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METHOD AND APPARATUS FOR
ANALOG-TO-DIGITAL CONVERSION USING
ASYNCHRONOUS SIGMA-DELTA
MODULATION

[0001] The subject of this invention is a method and an
apparatus for analog-to-digital conversion using asynchro-
nous Sigma-Delta modulation. The invention can be applied
in the field of signal conversion and processing, especially of
lowpass signals where the analog signal recovery is required,
and also in measurement and control systems.

[0002] The method of analog-to-digital conversion using
asynchronous Sigma-Delta modulation known from the U.S.
Pat. No. 6,087,968 consists in that an analog signal is modu-
lated using an asynchronous Sigma-Delta modulator, and an
obtained square wave is sampled with reference frequency in
the sampler, and then the obtained signal is subjected to
decimation and rate reduction using the digital decimation
filter, and the obtained digital signal is arranged in a sequence
of digital words, suitable for further transmission or process-
ing.

[0003] In the other method of encoding and decoding of a
signal known from the patent application US 2005/0190865,
the conversion of the analog signal into the square wave
consisting in the modulation of the analog signal using the
asynchronous Sigma-Delta modulator is shown, and the sub-
sequent analog signal recovery on the basis of the knowledge
of time instants, in which the edges of the square wave
obtained on the output of the asynchronous Sigma-Delta
modulator occur. The time instants of occurrences of succes-
sive edges of the square wave are measured with finite preci-
sion by the quantization of the width of subsequent pulses and
the encoding of the quantization results in the quantizer
designed in the form of the counter connected to the reference
clock. After completing the quantization of the current pulse,
the digital word obtained on the counter output is made avail-
able by the transmission to the devices where it undergoes
further processing.

[0004] The analog-to-digital converter known from the
U.S. Pat. No. 6,087,968 comprises the asynchronous Sigma-
Delta modulator connected to the sampler that on the other
hand is connected to the reference clock. The sampler output
is connected to the digital decimation filter, whose output is at
the same time an output of the analog-to-digital converter,
whereas the asynchronous Sigma-Delta modulator comprises
the adder on its input. The adder output, through the integra-
tor, is connected to the hysteresis comparator, and the hyster-
esis comparator output, which is at the same time the asyn-
chronous Sigma-Delta modulator output, is connected in the
feedback loop to the inverted input of the adder.

[0005] The other apparatus for signal conversion known
from the patent application US 2005/0190865 comprises the
asynchronous Sigma-Delta modulator whose output is con-
nected to the input of a counter that on the other hand is
coupled to the reference clock. The output of the counter is
connected to a processor with which the reference clock is
also coupled.

[0006] The method according to the present invention con-
sisting in the modulation of the analog signal using the asyn-
chronous Sigma-Delta modulator, counting periods of the
reference clock during each pulse of the previously obtained
square wave and making the digital word available, is char-
acterized in that the square wave obtained in result of the
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asynchronous Sigma-Delta modulation is converted by
counting the reference clock periods during subsequent
pulses of that square wave by means of the counting module.
Further on, each digital word obtained representing the num-
ber of periods counted during each given pulse of the square
wave is recorded and stored in the intermediate buffer; and the
duration of the serial transmission of the digital word
obtained in result of counting the reference clock periods
during previous pulse of the square wave is simultaneously
controlled by the control module; and as soon as this trans-
mission is completed, the content of the intermediate buffer is
transferred to the transmitting buffer; and after that a given
digital word representing a given pulse of the square wave is
transmitted serially to the computer or to the communication
network; then the cycle is repeated for the next pulse of the
square wave. The counting of the reference clock periods
starts from an assumed initial state of the counting module
defined by the number whose value is less than or equal to
zero. The number representing the assumed initial state of the
counting module is negative and its absolute value is the
highest integer number less than or equal to the number
defined as the ratio of the fourth part of the period of the
square wave obtained for the analog signal whose value is
constant in time and equal to zero to the reference clock
period.

[0007] In the other variant of the method according to the
present invention, the number representing the assumed ini-
tial state of the counting module is negative and its absolute
value is the highest integer number less than or equal to the
number defined as the difference between the ratio of the
fourth part of the period of the square wave obtained for the
analog signal whose value is constant in time and equal to
zero to the reference clock period, and the number of refer-
ence clock ticks in the time interval equal to the sum of the
time needed to write the result of each counting to the inter-
mediate buffer and the time needed to introduce the assumed
initial state from the setup register to the counting module.
[0008] Besides, the serial transmission is carried out via the
output port of the transmitting buffer with the rate defined as
the ratio of the number of bits of a given word obtained by
means of the counting module increased by a number of
control bits to the half of the period of the square wave
determined for the analog signal whose value is constant in
time and equal to zero.

