The control logic unit may output a switch control
signal that turns-on and turns-off the third switch, the fourth
switch, the fifth switch, the sixth switch, and the additional
switches among the switches based on a result of the com-
parator, and the additional switches may be simultaneously
turned-on and turned-off.

[0023] The third switch and the fifth switch and the fourth
switch and the sixth switch may operate in opposite states to
each other, and wherein in response the third switch and the
sixth switch, and the fourth switch and the fifth switch shift-
ing a state, the additional switches may be simultaneously
placed in a turned-off state.
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[0024] Inatime period in which the additional switches are
turned off, an inverting input voltage and a non-inverting
input voltage of the differential amplifier are in a floating state
or the differential output voltage of the differential amplifier
may be maintained as being unchanged.

[0025] In response to the additional switches being in a
turned-off state, all of the reference voltages and the input
voltages may be blocked from providing a supply.

[0026] In response to the additional switches being turned
on again, if the additional switches are initially turned-off,
and the third switch and the sixth switch and the fourth switch
and the fifth switch may shift a state, and a state shift is then
complete.

[0027] A resultofthe comparator may be a high level signal
that is outputted in response to a positive output voltage and a
negative output voltage of the differential amplifier being
identical to each other.

[0028] The positive output voltage and the negative output
voltage may have a run-up section, a floating section and a
run-down section during a cycle.

[0029] A resolution of the integrating analog-digital con-
verter may be determined by controlling a ratio of the length
of the run-up section and the length of the run-down section,
and a number of cycles of repetition.

[0030] The control logic unit may verify a presence or an
absence of a residue bit based on the result of the comparator.
[0031] The control logic unit may output the final output
value based only on the result of the comparator in response
to the residue bit being absent.

[0032] The final output value may be determined by sub-
tracting the total number of the run-ups from the total number
of the run-downs.

[0033] The control logic unit may output the final output
value based on recalculating according to an output state of
the comparator, in response to the residue bit being present.

[0034] The control logic unit, in response to an output state
of the comparator being negative, may output a value for
which a time discharged to a negative reference voltage is
counted by adding a first calculation value, as the final output
value.

[0035] The control logic unit, in response to an output value
of'the comparator being positive, outputs a value for which a
time charged to a positive reference voltage is counted by
subtracting a first calculation value, as the final output value.
[0036] The first calculation value may be defined by sub-
tracting the total number of the run-ups from the total number
of the run-downs during a cycle of the converter.

[0037] The first calculation value may be defined by sub-
tracting the total number of the run-ups from the total number
of the run-downs during a cycle of the converter.

[0038] In response to a difference between the positive
input voltage and the negative input voltage being 0, the
control logic unit outputs the final output value as 0.

[0039] In another general aspect, an integrating analog-
digital converter includes a differential amplifier configured
to receive a differential input voltage based on an input volt-
age and a predetermined reference voltage from an input unit,
wherein the transmission of the input voltage and the prede-
termined reference voltage into the differential amplifier is
regulated by switches, a comparator configured to compare a
differential output voltage that is outputted from the differ-
ential amplifier, and a control logic unit configured to output
a counted digital output value, in accordance with a result of
the comparator, as a final output value, and configured to
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output a switch control signal that controls the switches in
accordance with a result of the comparator.

[0040] The integrating analog-digital converter configured
as discussed above according to various examples provides
the following advantageous effects.

[0041] In accordance with the integrating analog-digital
converter of the present examples which is configured as
above, there are effects as follows.

[0042] First, the present examples are designed to use a
differential amplifier configured to receive two input values
as part of an integrating analog-digital converter and to use
the difference value. Thus, the resistance against an external
noise is improved in comparison with other analog-digital
converters.

[0043] Also, in the other integrating analog-digital convert-
ers, a positive reference voltage +V - and a negative refer-
ence voltage —V .- are simultaneously applied or simulta-
neously blocked so as to manage a switching noise that occurs
when integrating. On the contrary, the present examples
include circuits to simultaneously block all of the input volt-
age and the reference voltages, thereby minimizing power
consumption. Also, according to such a circuit configuration
of'examples, it potentially becomes possible to stably provide
a positive reference voltage VRFP or a negative reference
voltage VRFN.

[0044] Moreover, the present examples are designed such
that the residue bit, which is potentially generated when inte-
grating, is processed in the control logic without using addi-
tional analog-digital converter circuitry. The size and com-
plexity of the entire system is thus reduced.

