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A multi-channel dual slope analog-digital converter with
Correspondence Address: offset cancellation an hysteresis input is provided in the
‘E)I?ggECHYUN INTELLECTUAL PROPERTY present invention, wherein a charge reset period and an auto
7 FLOOR-1, NO. 100 zero period are eliminated, so as to shorten cycle time. An
ROOSEVELT ROAD, SECTION 2 offset cancel capacitor is also eliminated, so that large chip
TAIPEI 100 (TW) area is avoided. With inserting a dummy cycle in between
each measurement cycle, coupling error can be avoided
(21)  Appl. No.: 10/707,666 between different conversion channels. Also, hysteresis
. roperty of a Schmitt comparator in the comparator unit
(22)  Filed: Dec. 31, 2003 fnarlljage}; to filter out minutepresidual voltage ofIEset, so that
Publication Classification the output of converter retains its residual voltage level. A
multi-channel dual slope analog-digital converting method
(51)  Int. CL7 oo HO3M 1/06 is also provided in the invention.
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[CIRCUIT AND METHOD OF MULTI-CHANNEL
DUAL SLOPE ADC WITH OFFSET
CANCELLATION AND HYSTERESIS INPUT]

BACKGROUND OF INVENTION
[0001] 1. Field of the Invention

[0002] This invention generally relates to a multi-channel
dual slope analog-to-digital converting circuit and method
thereof, and more particularly to a multi-channel dual slope
analog-to-digital converting circuit and method thereof hav-
ing offset cancellation logic and hysteresis logic.

[0003] 2. Description of Related Art

[0004] A dual slope analog-to-digital converter (ADC)
having zero-reset phase is provided in a conventional
scheme. The dual slope ADC uses a correction voltage to
eliminate residual offset voltage that is generated during
integrating phase and discharge phase. In the conventional
scheme, a comparator that is negative feedback connected
manages to rapidly reset the output of an integrator, and the
correction voltage is stored in the integrating capacitor and
another capacitor coupling to the integrating operational
amplifier. Where the devices and operation of which scheme
is described as follows:FIG. 1 illustrates an offset cancel-
lation circuit diagram of a dual slope ADC. Referring to
FIG. 1 herein, the circuit configuration of initialization
phase is shown. The offset voltage is stored in the capacitor
102 and all three OPAMPs are set to zero (center) position.
This initialization operation is usually referred as Auto Zero
operation. Whereas the drawbacks of this conventional
scheme are: i. it takes substantially long time to initialize. ii.
it requires a substantially large offset cancel capacitor, i.e.
large chip area. iii. it has data coupling error or channel
coupling error.

[0005] Since the capacitor 103 in FIG. 1 is usually a large
external capacitor (e.g. >1000 pF) and the resistor 101 has
a high resistance in order to generate sufficient time reso-
lution for the dual slope ADC. In the initialization operation,
the external capacitor 103 and the offset capacitor 102 are
charged through the resistor 101 spontaneously, and thus
causing longer initialization period. The output waveform of
the integrator during the initialization period following the
integrating period, the discharge period, charge reset period
is depicted in the diagram of FIG. 11.

[0006] On the other hand, the capacitor 102 for the offset
cancellation needs to be sufficiently large so that the stored
offset voltage is not affected by input gate voltage of the
OPAMPs for the integrator 202 and the comparator 203.
This means that a substantially large chip area is required for
the offset capacitor 102. Referring to reset period after
discharge period as well as auto-zero period shown in FIG.
11.

[0007] Moreover, when initialization is not sufficiently
long, a residual charge on the external capacitor can affect
conversion result to following cycles. An exemplary dem-
onstration is shown in FIG. 11, where residual voltage
depends on the initialization period, and the residual voltage
affects following conversion cycles.

SUMMARY OF INVENTION

[0008] An object of the present invention is to provide a
multi-channel dual slope analog-to-digital converter (ADC),
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where charge-reset period and auto-zero period are omitted,
so that cycle length is reduced.

[0009] Another object of the present invention is to pro-
vide a multi-channel dual slope ADC, where offset cancel
capacitor is omitted, so that chip area is substantially
reduced.

[0010] Yet another object of the present invention is to
provide a multi-channel dual slope ADC, where a dummy
cycle is inserted between measurement cycles, so that to
avoid coupling error between channels. This applies to
single channel dual slop ADC as well.