[0009] The apparatus according to the present invention
comprises the asynchronous Sigma-Delta modulator and the
counting module to which the reference clock is connected, is
characterized in that the output of the counting module is
connected to the intermediate buffer whose output is coupled
to the transmitting buffer; the output of the transmitting buffer
is at the same time the output of the whole apparatus for the
analog-to-digital conversion; and the input programming the
initial state of the counting module is connected to the setup
register, whereas the counting input of the counting module is
connected to the output of the known reference clock. The
output of the known reference clock and the output the known
asynchronous Sigma-Delta modulator are connected to sepa-
rate inputs of the control module, whose outputs are con-
nected to the counting module, the intermediate buffer and the
transmitting buffer respectively.

[0010] Inthedevelopmentofthe apparatus according to the
present invention, the counting module comprises one
counter, whose input programming its initial state is con-
nected directly to the setup register, and its counting input is
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connected directly to the output of the known reference clock.
The output of the counter is connected directly to the inter-
mediate buffer, and the counter input that controls writing the
initial state into the counter is connected to the output of the
control module.

[0011] Inthe other development of the apparatus according
to the present invention, the counting module comprises two
counters whose inputs programming their initial states are
connected to the setup register, and the counting inputs are
connected via the controlled switches to the known reference
clock output. The control input of one switch is connected
directly to the output of the known asynchronous Sigma-
Delta modulator, and the control input of the other switch is
connected via an inverter to the output of the known asyn-
chronous Sigma-Delta modulator, to which the input of the
control module is coupled at the same time. The output of the
counting module connected to the intermediate buffer is the
output of the multiplexer whose inputs are connected to the
outputs of appropriate counters, and the multiplexer is
coupled to an additional output of the control module, while
separate outputs of the control module are connected to the
inputs that control writing the initial states to the counters.
[0012] The solution according to the invention, by applying
extra data buffering with the intermediate buffer allows to
reduce the transmission bit rate even twice through the serial
output port of the conversion apparatus by shortening time
intervals between successive digital words transmitted, and to
set the transmission bit rate independent of the converted
analog signal amplitude. Besides, if the counting starts from
the negative initial number, especially for its optimum value,
it results in the increase of the resolution of analog-to-digital
conversion used. Furthermore, the method and apparatus for
analog-to-digital conversion according to the invention is
simple, energy efficient, and immune to noise.

[0013] The solution according to the invention is presented
in the following drawings.

[0014] FIG. 1 illustrates a block diagram of the apparatus.
[0015] FIG. 2 shows an apparatus with the counting module
comprising one counter.

[0016] FIG. 3 illustrates timing of control signals in the
apparatus according to FIG. 2.

[0017] FIG. 4 illustrates the course of counting from the
negative initial state in the apparatus according to FIG. 2.
[0018] FIG. 5 illustrates the apparatus with the counting
module comprising two counters.

[0019] FIG. 6 illustrates timing of control signals in the
apparatus according to FIG. 5.

[0020] FIG. 7 illustrates the course of counting from the
negative initial state in the apparatus according to FIG. 5.
[0021] FIG. 8a illustrates output data transmission for ana-
log input signal x(t) equal to zero.

[0022] FIG. 854 illustrates output data transmission for a
positive level of analog input signal x(t).

[0023] FIG. 8¢ illustrates output data transmission for a
negative level of analog input signal x(t).

[0024] The method according to the invention consists in
that the analog signal x(t) is modulated using the asynchro-
nous Sigma-Delta modulator ASDM, and then the obtained
square wave z(t) is converted by counting periods T, of the
reference clock RG during successive pulses of the square
wave z(t) using the counting module CTM. Each digital word
obtained representing the counted number of periods T, of the
reference clock RG during each given pulse of the square
wave z(t) is recorded and stored in the intermediate buffer
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TBUF. At the same time the duration of the serial transmis-
sion ofa digital word obtained in result of counting periods T,
of the reference clock RG during the previous pulse of the
square wave z(t) is controlled by the control module CM, and
as soon as this transmission is completed, the content of the
intermediate buffer TBUF is transferred to the transmitting
buffer TDR of the apparatus. Next, a given digital word rep-
resenting a given pulse of the square wave z(t) is serially
transmitted to the computer or to the communication net-
work, and the cycle is repeated for the next pulse of the square
wave 7(t). The serial transmission is carried out through the
output port TxD of the transmitting buffer TDR with the rate
defined as the ratio of the number of bits of a given word
obtained by means of the counting module CTM, increased
by a number of control bits: start bit and stop bit, to the half of
the period T of the square wave z(t) determined previously by
modulating the analog signal x(t) that is constant in time and
equal to zero.

