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Description

[0001] The subject of this invention is a method and
an apparatus for analog-to-digital conversion using asyn-
chronous 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 con-
trol systems.

[0002] The method of analog-to-digital conversion us-
ing asynchronous Sigma-Delta modulation known from
the patent US 6087968 consists in that an analog signal
is modulated using an asynchronous Sigma-Delta mod-
ulator, and an obtained square wave is sampled with ref-
erence 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 processing.

[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 subsequent 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 successive edges of the
square wave are measured with finite precision by the
quantization of the width of subsequent pulses and the
encoding of the quantization results in the quantizer de-
signed in the form of the counter connected to the refer-
ence clock. After completing the quantization of the cur-
rent pulse, the digital word obtained onthe counter output
is made available by the transmission to the devices
where it undergoes further processing.

[0004] The analog-to-digital converter known from the
patent US 6087968 comprises the asynchronous Sigma-
Delta modulator connected to the sampler that on the
other hand is connected to the reference clock. The sam-
pler output is connected to the digital decimation filter,
whose outputis 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 integrator, is connected to the
hysteresis comparator, and the hysteresis comparator
output, which is at the same time the asynchronous Sig-
ma-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 connected 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
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consisting in the modulation of the analog signal using
the asynchronous Sigma-Delta modulator, counting pe-
riods of the reference clock during each pulse of the pre-
viously obtained square wave and making the digital
word available, is characterized in that the square wave
obtained inresultof the asynchronous Sigma-Delta mod-
ulation is converted by counting the reference clock pe-
riods during subsequent pulses of that square wave by
means of the counting module. Further on, each digital
word obtained representing the number of periods count-
ed during each given pulse of the square wave is record-
ed 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 pre-
vious pulse of the square wave is simultaneously con-
trolled 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 re-
peated for the next pulse of the square wave. The count-
ing 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 con-
stant 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 as-
sumed 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 difference between
the ratio of the fourth part of the period of the square
wave obtained for the analog signal whose value is con-
stant in time and equal to zero to the reference clock
period, and the number of reference clock ticks in the
time interval equal to the sum of the time needed to write
the result of each counting to the intermediate 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 signalwhose val-
ue is constant in time and equal to zero.

[0009] The apparatus according to the present inven-
tion 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
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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
ofthe 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 separate inputs of the control module,
whose outputs are connected to the counting module,
the intermediate buffer and the transmitting buffer re-
spectively.

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

[0011] In the other development of the apparatus ac-
cording 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 in-
verter to the output of the known asynchronous 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 out-
puts of appropriate counters, and the multiplexer is cou-
pled 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 ap-
plying 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 ana-
log-to-digital conversion according to the invention is sim-
ple, energy efficient, and immune to noise.

[0013] The solution according to the invention is pre-
sented in the following drawings.

Fig. 1 illustrates a block diagram of the apparatus.
Fig. 2 shows an apparatus with the counting module
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comprising one counter.

Fig. 3 illustrates timing of control signals in the ap-
paratus according to Fig. 2.

Fig. 4 illustrates the course of counting from the neg-
ative initial state in the apparatus according to Fig. 2.
Fig. 5 illustrates the apparatus with the counting
module comprising two counters.

Fig. 6 illustrates timing of control signals in the ap-
paratus according to Fig. 5.

Fig. 7 illustrates the course of counting from the neg-
ative initial state in the apparatus according to Fig. 5.
Fig. 8aillustrates output data transmission for analog
input signal x(t) equal to zero.

Fig. 8b illustrates output data transmission for a pos-
itive level of analog input signal x(t).

Fig. 8cillustrates output data transmission for a neg-
ative level of analog input signal x(t).