[0045] Other features and aspects will be apparent from the
following detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] FIG. 1 is a constitutional view of a circuit of an
integrating analog-digital converter.

[0047] FIG. 2 is a constitutional view of a circuit showing
an integrating analog-digital converter according to an
example.

[0048] FIG. 3 is an operation timing view showing an
example of the operation of the integrating analog-digital
converter of FIG. 2.

[0049] FIG. 4 is a view showing changes of a T,,, section
and aT,; section according to a voltage magnitude of positive
input voltage VINP and negative input voltage VINN.
[0050] FIGS. 5 and 6 are example views showing a state
where a residue bit is generated in the operational timing view
of FIG. 3.

[0051] Throughout the drawings and the detailed descrip-
tion, unless otherwise described or provided, the same draw-
ing reference numerals will be understood to refer to the same
elements, features, and structures. The drawings may not be
to scale, and the relative size, proportions, and depiction of
elements in the drawings may be exaggerated for clarity,
illustration, and convenience.

DETAILED DESCRIPTION

[0052] The following detailed description is provided to
assist the reader in gaining a comprehensive understanding of
the methods, apparatuses, and/or systems described herein.
However, various changes, modifications, and equivalents of
the systems, apparatuses and/or methods described herein
will be apparent to one of ordinary skill in the art. The pro-
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gression of processing steps and/or operations described is an
example; however, the sequence of and/or operations is not
limited to that set forth herein and may be changed as is
known in the art, with the exception of steps and/or operations
necessarily occurring in a certain order. Also, descriptions of
functions and constructions that are well known to one of
ordinary skill in the art may be omitted for increased clarity
and conciseness.

[0053] The features described herein may be embodied in
different forms, and are not to be construed as being limited to
the examples described herein. Rather, the examples
described herein have been provided so that this disclosure
will be thorough and complete, and will convey the full scope
of the disclosure to one of ordinary skill in the art.

[0054] The present examples provide the characteristics of
being resistant to a switching noise that is generated when
integrating in an integrating analog-digital converter. The
examples achieve this effect by applying a differential ampli-
fier to an integrating analog-digital converter and simulta-
neously blocking positive and negative input voltages and
positive and negative reference voltages, so that thereby a
switch is balanced. Additionally, a circuit size is reduced by
reducing the structure used for processing a residue bit in
control logic.

[0055] Subsequently, there is described further a view of an
integrating analog-digital converter in accordance with the
present examples that provides the aforementioned technical
characteristics with reference to the accompanying drawings.
[0056] FIG. 2 is a constitutional view of a circuit showing
an integrating analog-digital converter according to an
example.

[0057] AsshowninFIG. 2, in the integrating analog-digital
converter 100, there is included an input unit that receives an
analog input voltage and a reference voltage and in which
switches are configured to operate in on/off states according
to a switching signal.

[0058] Thus, the input unit includes a first input unit 110
including switches SW1, SW2, and SW3 that are connected
with a node configured to receive a positive input voltage
VINP, a positive reference voltage VRFP and a negative ref-
erence voltage VRFN. The input unit further includes a sec-
ond input unit 120 including switches SW1', SW2', and SW3'
that are connected with a node configured to receive a nega-
tive input voltage VINN, a negative reference voltage VRFN
and a positive reference voltage VRFP. Here, a positive ref-
erence voltage VRFP, a negative reference voltage VRFN, a
positive input voltage VINP, and a negative input voltage
VINN denote voltages having a difference value of the same
magnitude based on a common voltage VCOM, where the
signs of the voltages are opposite to each other.

[0059] The input unit includes a third input unit 130. The
third input unit 130 plays a role in reducing a switching noise
when the switches SW2 and SW3, and SW2'and SW3' oper-
ate by switching between on/off states and is connected with
rear ends of the first input unit 110 and the second input unit
120. In such a third input unit 130, four switches are config-
ured. Accordingly, there are two switches that are respec-
tively connected with the switches SW1 and SW1', a switch
thatis connected with a connection node “a” of switches SW2
and SW3, and a switch that is connected with a connection
node “b” of switches SW2' and SW3'. In the example of FIG.
2, all of these switches are labeled as SW4. The SW4 switches
are simultaneously turned on or off together according to a
logic that operates to control the switches. Here, because of a
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state in which all of the SW4 switches are turned off, that is,
a state in which a current inputted to a differential amplifier
140 becomes “0’, and no current is inputted to a capacitor CF,
output voltages VINTP and VINTN maintain their value held
right before the SW4 switches are turned off, and remain
unchanged.