[0025] In the variant of the method according to the inven-
tion, using the apparatus shown in FIG. 5, the counting of
periods T, of the reference clock RG starts every time from
the assumed initial state of the counters CT1, CT2 of the
counting module CTM defined by the negative number M
(FIG. 7), whose absolute value is the highest integer number
less than or equal to the number defined as the ratio of the
fourth part of the period of the square wave obtained for the
analog signal x(t) that is constant in time and equal to zero to
the period T, of the reference clock RG.

[0026] In the other variant of the method, according to the
invention, using the apparatus shown in FIG. 2, the counting
of periods T, of the reference clock RG starts every time from
the assumed initial state of the counter CT of the counting
module CTM defined by the negative number M' (FIG. 4),
whose absolute value is the highest integer number less than
or equal to the number defined as the difference between the
ratio of the fourth part of the period T of the square wave z(t)
obtained for the analog signal x(t) that is constant in time and
equal to zero to the period T, of the reference clock RG, and
the number m of ticks of the reference clock RG in the time
interval equal to the sum of the time needed to write the result
of each counting to the intermediate buffer TBUF, and the
time needed to introduce the assumed initial state from the
setup register SR to the counter CT, and where the counting
starts as soon as the previous result of counting is written to
the intermediate buffer TBUF and the content of the setup
register SR is introduced to the counter CT of the counting
module CTM.

[0027] The apparatus according to the invention comprises
the asynchronous Sigma-Delta modulator ASDM and the
counting module CTM to which the reference clock RG is
connected (FIG. 1). The output of the counting module CTM
is connected to the intermediate buffer TBUF whose output is
coupled to the transmitting buffer TDR. The output of the
transmitting buffer TDR is at the same time the output of the
whole apparatus for the analog-to-digital conversion. The
input programming the initial state of the counting module
CTM is connected to the setup register SR, and the counting
input of the counting module CTM is connected to the output
of the known reference clock RG. The output of the known
reference clock RG and the output of the known asynchro-
nous Sigma-Delta modulator ASDM are connected to the
separate inputs of the control module CM, whose outputs are
connected to the counting module CTM, the intermediate
buffer TBUF and the transmitting buffer TDR respectively.
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[0028] Inthe embodiment ofthe invention shown in FIG. 2,
the counting module CTM comprises one modulo counter CT
whose input programming its initial state is connected to the
setup register SR, and the counting input of the counter CT is
connected directly to the output of the reference clock RG.
The output of the reference clock RG is connected to one
input of the control module CM, while the output of the
asynchronous Sigma-Delta modulator ASDM is connected to
the other input of the control module CM. On the other hand,
the output of the counter CT of the counting module CTM is
connected directly to the intermediate bufter TBUF, whose
output is connected to the transmitting buffer TDR while the
output of the transmitting buffer TDR is at the same time the
output of the whole apparatus for the analog-to-digital con-
version. The outputs of the control module CM are connected
respectively to the control inputs of the intermediate buffer
TBUF and the transmitting buffer TDR, and the input that
controls the writing of the initial state to the counter CT of the
counting module CM.

[0029] In the other embodiment of the invention shown in
FIG. 5, the counting module CTM comprises two modulo
counters CT1, CT2 whose counting inputs are connected
through the controlled switches S1, S2 to the output of the
known reference clock RG coupled to one input of the control
module CM. The control input of the switch 51 is directly
connected to the output of the asynchronous Sigma-Delta
modulator ASDM, and the control input of the other switch
S2 is connected through an inverter IN to the output of the
asynchronous Sigma-Delta modulator ASDM, to which the
second input of the control module CM is coupled at the same
time. The inputs programming the initial states of both
counters CT1, CT2 are connected to the setup register SR.
The outputs of the counters CT1, CT2 are connected to sepa-
rate inputs of the multiplexer MP whose output is the output
of'the counting module CTM and is connected to the input of
the intermediate buffer TBUF. The inputs that control the
writing of the initial states to the counters CT1, CT2 are
connected to separate outputs of the control module CM. The
additional output of the control module CM is connected to
the multiplexer MP.