[0014] The method according to the invention consists
in that the analog signal x(t) is modulated using the asyn-
chronous Sigma-Delta modulator ASDM, and then the
obtained square wave z(t) is converted by counting pe-
riods To 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 count-
ed number of periods To of the reference clock RG during
each given pulse of the square wave z(t) is recorded and
stored in the intermediate buffer TBUF. At the same time
the duration of the serial transmission of a digital word
obtained in result of counting 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 in-
termediate buffer TBUF is transferred to the transmitting
buffer TDR of the apparatus. Next, a given digital word
representing a given pulse of the square wave z(t) is se-
rially transmitted to the computer or to the communication
network, and the cycle is repeated for the next pulse of
the square wave z(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 ana-
log signal x(t) that is constant in time and equal to zero.
[0015] In the variant of the method according to the
invention, using the apparatus shownin Fig. 5, the count-
ing of periods To 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 To of the reference
clock RG.

[0016] In the other variant of the method, according to
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the invention, using the apparatus shown in Fig. 2, the
counting of periods To 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 an-
alog signal x(t) that 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 write the
result of each counting to the intermediate buffer TBUF,
andthe time needed tointroduce 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.

[0017] The apparatus according to the invention com-
prises 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 an-
alog-to-digital conversion. The input programming the in-
itial state of the counting module CTM is connected to
the setup register SR, and the counting input of the count-
ing 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 asynchronous Sig-
ma-Delta modulator ASDM are connected to the sepa-
rate inputs of the control module CM, whose outputs are
connected to the counting module CTM, the intermediate
buffer TBUF and the transmitting buffer TDR respective-
ly.

[0018] In the embodiment of the 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 buffer TBUF, whose output
is connected to the transmitting buffer TDR while the out-
put of the transmitting buffer TDR is at the same time the
output of the whole apparatus for the analog-to-digital
conversion. The outputs of the control module CM are
connected respectively to the control inputs of the inter-
mediate 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.

10

15

20

25

30

35

40

45

50

55

[0019] Inthe other embodiment of the invention shown
in Fig. 5, the counting module CTM comprises two mod-
ulo counters CT1, CT2 whose counting inputs are con-
nected through the controlled switches S1, S2 to the out-
put of the known reference clock RG coupled to one input
of the control module CM. The control input of the switch
S1isdirectly connected to the output ofthe asynchronous
Sigma-Delta modulator ASDM, and the control input of
the other switch S2 is connected through an inverter IN
tothe output of the asynchronous Sigma-Delta modulator
ASDM, to which the second input of the control module
CM s coupled atthe 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 separate inputs of the multi-
plexer MP whose output is the output of the counting
module CTM and is connected to the input of the inter-
mediate buffer TBUF. The inputs that control the writing
of the initial states to the counters CT1, CT2 are connect-
ed to separate outputs of the control module CM. The
additional output of the control module CM is connected
to the multiplexer MP.

[0020] The apparatus according to the invention oper-
ates as follows.

The analog input signal x(t) is modulated in the asynchro-
nous Sigma-Delta modulator ASDM, and the signal z(t)
obtained on its output is a square wave with the modu-
lated frequency and duty cycle. The widths of successive
pulses of the square wave z(t) on the asynchronous Sig-
ma-Delta modulator ASDM output depend on the ampli-
tude of the analog signal x(t) on its input. Next, the square
wave z(t) is converted by counting the periods To of the
reference clock RG using the counting module CTM dur-
ing successive pulses of the square wave z(t). In result
of counting, the width of each pulse of the square wave
z(t) is represented by the integer number of periods To
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 To of the reference clock RG signal is start-
ed 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 record-
ing of the result of the counting of the reference clock RG
periods for the previous 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 To of the reference clock
RG starts. The counting is completed when the succes-
sive edge of the square wave z(t) occurs. All cyclic op-
erations carried out by the counting module CTM are
controlled by means of the control signal CTMCTR gen-
erated 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



7 EP 2 140 552 B1 8

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 trans-
mission, 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 buffer after the
completion of the transmission of the whole word. The
completion of the transmission of the previous word trig-
gers the generation of the pulse WRTDR by the control
module CM. The leading edge of the WRTDR pulse caus-
es the transfer of a given word from the intermediate buff-
er TBUF to the transmitting buffer TDR, where after pro-
viding it with the bit start and the bit stop, the serial trans-
mission of successive bits of a given word starts on the
serial output port TxD of the transmitting buffer TDR.
The serial transmission is carried outwith 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.