[0060] The third input unit 130 is connected with a differ-
ential amplifier 140 that operates by receiving a differential
input voltage. Namely, a difference value (-) of positive input
voltage VINP and negative input voltage VINN is inputted as
an input voltage. Of course, a common voltage VCOM is
applied to the differential amplifier 140. Usually the common
voltage VCOM has a magnitude of about %4 of a source
voltage VDD. Between an inverting terminal (-) and a non-
inverting terminal (+) of the differential amplifier 140 and an
output terminal having positive and negative values, a feed-
back capacitor CF is respectively connected. The feedback
capacitor CF serves to charge or discharge an input voltage
that is stored during charge and discharge sections. Here, a
switch SW5 is configured, which is respectively connected in
parallel to the feedback capacitor CF for controlling the
charge or discharge.

[0061] Likewise, the example presented here makes it pos-
sible to be resistant to external noise and to output an output
value stably since an integrating analog-digital converter 100
uses a differential amplifier 140, as discussed. In the mean-
while, resistors RF, R connected to the rear ends of the
switches SW4, the differential amplifier 140, and capacitor
CF serve as an integrator 150. In FIG. 2, the switches SW5 are
also part of the integrator 150.

[0062] A comparator 160 is connected to an output of the
differential amplifier 140. The comparator 160 compares a
positive output voltage VINTP and a negative output voltage
VINTN that are delivered as output from the differential
amplifier 140. Also, the comparator 160 outputs a high level
value when the positive output voltage VINTP and the nega-
tive output voltage VINTN become identical to each other or
when the negative output voltage VINTN becomes bigger
than the positive output voltage VINTP after a preset time.
Here, the comparator 160 was previously in a state that out-
puts a low level value.

[0063] A control logic unit 170 is configured to output an
analog voltage value as a final output value of the conversion,
which is based upon delivery of a comparison result of the
comparator 160. The control logic unit 170 is also configured
to control on/off operation of the switches, thatis, SW1, SW2,
SW3,SW1', SW2', SW3' and SW4. Here, a final output value
which the control logic unit 170 outputs are calculated dif-
ferently according to a presence or an absence of a residue bit.
Such handling of a residue bit is discussed further, below.
[0064] An application of the integrating analog-digital con-
vertor configured as above is considered. Such an application
is described with reference to FIG. 3 that shows an example of
the operation of the integrating analog-digital converter.
[0065] First, considering an integral cycle of the integrating
analog-digital convertor of the example with reference to
FIG. 3, when a cycle of a basic operation is 4, the positive
input voltage VINP is at a maximum VINP_max, and the
negative input voltage VINN is minimum VINN_min
Accordingly, a section where T,,, section and T, , section are
integrated becomes one integral cycle. A resolution of the
integrating analog-digital converter is then determined
according to the number for which a ratio of the T,,, section
and T, ; section and a corresponding cycle are repeated. Here,
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the ratio of T,, section and T, section on the basis of Tref
section is related by a ratio of 1:N. Where N is 9 for example,
an operation takes place nine times in which T, -section and
SW4 are shifted from a turned-on state to a turned-off state
during T, ; section.

[0066] Accordingly, an operation of the integrating analog-
digital converter first generates a run-up section.

[0067] The run-up section starts with the positive input
voltage VINP and the negative input voltage VINN being
applied from outside under an initial reset state. Here, the
positive input voltage VINP and the negative input voltage
VINN are analog values.

[0068] A control logic unit 170 then controls all of SW1,
SW1', SW2, SW2', and SW4 to turn them on. Accordingly,
the positive input voltage VINP is applied to an inverting
terminal (-) of the differential amplifier 140 through SW1
and SW4. Here, the positive reference voltage VRFP is
applied to a non-inverting terminal (=) of the differential
amplifier 140 through SW2 and SW4. That is, the positive
reference voltage VRFP being loaded with the positive input
voltage VINP are to be applied together. Also, the negative
input voltage VINN is applied to a non-inverting terminal (+)
of the differential amplifier 140 through SW1' and SW4.
Here, the negative reference voltage VREN is also applied to
a non-inverting terminal (+) of the differential amplifier 140
through SW2' and SW4. That is, the negative reference volt-
age VRFN being loaded with the negative input voltage VINN
are to be applied together.