[0011] Yet another object of the present invention is to
provide a multi-channel dual slope ADC, where offset
cancellation circuit eliminates residual voltage of the con-
version circuit and the actual offset voltage. Thus data
transmitting between chip is retained, that is process varia-
tion between chips is sufficiently small, thus fine tuning or
trimming on end products is not required.

[0012] A multi-channel dual slope analog-to-digital con-
verter (ADC) is provided in this present invention. The
circuit of this present invention includes an input circuit, an
integrator, a comparator, a control logic, and a data counter.
The circuit of this present invention further includes an
offset cancellation logic and a hysteresis logic. The control
logic determines which input voltage for the input amplifier,
after the processed signal is integrated, the comparator
comes into play. The offset cancellation logic couples to the
data counter, which is controlled by the control logic.
Whereas the hysteresis logic is coupled to the offset can-
cellation logic. On the other hand, the control logic selects
one of the input voltage levels, in order to process various
cycles.

[0013] The circuit of the present invention does not have
the auto zero operation before each measurement cycle,
instead, requires one initialization cycle and one offset
cancellation cycle before following consecutive measure-
ment cycles. Where each cycle is comprised of an integrat-
ing period and a discharge period. In the initialization cycle
and the offset cancellation cycle, a first reference voltage is
selected as the input voltage in the integrating period
whereas a second reference voltage is selected in discharge
period. In the beginning of initialization cycle, the residual
voltage on the integrating capacitor is unknown, yet the
residual voltage at the end of the initialization cycle is
determined by the offset voltage and delay time of the
comparator, and delay time of the control logic circuit. The
residual voltage is hence kept constant in the following
consecutive cycles.

[0014] The aforementioned input circuit includes an input
amplifier that is connected in voltage follower fashion and
switches for selecting input voltages controlled by the
control logic. The integrator is connected in a negative
feedback loop fashion including a capacitor and a resister,
where the positive input terminal is coupled to analog
ground. Between the input amplifier and the integrator, a
switch is disposed, which is controlled by the control logic
as well. The offset-cancellation logic includes a constant
register, an offset register coupling to the constant register,
and a first subtractor coupling to the data counter and the
offset register, yet feed back connected to offset register.
Furthermore, the hysteresis logic includes at least two data
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registers and a second subtractor. One of the data registers
is coupled to the other data register, which is coupled to the
second subtractor. The subtractor is coupled to the first
subtractor, while the two data registers and the second
subtractor are connected in feedback fashion. The data from
the first subtractor is coupled to both data registers.

[0015] According to the multi-channel dual slope analog-
to-digital converter in the present invention, the first refer-
ence voltage is converted to a digital value and saved in a
data counter during the offset cancellation cycle. The dif-
ference between the converted data and the correct digital
value of the first reference voltage which is stored in a
constant register is calculated by a subtractor and saved in an
offset register.

[0016] The circuit provided in this present invention
applies to multi-channel converter, whereas a double-chan-
nel converter is described as an example in this specification
of the present invention.

[0017] In the first measurement cycle, a first input signal
of a first channel is selected as the input voltage in the
integrating period. The converted data is saved in the data
counter. The offset data stored in the offset register is
subtracted from the converted data to get the new data of the
first channel.

[0018] The new data is compared with the previous data of
the first channel stored in a first data register. If the differ-
ence between the new data and the previous data is bigger
than a predetermined value, the new data is stored in the first
data register and the output data of the first channel is
updated.

[0019] In the second measurement cycle, a second input
signal of a second channel is selected as the input voltage in
the integrating period. The converted data is saved in the
data counter. The offset data stored in the offset register is
subtracted from the converted data to get the new data of the
second channel.

[0020] In this present invention, it is noted that the first
input signal, the second input signal and the first reference
voltage are higher than an analog ground voltage, and the
second reference voltage is lower than the analog ground
voltage. Thus the residual voltage is retained at a constant
value after measurement cycles begin according to the
present invention.

[0021] In order to eliminate channel coupling error, a
hysteresis logic is provided to the multi-channel dual slope
analog-to-digital converter in this present invention. An
example of double-channel is described herein. In ordinary,
the input voltage of the first channel and the second channel
are measured alternatively. If the input voltage of the second
channel is constant as the input voltage of the first channel
changes, and the residual voltage at the end of the cycle
depends on the input voltage of the cycle, the conversion
results of the second channel are affected by the input
voltage of the first channel of the previous cycle. Even if the
change of the residual voltage is minor, it is expected that the
conversion result is affected by the input voltage of the
previous cycle, especially when the input voltage of the
second channel is on code boundary. In order to avoid the
situation, a hysteresis logic is provided in the present inven-
tion that keeps the conversion result unchanged unless the
difference between the new data and the old data is larger
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than a predetermined value that is expected to be minimal.
As the present invention eliminates the auto zero operation,
the residual voltage does not follow the input voltage ideally.
However there are other factors that affect the residual
voltage, such as leakage current of the external capacitor and
unstable operation of the comparator caused by noise. To
avoid foregoing and unexpected problems, the present
invention applies the hysteresis logic to filter out minor
deviation of the residual voltage.