[0021] In the 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 z(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 To 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 high-
est integer number less than or equal to the number de-
fined 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
To 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 intermediate buffer TBUF and the time
needed to write the assumed initial state from the setup
register SR tothe counter CT. After writing the initial state
into the counting module CTM, the counting of the periods
To ofthe reference clock RG starts. The counting is com-
pleted when the successive edge of the square wave z
(t) on the output of the asynchronous Sigma-Delta mod-
ulator ASDM occurs.

[0022] In the 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
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the counting module CTM by the control module CM is
carried out by 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 repre-
senting 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 transmis-
sion 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 cor-
rect 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 transmit-
ting buffer TDR (fig. 3).

[0023] In the 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 To
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 To of the reference clock
RG expressed in the form of a binary digital word of a
fixed number of bits. The reference clock RG is supplied
tothe 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) caus-
es 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 pe-
riods To 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 mod-
ulator ASDM output writes the content of the setup reg-
ister SR to the counter CT1 using the signal WRCT1 gen-
erated by the control module CM, and each falling edge
of the square wave z(t) writes the content of the corre-
sponding 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
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result of the previous counting is recorded in the inter-
mediate buffer TBUF. After writing the initial state to the
counters CT1, CT2, the counting of periods To 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
process 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 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 mul-
tiplexer MP. A given word recorded in the intermediate
buffer TBUF is stored until the transmission of the previ-
ous word is completed.

[0024] In the embodiment of the apparatus according
to the invention shown in Fig. 5 in which the counting
module CTM comprises two counters CT1,CT1, the con-
trol 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 agiven 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 TDRC-
TR comprising a signal clocking the transmission, a sig-
nal 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 con-
trol 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 trans-
mission of successive bits of a given word starts on the
serial output port TxD of the transmitting buffer TDR (fig.
6).

[0025] When, in the apparatus according to the inven-
tion 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 mod-
ulator 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 digitalword representing the previous
pulse of the square wave z(t) and the process of conver-
sion of the current pulse of this signal z(t) into the digital
word do not overlap each other in time (Fig. 8a). Then,
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the digital words after writing them into the intermediate
buffer TBUF are immediately transferred to the transmit-
ting buffer TDR where their serial transmissions via the
serial output port TxD of the transmitting buffer TDR start.
[0026] When, in the apparatus according to the inven-
tion 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 dif-
ferent from 0.5, which happens when the ASDM modu-
lator 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. 8b, Fig. 8c). Then, the additional
data buffering in the intermediate buffer TBUF prevents
the loss of data contained in digital words.

ASDM- asynchronous Sigma-Delta modulator
CTM - counting module

TBUF - intermediate buffer

TDR - transmitting buffer

RG - reference clock

CM - control module

CT, CT1, CT2 - digital counters

SR - setup register

S1, S2 - controlled switches

IN - inverter

x(t) - analog signal on asynchronous Sigma-Delta
modulator input

z(t) - square wave on asynchronous Sigma-Delta
modulator output

WRCT, WRCT1, WRCT2 - control pulses to write
initial states to counters CT, CT1, CT2

MUX - control signal for multiplexer input selection
WRBUF - control pulse to write data to the interme-
diate buffer

WRTDR - control pulse to write data to the transmit-
ting buffer

TDRCTR - set of signals controlling output data
transmission

TxD - serial output port

To - reference clock period

T - period of square wave z(t) for analog signal x(t)
whose value is constant in time and equal to zero