[0069] Asaresult, among output voltages of the differential
amplifier 140, the positive output voltage VINTP becomes
much greater, having a specific gradient on the basis of a
common voltage VCOM in such a manner that the negative
input current [, and the negative reference voltage current
1,,, areadded. Conversely, the output voltage VINTN becomes
much less, having a specific gradient on the basis of a com-
mon voltage VCOM. Such a state corresponds to T,,,, section
in FIG. 3 and is to be a run-up section. That is to say, it can be
identified that the positive output voltage VINTP and the
output voltage VINTN are symmetrically divergent from the
basis of a common voltage VCOM.

[0070] Thereafter, while the run-up section proceeds, when
a preset time period elapses, a run-down section then pro-
ceeds. An entry to the run-down section causes the SW4sto be
turned-off for a specific duration of time. The control logic
unit 170 then outputs a switch control signal commencing the
run-down operation. That is, the switch control signal is a
signal that renders SW1 and SW1' as being continuously
turned-on, SW2 and SW2' as being turned-off, and SW3 and
SW3' as being turned-on. Additionally, after the other
switches operate, the control logic unit turns the SW4s on
again. Here, when the SWds are in a turned-off state, positive
output voltage VINTP and negative output voltage VINTN
assume a floating state. Hence, during the SWd4s being
turned-off, as ‘FLAT 1°, ‘FLAT 2°, ‘FLAT 3°, ‘FLAT n’,
‘FLAT n+1°, ‘FLAT n+2’ in FIG. 3, the positive output volt-
age VINTP and the negative output voltage VINTN are main-
tained as being in a flat state.

[0071] When the run-down section arrives, the positive
input voltage VINP is applied to an inverting terminal (-) of
a differential amplifier 140 through SW1 and SW4. Here, the
negative reference voltage VRFN is applied to an inverting
terminal (=) of the differential amplifier 140 through SW3
and SW4. Also, the negative input voltage VINN is applied to
a non-inverting terminal (+) of a differential amplifier 140
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through SW1' and SW4. Here, a positive reference voltage
VREFP is applied to a non-inverting terminal (+) of a differ-
ential amplifier 140 through SW3' and SW4.

[0072] As aresult, among output voltages of the differential
amplifier 140, a positive output voltage VINTP becomes
small having a specific gradient due to a current value of the
negative reference voltage VRFN that has a higher negative
current value than negative input current I,,.. The negative
output voltage VINTN also becomes small, having a corre-
sponding specific gradient as well. Here, becoming small by
having a specific gradient indicates that positive output volt-
age VINTP and negative output voltage VINTN get closeto a
horizontal line of a common voltage VCOM. Such a state is
illustrated as T, section in FIG. 3 and becomes a run-down
section.

[0073] In this manner, like the T,, section, the positive
output voltage VINTP gradually decreases, while the nega-
tive output voltage VINTN gradually increases, these volt-
ages being applied to the comparator 160.

[0074] The comparator 160 then compares, on an ongoing
basis, the positive output voltage VINTP and the negative
output voltage VINTN. Until then, the comparator 160 out-
puts a low level signal. Thereafter upon comparing the result,
if a point arrives at which the positive output voltage VINTP
and the negative output voltage VINTN become identical, or
at which the positive output voltage VINTP and the negative
output voltage VINTN intersect, a high level signal is then
outputted. Here, the intersection indicates a point at which the
positive output voltage VINTP becomes smaller than the
negative output voltage VINTN or, vice versa, at which the
negative output voltage VINTN becomes accordingly larger
than the positive output voltage VINTP. When such intersec-
tion points arrive, the comparator 160 then outputs a high
level signal. Such a point is designated as A in FIG. 3.
[0075] Thehigh level signal outputted from the comparator
160 is delivered to the control logic unit 170. The control
logic unit 170 then recognizes that an integral operation
regarding the positive input voltage VINP and the negative
input voltage VINN, which are inputted as analog values, is
completed for one cycle and indicates a high level signal. In
addition, the control logic unit 170 outputs a switch control
signal in order to implement a subsequent cycle run-up sec-
tion, that is, T,,; section of FIG. 3.