[0030] Theapparatus according to the invention operates as
follows. The analog input signal x(t) is modulated in the
asynchronous Sigma-Delta modulator ASDM, and the signal
z(t) obtained on its output is a square wave with the modulated
frequency and duty cycle. The widths of successive pulses of
the square wave z(t) on the asynchronous Sigma-Delta modu-
lator ASDM output depend on the amplitude of the analog
signal x(t) on its input. Next, the square wave z(t) is converted
by counting the periods T, of the reference clock RG using the
counting module CTM during successive pulses of the square
wave 7(t). In result of counting, the width of each pulse of the
square wave 7(t) is represented by the integer number of
periods T, of the reference clock RG expressed in the form of
a binary digital word of a fixed number of bits. The counting
of the periods T, of the reference clock RG signal is started
every time from the assumed initial state. And thus, each edge
of the square wave z(t) on the asynchronous Sigma-Delta
modulator ASDM output causes the recording of the result of
the counting of the reference clock RG periods for the previ-
ous pulse of the square wave z(t) in the intermediate buffer
TBUF, and writing the assumed initial state from the setup
register SR into the counting module CTM.

After writing the initial state into the counting module CTM,
the counting of periods T, of the reference clock RG starts.
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The counting is completed when the successive edge of the
square wave z(t) occurs. All cyclic operations carried out by
the counting module CTM are controlled by means of the
control signal CTMCTR generated by the control module
CM on the basis of the signal z(t) as shown in FIG. 1. Next, a
digital word representing the result of counting for a given
pulse of the square wave z(t) is recorded in the intermediate
buffer TBUF and stored there until the transmission of the
previous word is completed. The course of the transmission is
controlled by the control module CM by means of the set of
control signals TDRCTR comprising a signal clocking the
transmission, a signal determining the correct value of control
bits in the transmitting buffer TDR, and a signal that stops the
shifting of the content of the TDR bufter after the completion
of'the transmission of the whole word. The completion of the
transmission of the previous word triggers the generation of
the pulse WRTDR by the control module CM. The leading
edge of the WRTDR pulse causes the transfer of a given word
from the intermediate buffer TBUF to the transmitting buffer
TDR, where after providing it with the bit start and the bit
stop, the serial transmission of successive bits of a given word
starts on the serial output port TxD of the transmitting buffer
TDR.

The serial transmission is carried out with the rate defined as
the ratio of the number of bits of a given word obtained by
means of the counting module CTM increased by a number of
control bits to the half of the period T of the square wave z(t)
determined previously by modulating the analog signal x(t)
that is constant in time and equal to zero.

[0031] Inthe embodiment of the apparatus according to the
invention shown in FIG. 2 in which the counting module
CTM comprises one counter CT, each edge of the square
wave 7(t) on the asynchronous Sigma-Delta modulator
ASDM output triggers the generation of the control pulse
WRBUF by the control module CM. The control pulse
WRBUF causes the recording of the result of the counting of
the periods T, of the reference clock RG for the previous
pulse of the square wave z(t) in the intermediate buffer TBUF.
The trailing edge of the control pulse WRBUF triggers the
generation of the pulse WRCT by the control module CM
(FIG. 3) that causes writing the assumed initial state into the
counter CT of the counting module CTM. The initial state
stored in the setup register SR is defined as the negative
number M' (FIG. 4) whose absolute value is less by a number
m than the absolute value of the negative number M, where
the negative number M is a number whose absolute value is
the highest integer number less than or equal to the number
defined as the ratio of the fourth part of the period T of the
square wave Z(t) obtained for the analog signal x(t) whose
value is constant in time and equal to zero to the period T, of
the reference clock RG, and m is the number of ticks of the
reference clock RG in the time interval equal to the sum of the
time needed to write the result of each counting to the inter-
mediate buffer TBUF and the time needed to write the
assumed initial state from the setup register SR to the counter
CT. After writing the initial state into the counting module
CTM, the counting of the periods T, of the reference clock
RG starts. The counting is completed when the successive
edge ofthe square wave z(t) on the output of the asynchronous
Sigma-Delta modulator ASDM occurs.