[0022] To avoid channel coupling error by the minor
deviation of the residual voltage, the present invention
introduces following methods as examples. First is to insert
dummy cycles between measurement cycles, and another is
to replace the comparator with a Schmitt comparator. The
purposed methods are described hereafter.

[0023] A first method to eliminate deviation of the residual
voltage is to insert a dummy cycle before each measurement
cycle. According to this method, it is expected that the
conversion result of a measurement cycle be not affected by
the previous measurement cycle. This method also applies to
single input dual slope ADC. By inserting a dummy cycle
before each measurement cycle, as the residual voltage at the
end of each dummy cycle is to be the same, the conversion
result of each measurement cycle is hence not affected by the
input data of the previous measurement cycle.

[0024] Another method to eliminate channel coupling
error is to provide a Schmitt comparator. The Schmitt
comparator manages to provide hysteresis for the input
voltage, where noise that occurs from input or power line is
stabilized out, meaning the control circuit with Schmitt
comparator keeps residual voltage stable.

[0025] The above is a brief description of some deficien-
cies in the prior art and advantages of the present invention.
Other features, advantages and embodiments of the inven-
tion will be apparent to those skilled in the art from the
following description, accompanying drawings and
appended claims.

BRIEF DESCRIPTION OF DRAWINGS

[0026] FIG. 1 is a circuit diagram illustrating an offset
cancellation circuit for a dual slope analog-to-digital con-
verter (ADC) according to a conventional scheme.

[0027] FIG. 2 is a circuit diagram illustrating a dual
channel dual slope ADC with offset cancellation and hys-
teresis input according to a preferred embodiment of the
present invention.

[0028] FIG. 3 is a diagram illustrating output waveform of
integrator OPAMP 109 of the multi-channel dual slope ADC
with offset cancellation and hysteresis input according to a
preferred embodiment of the present invention.

[0029] FIG. 4 is a diagram illustrating output waveforms
of OPAMP 109 during the measurement cycle of the multi-
channel dual slope ADC with offset cancellation and hys-
teresis input according to a preferred embodiment of the
present invention.

[0030] FIG. 5 is a diagram illustrating dummy cycle
waveforms of the multi-channel dual slope ADC with offset
cancellation and hysteresis input according to a preferred
embodiment of the present invention.
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[0031] FIG. 6 is a diagram illustrating a dummy cycle
waveform of the single channel dual slope ADC with offset
cancellation and hysteresis input according to a preferred
embodiment of the present invention.

[0032] FIG. 7 is a control circuit diagram illustrating the
multi-channel dual slope ADC with offset cancellation and
hysteresis input using a normal comparator according to a
preferred embodiment of the present invention.

[0033] FIG. 8 is a diagram illustrating waveforms of the
multi-channel dual slope ADC with offset cancellation and
hysteresis input using a normal comparator according to a
preferred embodiment of the present invention.

[0034] FIG. 9 is a control circuit diagram illustrating the
multi-channel dual slope ADC with offset cancellation and
hysteresis input using Schmitt comparator according to a
preferred embodiment of the present invention.

[0035] FIG. 10 is a diagram illustrating waveforms of the
multi-channel dual slope ADC with offset cancellation and
hysteresis input using Schmitt comparator according to a
preferred embodiment of the present invention.

[0036] FIG. 11 is a diagram illustrating output waveforms
of the integrator of the during integration, discharge, charge-
reset and auto-zero period of the dual slope analog-to-digital
ADC according to a conventional scheme.