[0076] The switch control signal becomes a signal that
maintains switches SW1 and SW1' to be continuously turned-
on and switches SW3 and SW3' to be turned-off and switches
sw2 and sw2' to be turned-on. However, even in this case,
SWds are turned-off and then turned-on again.

[0077] Therefore, the above-described T,,, section is again
implemented. Subsequently, if the T, section is completed,
the T, ;' section is implemented. That is, referring to drawings,
it is shown that T,,; section and T, section are implemented
again, such that the T,,, and T,,, and the corresponding T,,
and T, indicate sections of run-up and run-down respec-
tively and implement the same operation.

[0078] FIG. 4 is a view showing changes of a T,,, section
and a T,, section according to a voltage magnitude of the
positive input voltage VINP and the negative input voltage
VINN.

[0079] Referring to FIG. 4, when the input voltage VINP is
a maximum value VINP_max of the positive input voltage
and when the negative input voltage VINN is a minimum
value VINN_min of the negative input voltage. The amount of
current inputted in T,,, section, [ +1,,, assumes a maxi-

inp_max ' rp?
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mum value, and he amount of current inputted in Trd section,
L.y max=L,.» assumes minimum value and thus a ratio corre-
sponding to the T,,, section and T, section assumes a maxi-
mum value. Also, if the positive input voltage VINP is larger
than VCOM and smaller than VINP_max, an input current of
the T, section, 1+, ,, decreases and the amount of input
current of T, section, I,,,,-1,,,, increases and hence a ratio of
the T,,, section and the T, section becomes small gradually.
Also, if the positive input voltage VINP and the negative input
voltage VINN becomes equal to VCOM, the amount of input
current of T, section, I,,, and the amount of input current of
T, section, -1, become the same, and thereby a ratio of T,,,
section and T, section becomes 1:1.

[0080] The run-up and the run-down sections are repeat-
edly implemented continuously as discussed, and the
repeated number proceeds until the preset number, according
to a desired resolution. According to the comparison result of
the positive output voltage VINTP and the negative output
voltage VINTN in the run-down section, when a point, as
discussed, arrives at which the positive output voltage VINTP
and the negative output voltage VINTN become the same, or
at which the positive output voltage VINTP becomes smaller
than the negative output voltage VINTN or, vice versa, at
which the negative output voltage VINTN becomes accord-
ingly larger than the positive output voltage VINTP, each time
a control logic unit 170 receives a high level signal that is
outputted from the comparator 160.

[0081] As a result, the control logic unit 170 has the capa-
bility to verify the total number of run-downs and the total
number of run-ups which are delivered from the comparator
160, with respect to an analog input value applied from out-
side for a preset time period. Further, the control logic unit
170 outputs a value that is calculated by subtracting the total
number of run-ups from the total number of run-downs, here-
inafter, referred to as a “first calculation value,” as a final
output value. Here, the final output value corresponds to a
point at which the preset repeated number is completed in
accordance with a corresponding resolution.

[0082] In other words, the integrating analog-digital con-
verter is configured such that the total number of run-ups and
the total number of run-downs are changed in accordance
with a magnitude of the analog input value, as illustrated in
FIG. 4. However, there may exist a residue bit of which an
integral operation is unprocessed at the time of completion,
since a preset total number of repetitions are completed. In
some approaches, if there is a residue bit as discussed above,
an additional analog-digital converter is used to process the
residue bit. In other cases that fail to process the residue bit,
there is a problem in that a resolution is degraded.

[0083] The said residue bit is like T, ; section in FIG. 3.
Referring to FIGS. 5 and 6 in connection with this, it is
recorded as discussed below. That is, prior to a point at which
a comparator 160 normally outputs a high level signal in a
run-down section, the positive output voltage VINTP and the
negative output voltage VINTN may become the same or the
positive output voltage VINTP may be larger than the nega-
tive output voltage VINTN or the positive output voltage
VINTP may be smaller than the negative output voltage
VINTN. Then, a residue bit to be processed between point B
to point C in FIGS. 5 and 6 exists.

[0084] In such cases, where a residue bit exists at the time
of an integral operation of the integrating analog-digital con-
verter, the examples process the residue bit by the control
logic unit 170.
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[0085] Accordingly, the control logic unit 170 is configured
to process in accordance with an output state of the compara-
tor 160 by which a voltage value of the positive output voltage
VINTP and a voltage value of the negative output voltage
VINTN are compared. The output of the comparator 160 is
divided into a positive value (+) and a negative value (-).