[0032] Inthe embodiment of the apparatus according to the
invention shown in FIG. 2 in which the counting module
CTM comprises one counter CT, the control of the counting
module CTM by the control module CM is carried out by
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means of the signal CTMCTR (FIG. 1) in the form of a single
control signal WRCT (FIG. 2). A digital word recorded in the
intermediate buffer TBUF representing the result of counting
for a given pulse of the square wave z(t) is stored until the
transmission of the previous word is completed. The course of
the transmission is controlled by the control module CM by
means of the set of control signals TDRCTR comprising a
signal clocking the transmission, a signal determining the
correct value of control bits in the transmitting buffer TDR,
and the signal that stops the shifting of a content of the TDR
buffer after the completion of the transmission of the whole
word. The completion of the transmission of the previous
word triggers the generation of the pulse WRTDR by the
control module CM. The leading edge of the WRTDR pulse
causes transfer of a given word from the intermediate buffer
TBUF to the transmitting buffer TDR, where after providing
it with the bit start and the bit stop, the serial transmission of
successive bits of a given word starts on the serial output port
TxD of the transmitting buffer TDR (FIG. 3).

[0033] Inthe embodiment of the apparatus according to the
invention shown in FIG. 5 in which the counting module
CTM comprises two counters CT1, CT2, the square wave z(t)
is converted by counting the periods T, of the reference clock
RG during a given positive pulse of the square wave z(t) by the
counter CT1, and during the successive negative pulse of the
square wave z(t) by the counter CT2 respectively. In result of
counting, the width of each pulse of the square wave z(t) is
represented by the integer number of periods T, of the refer-
ence clock RG expressed in the form of a binary digital word
of'a fixed number of bits. The reference clock RG is supplied
to the counters CT1, CT2 through the controlled switches S1,
S2 connected alternately by the levels of successive pulses of
the square wave z(t) from the modulator ASDM output. Thus,
the high level of the square wave z(t) causes the closure of the
switch S1 supplying the reference clock RG signal to the
counter CT1 and at the same time the opening of the switch
S2, while the low level of the square wave z(t) closes the
switch S2 connecting the reference clock RG signal to the
counter CT2 and at the same time opens the switch S1. The
counting of the periods T, of the reference clock RG signal is
started every time from the assumed initial state of the
counters CT1, CT2 defined by the number M less than zero
(FIG. 7) and stored in the setup register SR. Each rising edge
of the square wave z(t) on the asynchronous Sigma-Delta
modulator ASDM output writes the content of the setup reg-
ister SR to the counter CT1 using the signal WRCT1 gener-
ated by the control module CM, and each falling edge of the
square wave z(t) writes the content of the corresponding setup
register SR to the counter CT2 using the signal WRCT2
generated by the control module CM (FIG. 6). The alternative
way of determining the initial state for the counters CT1, CT2
can consist in the introducing of the content of the setup
register SR as soon as the final result of the previous counting
is recorded in the intermediate buffer TBUF. After writing the
initial state to the counters CT1, CT2, the counting of periods
T, of the reference clock RG starts. The counting in the
counter CT1 is completed when the falling edge of the square
wave z(t) appears and the counting in the counter CT2 is
completed when the rising edge of the square wave z(t)
occurs. Simultaneously, after completing the counting pro-
cess for a given current pulse of the square wave z(t) by means
of the counter CT1 or CT2 respectively, the control module
CM selects one of the two inputs of the multiplexer MP using
a signal MUX. Each edge of the MUX signal triggers the
generation of the short pulse WRBUF by the control module
CM. The falling edge of the pulse WRBUF makes a digital
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word to be written to the intermediate buffer TBUF. The
duration of the WRBUF pulse is long enough to establish a
stable state of corresponding logical levels on the output of
the multiplexer MP. A given word recorded in the intermedi-
ate buffer TBUF is stored until the transmission of the previ-
ous word is completed.