Claims

1. Method for the analog-to-digital signal conversion
with an asynchronous Sigma-Delta modulation con-
sisting in the modulation of an analog signal by
means of an asynchronous Sigma-Delta modulator,
counting periods of a reference clock during each
pulse of a previously obtained square wave and mak-
ing a digital word available in which the square wave
(z(t)) obtained as a result of the modulation in the
asynchronous Sigma-Delta modulator (ASDM) un-
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dergoes conversion by counting periods of the ref-
erence clock (RG) during subsequent pulses of that
square wave (z(t)) using a counting module (CTM),
and next in that each digital word obtained repre-
senting the counted number of periods (To) of the
reference clock (RG) during each given pulse of the
square wave (z(t)) is recorded and stored, charac-
terised in that the digital words are stored in an in-
termediate buffer (TBUF), and at the same time the
duration of the serial transmission of a digital word
obtained in result of counting the periods (T,) of the
reference clock (RG) during the previous pulse of
the square wave (z(t)) is controlled by a control mod-
ule (CM), and as soon as this transmission is com-
pleted, the content of the intermediate buffer (TBUF)
is transferred to a 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 a computer or to a communication network, and
a cycle is repeated for the next pulse of the square
wave (z(t)).

Method as claimed in claim 1 characterized in that
the counting of the periods (TO) of the reference clock
(RG) starts from anassumed initial state of the count-
ing module (CTM) defined by a number whose value
is less than zero.

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

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 val-
ue is constant in time and equal to zero to the period
(Tg) of the reference clock (RG).

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 dif-
ference between 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 the number (m) of ticks of the refer-
ence clock (RG) in the time interval equal to the sum
of the time needed torecord the result of each count-
ing in the intermediate buffer (TBUF) and the time
needed to write the assumed initial state from the
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setup register (SR) to the counting module (CTM).

Method as claimed in one of claims from claim 1 to
claim 5 characterized in thatthe serial transmission
is carried out via an output port (TxD) of the trans-
mitting buffer (TDR) with a 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 constant in time and equal to zero.

Apparatus for the analog-to-digital conversion with
an asynchronous Sigma-Delta modulation compris-
ing an asynchronous Sigma-Delta modulator and a
counting module connected to a reference clock
characterized in that the output of the counting
module (CTM) is connected to anintermediate buffer
(TBUF) whose output is connected to a 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 pro-
gramming the initial state of the counting module
(CTM) is connected to a setup register (SR), and the
counting input of the counting module (CTM) is con-
nected to the output of the reference clock (RG), and
the output of the reference clock (RG) and the output
of the asynchronous Sigma-Delta modulator (AS-
DM) are connected to the separate inputs of a control
module (CM) whose outputs are connected to the
counting module (CTM), the intermediate buffer
(TBUF) and the transmitting buffer (TDR) respec-
tively.

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 reference clock (RG), whereas the out-
put 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).

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 connected via the
switches (S1, S2) to the output of the reference clock
(RG), and the control input of one switch (S1) is con-
nected directly to the output of the asynchronous Sig-
ma-Delta modulator (ASDM), and the control input
of the other switch (S2) is connected via an inverter
(IN) to the output of the asynchronous Sigma-Delta
modulator (ASDM) to which the input of the control
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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 a
multiplexer (MP) whose inputs are connected to the
outputs of appropriate counters (CT1, CT2) respec-
tively, and the multiplexer (MP) is coupled to the ad-
ditional output of the control module (CM), while sep-
arate outputs of the control module (CM) are con-
nected to the inputs that control the writing of the
initial states to the counters (CT1, CT2).

Patentanspriiche

1.