[0086] First, there is shown a case where a comparison
results has a negative value (-) as in FIG. 5.

[0087] In this case, the control logic unit 170 blocks the
positive input voltage VINP and the negative input voltage
VINN by turning SW1 and SW1' off. It then turns SW2 and
SW2'off and turns SW3 and SW3' on, thereby connecting the
positive reference voltage VRFN being inputted, by means of
an inverting terminal (-) of a differential amplifier 140. A
non-inverting terminal (+) connects the negative reference
voltage VRFP. When then turning on the SW4 switches on, a
current which is accumulated in a capacitor CF is to be dis-
charged as a reference voltage, such that here, the number of
the residue clocks RSDCLK is counted. The count of the
residue clocks continues until an output of the comparator is
changed from a negative value (-) to a positive value (+),
followed by storing a final count value when the output of the
comparator is changed to a positive value (+). The final output
value is derived by a calculation of adding the residue values
to the first calculation value which is processed by the control
logic unit 170 and then outputting that value.

[0088] In contrast to this case, there is shown a case where
a comparison result has a positive value (+) as in FIG. 6.

[0089] In this case, the control logic unit 170 blocks the
positive input voltage VINP and the negative input voltage
VINN by turning SW1 and SW1' off. It then turns SW2 and
SW2' on and turns SW3 and SW3' off, thereby connecting a
VRFP being inputted, by means of an inverting terminal (-)
of a differential amplifier 140. A non-inverting terminal (+)
connects a VRFN. When then turning the SW4 switches on, a
current is charged to a capacitor CF as a reference voltage,
such that here, the number of residue clocks RSDCLK is
counted. The count of the residue clocks continues until an
output of the comparator is changed from a positive value (+)
to a negative value (-), followed by storing a final count value
when the output of the comparator is changed to a negative
value (-). The final output value is derived by a calculation of
subtracting the residue values from the first calculation value
which is processed by the control logic unit 170 and then
outputting that value.

[0090] Incases where the residue bit exists as above, a step
of calculating a residue value to the first calculation value is
additionally performed as discussed, so as to properly handle
such a residue bit.

[0091] Meanwhile, in cases where the positive input volt-
age VINP and the negative input voltage VINN, which are
analog values applied from outside into an integrating analog-
digital converter of the examples disclosed herein, are equal
to a VCOM that is a common voltage, there is a situation
where the difference value thereof is namely O or zero. In this
case, the positive reference voltage VRFP and the reference
voltage VRFN are in opposite direction only and have the
same value, such that the total number of run-up and the
number of run-down become substantially identical. There-
fore, in this situation a final output value that is outputted by
a control logic unit 170 becomes 0 or zero.

[0092] As discussed above, the examples apply a differen-
tial amplifier to an integrating analog-digital converter,
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thereby providing an analog-digital converter configured to
be resistant to noise and capable of outputting a stable output
value.

[0093] Inthe meantime, the present disclosure is designed
such that switches SW2, SW2', SW3, and SW3' shift a switch
state in each different state, at points at which a run-up section
is changed to a run-down section and at which one cycle of the
run-up section and the run-down section is completed, as set
forth above.

[0094] Accordingly, it is possible that a section where
SW2, SW2', SW3, and SW3' are simultaneously turned on
exists. For example, at the moment SW2 is turned on and
SW3 is turned off, a point at which SW2 and SW3 are simul-
taneously turned on is potentially generated. Accompanying
switching noise is then generated. Also, all switches are in a
state of being turned on. Consequently, a current consump-
tion is accordingly relatively large.

[0095] Therefore, in the examples, a control logic unit 170
controls a switch timing so as to turn off all of switches SW4
that are connected with a rear end in advance, when SW2 and
SW3 are shifted. An input portion of an integrator 150 then
assumes a floating state. In this process, a section where SW2
and SW3 and SW2'and SW3' are simultaneously turned on is
removed, thereby enabling a switching noise to be removed
and current consumption to be saved, also a positive reference
voltage VRFP or a negative reference voltage VREN to be
stably provided. In FIG. 3, such sections are indicated as
FLAT1, FLAT2, and FLAT3.