[0034] Inthe embodiment of the apparatus according to the
invention shown in FIG. 5 in which the counting module
CTM comprises two counters CT1, CT1, the control of the
counting module CTM by the control module CM is carried
out by means of the signal CTMCTR (FIG. 1) comprising a
set of the control signals WRCT1, WRCT2, MUX and z(t)
(FIG. 5). A given word recorded in the intermediate buffer
TBUF representing the result of counting for a given pulse of
the square wave z(t) is stored until the transmission of the
previous word is completed. The course of the transmission is
controlled by the control module CM by means of the set of
control signals TDRCTR comprising a signal clocking the
transmission, a signal determining the correct value of control
bits in the transmitting buffer TDR, and the signal that stops
the shifting of a content of the TDR bufter after the comple-
tion of the transmission of the whole word. The completion of
the transmission of the previous word triggers the generation
of'the pulse WRTDR by the control module CM. The leading
edge of the WRTDR pulse causes the transfer of a given word
from the intermediate buffer TBUF to the transmitting buffer
TDR, where after providing it with a bit start and a bit stop, the
serial transmission of successive bits of a given word starts on
the serial output port TxD of the transmitting buffer TDR
(FIG. 6).

[0035] When, in the apparatus according to the invention
either from FIG. 1, or in its developments from FIG. 2 and
FIG. 5, the square wave z(t) on the output of the asynchronous
Sigma-Delta modulator ASDM has duty cycle equal to 0.5,
which happens when the ASDM modulator input is driven by
the analog signal x(t) of the value constant in time and equal
to zero, the process of the transmission of the digital word
representing the previous pulse of the square wave z(t) and the
process of conversion of the current pulse of this signal z(t)
into the digital word do not overlap each other in time (FIG.
8a). Then, the digital words after writing them into the inter-
mediate buffer TBUF are immediately transferred to the
transmitting buffer TDR where their serial transmissions via
the serial output port TxD of the transmitting buffer TDR
start.

[0036] When, in the apparatus according to the invention
either from FIG. 1, or in its developments from FIG. 2 and
FIG. 5, the square wave z(t) on the asynchronous Sigma-
Delta modulator ASDM output has duty cycle different from
0.5, which happens when the ASDM modulator input is
driven by the analog signal x(t) whose value is different from
zero, the process of the transmission of the digital word
representing the previous pulse of the square wave z(t) and the
process of conversion of the current pulse of this signal z(t)
into the digital word overlap each other in time (FIG. 85, FIG.
8¢). Then, the additional data buffering in the intermediate
buffer TBUF prevents the loss of data contained in digital
words.

[0037] ASDM-—asynchronous Sigma-Delta modulator
[0038] CTM-—counting module

[0039] TBUF—intermediate buffer

[0040] TDR—transmitting buffer

[0041] RG—reference clock

[0042] CM-—control module

[0043] CT, CT1, CT2—digital counters

[0044] SR—setup register

[0045] S1, S2—controlled switches
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[0046] IN—inverter

[0047] x(t)—analog signal on asynchronous Sigma-Delta
modulator input

[0048] z(t)—square wave on asynchronous Sigma-Delta
modulator output

[0049] WRCT, WRCT1, WRCT2—control pulses to write
initial states to counters CT, CT1, CT2

[0050] MUX-—control signal for multiplexer input selec-
tion
[0051] WRBUF—control pulse to write data to the inter-

mediate buffer

[0052] WRTDR-——control pulse to write data to the trans-
mitting buffer

[0053] TDRCTR—set of signals controlling output data
transmission

[0054] TxD—serial output port
[0055] T,—reference clock period
[0056] T—period of square wave z(t) for analog signal x(t)

whose value is constant in time and equal to zero

1. Method for the analog-to-digital signal conversion with
the asynchronous Sigma-Delta modulation consisting in the
modulation of the analog signal by means of the asynchro-
nous Sigma-Delta modulator, counting periods of the refer-
ence clock during each pulse of the previously obtained
square wave and making the digital word available character-
ized in that the square wave (z(1)) obtained as a result of the
modulation in the asynchronous Sigma-Delta modulator
(ASDM) undergoes conversion by counting periods of the
reference clock (RG) during subsequent pulses of that square
wave (z(t)) using the counting module (CTM), and next in
that each digital word obtained representing the counted
number of periods (T0) of the reference clock (RG) during
each given pulse of the square wave (z(t)) is recorded and
stored in the intermediate buffer (TBUF), and at the same
time the duration of the serial transmission of a digital word
obtained in result of counting the periods (To) of the reference
clock (RG) during the previous pulse of the square wave (z(t))
is controlled by the control module (CM), and as soon as this
transmission is completed, the content of the intermediate
buffer (TBUF) is transferred to the transmitting buffer (TDR),
and next in that the given digital word representing the given
pulse of the square wave (z(t)) is serially transmitted to the
computer or to the communication network, and a cycle is
repeated for the next pulse of the square wave (z(t)).