DETAILED DESCRIPTION

[0037] Referring to FIG. 2, it is a circuit diagram illus-
trating a dual slope analog-to-digital converter (ADC)
according to one preferred embodiment of the present inven-
tion. A multi-channel dual slope analog-to-digital converter
(ADCQ) is provided in this present invention. The circuit of
this present invention includes an input circuit 201, an
integrator 202, a comparator 203, a control logic 111, and a
data counter 112. The circuit of this present invention further
includes an offset cancellation logic 204 and a hysteresis
logic 205. The control logic 111 determines input voltage for
the input amplifier 105, after the processed signal is inte-
grated, the comparator 203 comes into play. The offset
cancellation logic 204 couples to the data counter 112, which
is controlled by the control logic 111. Whereas the hysteresis
logic 205 is coupled to the offset cancellation logic 204. On
the other hand, the control logic 111 selects one of the input
voltage levels, in order to process various cycles.

[0038] The circuit of the present invention does not have
the auto zero operation before each measurement cycle,
instead, requires one initialization cycle and one offset
cancellation cycle before following consecutive measure-
ment cycles as shown in FIGS. 3 to 6, and will be described
hereafter. As shown in FIG. 3, each cycle is comprised of an
integrating period and a discharge period. In the initializa-
tion cycle and the offset cancellation cycle, a first reference
voltage Vrefl is selected as the input voltage in the inte-
grating period whereas a second reference voltage Vref2 is
selected in discharge period. In the beginning of initializa-
tion cycle, the residual voltage on the integrating capacitor
108, yet the residual voltage at the end of the initialization
cycle is determined by the offset voltage and delay time of
the comparator 203, and delay time of the control logic
circuit 111 as depicted in FIG. 2. The residual voltage is
hence kept constant in the following consecutive cycles.
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[0039] Referring to FIG. 2, the aforementioned input
circuit 201 includes an input amplifier 105 that is connected
in voltage follower fashion and switches for selecting input
voltages controlled by the control logic. The integrator 109
is connected in a negative feedback loop fashion including
a capacitor 108 and a resister 107, where the positive input
terminal is coupled to analog ground. Between the input
amplifier 105 and the integrator 109, a switch 106 is
disposed, which is controlled by the control logic 111 as
well. The offset-cancellation logic 204 includes a constant
register 113, an offset register 114 coupling to the constant
register 113, and a first subtractor 115 coupling to the data
counter 112 and the offset register 114, yet feed back
connected to offset register 114. Furthermore, the hysteresis
logic 205 includes at least two data registers 117 and 118,
and a second subtractor 116. One of the data registers is
coupled to the other data register, which is coupled to the
second subtractor 116. The second subtractor 116 is coupled
to the first subtractor 115, while the two data registers 117
and 118, and the second subtractor 116 are connected in
feedback fashion. The data from the first subtractor 115 is
coupled to both the data registers 117 and 118.

[0040] The circuit of the present invention eliminates the
auto zero operation before each measurement cycle, whereas
one initialization cycle and one offset cancellation cycle are
introduced before following consecutive measurement
cycles. In the initialization cycle and the offset cancellation
cycle, a first reference voltage Vrefl is selected as the input
voltage in the integrating period. A second reference voltage
Vref2 is always selected in the discharge period. In the
beginning of initialization cycle, the residual voltage in the
integrating capacitor 108 is unknown, but the residual volt-
age at the end of the initialization cycle is determined by the
offset voltage, the delay time of the comparator , and the
delay time of the control logic circuit 111. The residual
voltage is thus kept constant in the following consecutive
cycles.

[0041] On the other hand, in the offset cancellation cycle,
the first reference voltage Vrefl is converted to a digital
value and is saved in the data counter 112. The difference
between the converted data and the correct digital value of
Vrefl which is stored in the constant register 113 is calcu-
lated by a subtractor 115 and saved in an offset register 114.

[0042] In the first measurement cycle, a first input voltage
VIN1 of the first channel channel-1 is selected as the input
voltage in the integrating period. The converted data is saved
in the data counter 112. The offset data stored in the offset
register 114 is subtracted from the converted data to get the
new data of channel-1.

[0043] Thereafter, the new data is compared with the
previous data of channel-1 that is stored in a first data
register 117. If the difference between the new data and the
previous data is larger than a predetermined minimum value,
the new data is stored in the first data register and the output
data of channel-1 is updated.

[0044] In the second measurement cycle, a second input
voltage VIN2 of a second channel channel-2 is selected as
the input voltage in the integrating period. The converted
data is saved in the data counter 112. The offset data stored
in the offset register 114 is subtracted from the converted
data to get the new data of channel-2.

[0045] The new data is compared with the previous data of
channel-2 stored in the second data register 118. If the
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difference between the new data and the previous data is
larger than the predetermined minimum value, the new data
is stored in the second data register and the output data of
channel-2 is updated.