[0096] As discussed above, according to the examples,
there are provided a differential amplifier used in an analog-
digital converter and a circuit using such an analog-digital
converter improved not only to simultaneously block an input
voltage and a reference voltage but also to logically process a
residue bit, so as to be resistant to noise, to save power and to
reduce a circuit size, to thereby improved functioning and
minimize cost.

[0097] Meanwhile, the integrating analog-digital converter
of the present examples is applicable to a variety of sensors
configured to output an analog value to a digital value. For
example, the converter is potentially widely used in such
applications as a temperature sensor, a red-green-blue (RGB)
sensor, a light sensor, a proximity sensor, and similar sensors.

[0098] The apparatuses and units described herein may be
implemented using hardware components. The hardware
components may include, for example, controllers, sensors,
processors, generators, drivers, and other equivalent elec-
tronic components. The hardware components may be imple-
mented using one or more general-purpose or special purpose
computers, such as, for example, a processor, a controller and
an arithmetic logic unit, a digital signal processor, a micro-
computer, a field programmable array, a programmable logic
unit, a microprocessor or any other device capable of
responding to and executing instructions in a defined manner.
The hardware components may run an operating system (OS)
and one or more software applications that run on the OS. The
hardware components also may access, store, manipulate,
process, and create data in response to execution of the soft-
ware. For purpose of simplicity, the description of a process-
ing device is used as singular; however, one skilled in the art
will appreciate that a processing device may include multiple
processing elements and multiple types of processing ele-
ments. For example, a hardware component may include
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multiple processors or a processor and a controller. In addi-
tion, different processing configurations are possible, such as
parallel processors.

[0099] The methods described above can be written as a
computer program, a piece of code, an instruction, or some
combination thereof, for independently or collectively
instructing or configuring the processing device to operate as
desired. Software and data may be embodied permanently or
temporarily in any type of machine, component, physical or
virtual equipment, computer storage medium or device that is
capable of providing instructions or data to or being inter-
preted by the processing device. The software also may be
distributed over network coupled computer systems so that
the software is stored and executed in a distributed fashion. In
particular, the software and data may be stored by one or more
non-transitory computer readable recording mediums. The
media may also include, alone or in combination with the
software program instructions, data files, data structures, and
the like. The non-transitory computer readable recording
medium may include any data storage device that can store
data that can be thereafter read by a computer system or
processing device. Examples of the non-transitory computer
readable recording medium include read-only memory
(ROM), random-access memory (RAM), Compact Disc
Read-only Memory (CD-ROMs), magnetic tapes, USBs,
floppy disks, hard disks, optical recording media (e.g., CD-
ROMs, or DVDs), and PC interfaces (e.g., PCI, PCl-express,
WiF1i, etc.). In addition, functional programs, codes, and code
segments for accomplishing the example disclosed herein can
be construed by programmers skilled in the art based on the
flow diagrams and block diagrams of the figures and their
corresponding descriptions as provided herein.

[0100] While this disclosure includes specific examples, it
will be apparent to one of ordinary skill in the art that various
changes in form and details may be made in these examples
without departing from the spirit and scope of the claims and
their equivalents. The examples described herein are to be
considered in a descriptive sense only, and not for purposes of
limitation. Descriptions of features or aspects in each
example are to be considered as being applicable to similar
features or aspects in other examples. Suitable results may be
achieved if the described techniques are performed in a dif-
ferent order, and/or if components in a described system,
architecture, device, or circuit are combined in a different
manner and/or replaced or supplemented by other compo-
nents or their equivalents. Therefore, the scope of the disclo-
sure is defined not by the detailed description, but by the
claims and their equivalents, and all variations within the
scope of the claims and their equivalents are to be construed
as being included in the disclosure.

What is claimed is:

1. An integrating analog-digital converter comprising:

an input unit configured to receive an input voltage and a
predetermined reference voltage;

a differential amplifier configured to receive a differential
input voltage based on the input voltage that is outputted
through an output terminal of the input unit;

a comparator configured to compare a differential output
voltage that is outputted from the differential amplifier;
and

a control logic unit configured to output a counted digital
output value, in accordance with a result of the compara-
tor, as a final output value.
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2. The integrating analog-digital converter of claim 1,

wherein the input unit comprises:

a first switch that is connected with a node configured to be
provided with a positive input voltage;

a second switch that is connected with a node configured to
be provided with a negative input voltage;

a third switch and a fourth switch that are connected with a
node configured to be provided with a positive reference
voltage;

a fifth switch and a sixth switch that are connected with a
node configured to be provided with a negative reference
voltage; and

additional switches that are connected with respective rear
ends of the first switch, the second switch, a first node
connecting the third switch and the fifth switch, and a
second node connecting the fourth switch and the sixth
switch.