Verfahren zur Umsetzung von Analogsignalen in Di-
gitalsignale unter Verwendung einer asynchronen
Sigma-Delta-Modulation beruhend auf der Modula-
tion des Analogsignals mit Hilfe eines asynchronen
Sigma-Delta-Umsetzers, dem Abzahlen der Peri-
oden des Taktsignals wahrend des jeweiligen Impul-
ses der vorher erlangten Rechteckwelle sowie der
Bereitstellung des erzeugten Digital-Wortes, in dem
das Rechtecksignal (z(t)), welches infolge der Mo-
dulation in dem asynchronen Sigma-Delta-Umset-
zer (ASDM) durch das Abzéhlen der Perioden (Tg)
des Taktsignals (RG)wahrend der nacheinander fol-
genden Impulse der Rechteckwelle (z(t)) mit Hilfe
eines Zahlmoduls (CTM) der Umsetzung unterwor-
fenwird, wonach jedes erlangte Digital-Wort, das die
abgezahlte Anzahl der Perioden des Takisignals
(RG) reprasentiert, wahrend der Dauer des jeweili-
gen Impulses der Rechteckwelle (z(t)) aufgezeich-
net und gespeichert wird, dadurch gekennzeich-
net, dass die Digital-Worte in einem Zwischenpuffer
(TBUF) eingespeichert werden und gleichzeitig die
Dauer der seriellen Ubertragung des Digital-Wortes,
welches infolge der Abz&hlung der Perioden (Ty) des
Taktsignals (RG) wahrend der Dauer des friiheren
Impulses der Rechteckwelle (z(t)) erlangt wurde, mit
Hilfe eines Steuermoduls (CM) kontrolliert wird, und
der Inhalt des Zwischenpuffers (TBUF) zum Zeit-
punkt der Beendigung seiner Ubertragung in den
Sendepufferspeicher (TDR) der Vorrichtung trans-
feriert wird, und das gegebene Digital-Wort, das den
gegebenen Impuls des Rechtecksignals (z(t)) repra-
sentiert, in einen Computer oder ein Fernmeldenetz
seriell Ubertragen wird, wonach sich der gesamte
Zyklus fur den folgenden Impuls der Rechteckwelle
(z(t)) wiederholt.

Verfahren gemal Anspruch 1 dadurch gekenn-
zeichnet, dass das Abzahlen der Perioden (T) des
Taktsignals (RG) ab dem angenommenen Anfangs-
zustand des Zahlmoduls (CTM), welches mit einer
Zahl, deren Wert kleiner als Null ist, bestimmt wird,
beginnt.

3. Verfahren gemal Anspruch 1 dadurch gekenn-
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zeichnet, dass das Abz&hlen der Perioden (T,) des
Taktsignals (RG) ab dem gegebenen Anfangszu-
stand des Zahimoduls (CTM), das mit einer Zahl,
deren Wert gleich Null ist, bestimmt wird, beginnt.

Verfahren gemal Anspruch 2 dadurch gekenn-
zeichnet, dass die den Anfangszustand des Zahl-
moduls (CTM) bestimmende Zahl eine negative Zahl
(M) ist, deren absoluter Wert die gréRte Ganzzahl
ist, deren Wert kleiner als oder gleich der Zahl ist,
die als Verhéltnis des vierten Teils der Periode (T)
der Rechteckwelle (z(t)), bestimmt flr das analoge
Signal (x(t)), dessen Wert zeitlich konstant und
gleich Null ist, zu der Periode (T;) des Taktsignals
(RG) definiert wird.

Verfahren gemaR Anspruch 2 dadurch gekenn-
zeichnet, dass die den Anfangszustand des Zahl-
moduls (CTM) bestimmende Zahl eine negative Zahl
(M) ist, deren absoluter Wert die gréRte Ganzzahl
ist, deren Wert kleiner als oder gleich der Zahl ist,
die als Verhéltnis des vierten Teils der Periode (T)
der Rechteckwelle (z(t)), die fiir das analoge Signal
(x(1)), dessen Wert zeitlich konstant und gleich Null
ist, bestimmt wird, zu der Periode (T;) des Taktsi-
gnals (RG) und der Anzahl (m) der Ticks des Takt-
signals (RG) in der Zeit, die der Summe der Zeitdau-
er, die zur Aufzeichnung der Ergebnisse der jewei-
ligen Abzahlung in dem Zwischenpuffer (TBUF) und
der Zeitdauer, die zur Eintragung des vorgegebenen
Anfangszustands aus dem Setup-Register (SR) in
das Zahlmodul (CTM) notwendig ist, entspricht, de-
finiert wird.