2. Method as claimed in claim 1 characterized in that the
counting of the periods (T,) of the reference clock (RG) starts
from the assumed initial state of the counting module (CTM)
defined by the number whose value is less than zero.

3. Method as claimed in claim 1 characterized in that the
counting of the periods (T,) of the reference clock (RG) starts
from the assumed initial state of the counting module (CTM)
defined by the number whose value is equal to zero.

4. Method as claimed in claim 2 characterized in that the
number defining the assumed initial state of the counting
module (CTM) is the negative number (M) whose absolute
value is the highest integer number less than or equal to the
number defined as the ratio of the fourth part of the period (T)
of the square wave (z(1)) obtained for the analog signal (x(t))
whose value is constant in time and equal to zero to the period
(T,) of the reference clock (RG).

5. Method as claimed in claim 2 characterized in that the
number defining the assumed initial state of the counting
module (CTM) is the negative number (M') whose absolute
value is the highest integer number less than or equal to the
number defined as the difference between the ratio of the
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fourth part of the period (T) of the square wave (z(t)) obtained
for the analog signal (x(t)) whose value is constant in time and
equal to zero to the period (To) of the reference clock (RG),
and the number (m) of ticks of the reference clock (RG) in the
time interval equal to the sum of the time needed to record the
result of each counting in the intermediate bufter (TBUF) and
the time needed to write the assumed initial state from the
setup register (SR) to the counting module (CTM).

6. Method as claimed in claim 1 characterized in that the
serial transmission is carried out via the output port (TxD) of
the transmission buffer (TDR) with the rate defined as the
ratio of the number of bits of a given word obtained in the
counting module (CTM), increased by a number of control
bits to the half of the period (T) of the square wave (z(t))
determined for the analog signal (x(t)) whose value is con-
stant in time and equal to zero.

7. Apparatus for the analog-to-digital conversion with the
asynchronous Sigma-Delta modulation comprising the asyn-
chronous Sigma-Delta modulator and the counting module
connected to the reference clock characterized in that the
output of the counting module (CTM) is connected to the
intermediate bufter (TBUF) whose output is connected to the
transmitting buffer (TDR), and the output of the transmitting
buffer (TDR) is at the same time the output of the apparatus
for analog-to-digital conversion, while the input program-
ming the initial state of the counting module (CTM) is con-
nected to the setup register (SR), and the counting input of the
counting module (CTM) is connected to the output of the
known reference clock (RG), and the output of the known
reference clock (RG) and the output of the known asynchro-
nous Sigma-Delta modulator (ASDM) are connected to the
separate inputs of the control module (CM) whose outputs are
connected to the counting module (CTM), the intermediate
buffer (TBUF) and the transmitting buffer (TDR) respec-
tively.

8. Apparatus as claimed in claim 7 characterized in that the
counting module (CTM) comprises one counter (CT), whose
input programming its initial state is connected directly to the
setup register (SR), and its counting input is connected
directly to the output of the known reference clock (RG),
whereas the output of the counter (CT) is connected directly
to the intermediate buffer (TBUF), and the input of the
counter (CT), that controls the writing of the initial state to it,
is connected to the output of the control module (CM).

9. Apparatus as claimed in claim 7 characterized in that the
counting module (CTM) comprises two counters (CT1, CT2)
whose inputs programming their initial states are connected
to the setup register (SR), and their counting inputs are con-
nected via the switches (S1, S2) to the output of the known
reference clock (RG), and the control input of one switch (S1)
is connected directly to the output of the known asynchronous
Sigma-Delta modulator (ASDM), and the control input of the
other switch (S2) is connected via an inverter (IN) to the
output of the known asynchronous Sigma-Delta modulator
(ASDM) to which the input of the control module (CM) is
coupled at the same time, whereas the output of the counting
module (CTM) connected to the intermediate buffer (TBUF)
is the output of the multiplexer (MP) whose inputs are con-
nected to the outputs of appropriate counters (CT1, CT2)
respectively, and the multiplexer (MP) is coupled to the addi-
tional output of the control module (CM), while separate
outputs of the control module (CM) are connected to the
inputs that control the writing of the initial states to the
counters (CT1, CT?2).
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