3. The integrating analog-digital converter of claim 2,

wherein the control logic unit outputs a switch control
signal that turns-on and turns-off the third switch, the
fourth switch, the fifth switch, the sixth switch, and the
additional switches among the switches based on a result
of the comparator, and

wherein the additional switches are simultaneously turned-
on and turned-off.

4. The integrating analog-digital converter of claim 3,

wherein the third switch and the fifth switch and the fourth
switch and the sixth switch operate in opposite states to
each other, and

wherein in response to the third switch and the sixth switch,
and the fourth switch and the fifth switch shifting a state,
the additional switches are simultaneously placed in a
turned-off state.

5. The integrating analog-digital converter of claim 4,

wherein in a time period in which the additional switches
turned off, an inverting input voltage and a non-inverting
input voltage of the differential amplifier are in a floating
state or the differential output voltage of the differential
amplifier is maintained as being unchanged.

6. The integrating analog-digital converter of claim 5,

wherein in response to the additional switches being in a
turned-off state, all of the reference voltages and the
input voltages are blocked from providing a supply.

7. The integrating analog-digital converter of claim 6,

wherein in response to the additional switches being turned
on again, if the additional switches are initially turned-
off, and the third switch and the sixth switch and the
fourth switch and the fifth switch shift a state, and a state
shift is then complete.

8. The integrating analog-digital converter of claim 3,

wherein a result of the comparator is a high level signal that
is outputted in response to a positive output voltage and
a negative output voltage of the differential amplifier
being identical to each other.

9. The integrating analog-digital converter of claim 8,

wherein the positive output voltage and the negative output
voltage have a run-up section, a floating section and a
run-down section during a cycle.

10. The integrating analog-digital converter of claim 9,

wherein a resolution of the integrating analog-digital con-
verter is determined by controlling a ratio of the length
of the run-up section and the length of the run-down
section, and a number of cycles of repetition.
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11. The integrating analog-digital converter of claim 1,

wherein the control logic unit verifies a presence or an
absence of a residue bit based on the result of the com-
parator.

12. The integrating analog-digital converter of claim 10,

wherein the control logic unit outputs the final output value
based only on the result of the comparator in response to
the residue bit being absent.

13. The integrating analog-digital converter of claim 11,

wherein the final output value is determined by subtracting
the total number of the run-ups from the total number of
the run-downs.

14. The integrating analog-digital converter of claim 10,

wherein the control logic unit outputs the final output value
based on recalculating according to an output state of the
comparator, in response to the residue bit being present.

15. The integrating analog-digital converter of claim 14,

wherein the control logic unit, in response to an output state
of the comparator being negative, outputs a value for
which a time discharged to a negative reference voltage
is counted by adding a first calculation value, as the final
output value.

16. The integrating analog-digital converter of claim 14,

wherein the control logic unit, in response to an output
value of the comparator being positive, outputs a value
for which a time charged to a positive reference voltage
is counted by subtracting a first calculation value, as the
final output value.
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17. The integrating analog-digital converter of claim 15,

wherein the first calculation value is defined by subtracting
the total number of the run-ups from the total number of
the run-downs during a cycle of the converter.

18. The integrating analog-digital converter of claim 16,

wherein the first calculation value is defined by subtracting
the total number of the run-ups from the total number of
the run-downs during a cycle of the converter.

19. The integrating analog-digital converter of claim 12,

wherein in response to a difference between the positive
input voltage and the negative input voltage being 0, the
control logic unit outputs the final output value as 0.

20. An integrating analog-digital converter comprising:

a differential amplifier configured to receive a differential
input voltage based on an input voltage and a predeter-
mined reference voltage from an input unit, wherein the
transmission of the input voltage and the predetermined
reference voltage into the differential amplifier is regu-
lated by switches;

a comparator configured to compare a differential output
voltage that is outputted from the differential amplifier;
and

a control logic unit configured to output a counted digital
output value, in accordance with a result of the compara-
tor, as a final output value, and configured to output a
switch control signal that controls the switches in accor-
dance with a result of the comparator.
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