[0046] In this present invention, it is noted that the first
input signal VINT1, the second input signal VIN2 and the first
reference voltage Vrefl are higher than an analog ground
voltage AGND, and the second reference voltage Vref2 is
lower than the analog ground voltage AGND. Referring to
FIG. 3, the residual voltage after initialization and offset
cancellation cycles is constant as illustrated according to the
output waveform of integrator OPAMP 109 in the multi-
channel dual slope ADC according to the present invention.

[0047] Referring to FIG. 4, a channel coupling error
between the first and the second channel is described herein.
The input voltage of channel-1 and channel-2 are measured
alternatively as shown in the waveforms of FIG. 4. If the
input voltage of channel-2 is constant while the input
voltage of channel-1 changes, and if the residual voltage at
the end of the cycle (VE1 and VE2, as shown in the figure)
depends on the input voltage of the cycle, the conversion
results of channel-2 are affected by the input voltage of
channel-1 of the previous cycle. Even if the change of the
residual voltage is substantially small, it is expected that the
conversion result is affected by the input voltage of the
previous cycle, especially when the input voltage of chan-
nel-2 is on a code boundary.

[0048] To avoid channel coupling error by the minor
deviation of the residual voltage, the present invention
introduces following methods as examples. First is to insert
dummy cycles between measurement cycles, and another is
to replace the comparator with a Schmitt comparator. The
purposed methods are described hereafter, where in the
method of dummy cycle is shown in FIG. 5§ and 6, and the
method using Schmitt comparator is shown in FIGS. 7 to 10.

[0049] Referring to FIG. 5, one preferred embodiment of
the present invention is illustrated therein. Inserting a
dummy cycle before each measurement cycle, it is expected
that the residual voltage at the end of each dummy cycle is
the same (VE3 equal to VE4, as shown in the figure). Thus
it is expected that the conversion result of a measurement
cycle be not affected by the previous measurement cycle.
This method also applies to single input dual slope ADC. By
inserting a dummy cycle before each measurement cycle, as
the residual voltage at the end of each dummy cycle is to be
the same (VES equals to VE6, as shown in the figure), the
conversion result of reach measurement cycle is not affected
by the input data of the previous measurement cycle as
shown in FIG. 6.

[0050] Referring to FIG. 7, partial circuit of the dual slope
ADC of FIG. 2 is illustrated herein. The input signal 109 to
a comparator 110 crosses the AGND as shown in FIG. 8.
When the input signal 109 goes higher than AGND, the
output of the comparator changes from “high” to “low”
level. And this change propagates to analog switch through
inverters. The timing to turn off the analog switch, however,
is affected by noise of the input signal and/or power lines,
because the comparator becomes unstable when the input
signal across the threshold voltage of the comparator. The
timing shift affects the residual voltage VEN at the end of the
cycle.

[0051] Referring to FIG. 9, a dual slope ADC with
Schmitt comparator is illustrated herein. The Schmitt com-
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parator provides hysteresis to the input voltage for stabiliz-
ing out the noise from the input and/or power lines. The
control circuit with Schmitt comparator keeps the residual
voltage stable.

[0052] The above description provides a full and complete
description of the preferred embodiments of the present
invention. Various modifications, alternate construction, and
equivalent may be made by those skilled in the art without
changing the scope or spirit of the invention. Accordingly,
the above description and illustrations should not be con-
strued as limiting the scope of the invention which is defined
by the following claims.

1. A dual slope analog-to-digital converter, comprising:
an input circuit;

an integrator;

a conparator;

an offset cancellation logic;

a hysteresis logic;

a control logic; and

a data counter,

wherein the input circuit selectively supplies a plurality of
input voltages and a plurality of reference voltages to
the integrator, the control logic determines a first ref-
erence voltage for providing for the input circuit during
initialization, being integrated by the integrator, a
residual voltage is determined as a second reference
voltage is provided during discharge period, the data
counter converts an input voltage to a digital data
corresponding to the discharge period, the offset can-
cellation logic determines an offset value from the first
reference voltage during an offset cancellation cycle
and compares which with input value that is to be
converted, the hysteresis logic updates the output value
comparing a newly converted value during the current
measurement cycle and a previous value converted in a
previous measurement cycle.

2-6. (canceled)

7. The dual slope analog-to-digital converter as recited in

claim 1, wherein the hysteresis logic comprises:

at least a first data register, for storing the first input
voltage in digital form; and

a subtractor, the subtractor calculates the difference
between a newly converted value during the current
measurement cycle and the previous value converted in
the previous measurement cycle and stored in the data
register, the hysteresis logic updates the data register
with the newly converted value if the difference is
bigger than a predetermined value.

8. (canceled)

9. The dual slope analog-to-digital converter as recited in
claim 1, where in the control logic determines input signal
to the first operational amplifier to be the first reference
voltage, the second reference voltage, and at least one of a
first input voltages, and at least controls a switch between
the input amplifier and the integrator, the control logic
comprises:
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a first inverter, for inverting output signal of the com-
parator; and

a second inverter coupling across the switch, for inverting

output signal of the first inverter.

10. A dual slope analog-to-digital converting method,
comprising a plurality of cycles, each one of the cycles
comprises an integrating period, a discharge period, the dual
slope analog-to-digital converting method comprises:

performing an initialization cycle;
performing an offset cancellation cycle;

performing a first measurement cycle, for providing a first
channel for converting a first input voltage, wherein the
initialization cycle, the offset cancellation cycle, and
the first measurement cycle are performed in a
sequence as cited;

providing a first reference voltage during the integrating
period of the initialization cycle, providing a second
reference voltage during the discharge period of the
initialization cycle for generating a residual voltage;

converting the first reference voltage into digital form and
saving which in a constant register during the offset
cancellation cycle;

operating with the first subtractor on the first reference
voltage in digital form and the value stored in the
constant data register to obtain difference to be saved in
an offset register;

providing the first input voltage during the integrating
period of the first measurement cycle, providing a
second reference voltage luring the discharge period of
the first measurement period, converting the first input
voltage into digital form and saving which to the data
counter during the first measurement cycle, and from
which subtracting the value saved in the offset register
to obtain a new first channel value; and

comparing the new first channel value with the first
channel value saved in a data register, if differing larger
than a first minimum, the new first channel value takes
place in the first data register, and output of the first
channel is updated.

11. The dual slope analog-to-digital converting method as
recited in claim 10, wherein the first input voltage, the first
reference voltage are higher than an analog ground voltage
level, and the second reference voltage is lower than the
analog ground voltage level.

12. The dual slope analog-to-digital converting method as
recited in claim 11, wherein a dummy cycle is inserted
before each the first measurement cycle, and providing the
first reference voltage during the integrating period, provid-
ing the second reference voltage during the discharge period.

13. A dual slope analog-to-digital converting method,
comprising a plurality of cycles, each one of the cycles
comprises an integrating period, a discharge period, the dual
slope analog-to-digital converting method comprises:
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performing an initialization cycle;
performing an offset cancellation cycle;

performing a first measurement cycle, for providing a first
channel for converting a first input voltage,

providing a first reference voltage during the integrating
period of the initialization cycle, providing a second
reference voltage during the discharge period of the
initialization cycle for generating a residual voltage;

converting the first reference voltage into digital form and
saving which in a constant register during the offset
cancellation cycle;

operating with the first subtractor on the first reference
voltage in digital form and the first reference value in
digital form stored in the constant register to obtain
difference to be saved in an offset register;

providing the first input voltage during the integration
period of the first measurement cycle, providing the
second reference voltage during the discharge period of
the first measurement cycle, converting the first input
voltage into digital form and saving which to the data
counter during the first measurement cycle, and from
which subtracting the value saved in the off-set register
to obtain a new first channel value;

comparing the new first channel value with the first
channel value saved in a first data register, if differing
larger than a first minimum, the new first channel value
takes place in the first data register, and output of the
first channel is updated;

providing the second input voltage during the integrating
period of the second measurement cycle, providing the
second reference voltage during the discharge period of
the second measurement cycle, converting the second
input voltage into digital form and saving which to the
data counter during the second measurement cycle, and
from which subtracting the value saved in the offset
register to obtain a new second channel value; and

comparing the new second channel value with the second
channel value saved in a second data register, if dif-
fering larger than the first minimum, the new second
channel value takes place in the second data register,
and output of the second channel is updated.

14. The dual slope analog-to-digital converting method as
recited in claim 13, wherein the first input voltage, the first
reference voltage are higher than a ground voltage level, and
the second reference voltage is lower than the ground
voltage level.

15. The dual slope analog-to-digital converting method as
recited in claim 14 wherein a dummy cycle is inserted before
the first measurement cycle and the second measurement
value, the dummy cycle comprises providing the first ref-
erence voltage during the integrating period, and providing
the second reference voltage during the discharge period.
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