Verfahren gemaR den Anspriichen 1 - 5 dadurch
gekennzeichnet, dass die serielle Ubertragung
Uiber den Ausgabeport (TxD) des Sendepufferspei-
chers (TDR) mit einer Geschwindigkeit ausgefiihrt
wird, die als Verhaltnis der Anzahl von Bits des ge-
gebenen Wortes, welches mit Hilfe des Zahimoduls
(CTM) erlangt und um die Anzahl der Controll Bits
erhdht wird, zu der Hélfte der Periode (T) der Recht-
eckwelle (z(t)), die fir das analoge Signal (x(t)), des-
sen Wert zeitlich konstant und gleich Null ist, be-
stimmt ist, definiert wird.

Vorrichtung zur analog-digital Umsetzung unter Ver-
wendung einer asynchronen Sigma-Delta Modulati-
on und ein Zahlmodul, an das ein Systemtaktzahler
angeschlossenist, dadurch gekennzeichnet, dass
der Ausgang des Zahimoduls (CTM) mit einem Zwi-
schenpuffer (TBUF) verbunden ist, dessen Ausgang
an einen Sendepufferspeicher (TDR) angeschlos-
sen ist, dessen Ausgang den Ausgang der ganzen
Vorrichtung zur analog-digital Umsetzung darstellt,
und der Eingang, der den Anfangszustand des Z&hl-
moduls (CTM) programmiert, mit dem Setup-Regi-
ster (SR) verbunden ist, und der abzahlende Ein-
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gang des Zahimoduls (CTM) hingegen mitdem Aus-
gang des Taktzahlers (RG), und der Ausgang des
bekannten asynchronen Sigma-Delta-Umsetzers
(ASDM) an separate Eingdnge des Steuermoduls
(CM), dessen Ausgange entsprechend mit dem
Zahlmodul (CTM), dem Zwischenpuffer (TBUF) und
dem Sendepufferspeicher (TDR) verbunden sind,
angeschlossen ist.

Vorrichtung gemaR Anspruch 7 dadurch gekenn-
zeichnet, dass das Zahimodul (CTM) einen Zahler
(CT) beinhaltet, dessen Eingang, der den Anfangs-
zustand programmiert, direkt mit dem Setup-Regi-
ster (SR), und der abzéhlende Eingang direkt mit
dem Ausgangdes Taktzahlers (RG) verbunden sind,
und der Ausgang des Zahlers (CT) hingegen direkt
mit dem Zwischenpuffer (TBUF), und der Eingang,
derden Anfangszustand des Zahlers (CT) program-
miert, mitdem Ausgang des Steuermoduls (CM) ver-
bunden sind.

Vorrichtung gemaR Anspruch 7 dadurch gekenn-
zeichnet, dass das Zahimodul (CTM) zwei Zahler
(CT1,CT2)) beinhaltet, deren Eingange, die den An-
fangszustand programmieren, mit dem Setup-Regi-
ster (SR), und die abzahlenden Eingange Uber die
gesteuerten Schalter (S1, S2) mit dem Ausgang des
Taktzahlers (RG) verbunden sind, wobei der Steu-
ereingang des einen Schalters (S1) direkt, und der
Steuereingang des zweiten Schalters (S2) Uber ei-
nen Umrichter (IN) mit dem Ausgang des asynchro-
nen Sigma-Delta-Umsetzers (ASDM), der an den
Eingang des Steuermoduls (CM) angeschlossen ist,
verbunden ist, und der Ausgang des Zahimoduls
(CTM) hingegen, der mit dem Zwischenpuffer
(TBUF) verbunden ist, den Ausgang eines Multiple-
xers (MP) bildet, dessen Eingdnge mit den Ausgéan-
gen der entsprechenden Zahler (CT1, CT2) verbun-
den sind, und dieser Muliplexer (MP) an einen zu-
satzlichen Ausgang des Steuermoduls (CM) ange-
schlossen ist, wahrend an die Steuereingange zur
Programmierung des Anfangszustands der Zahler
(CT1, CT2) entsprechend mit den separaten Aus-
gangen des Steuermoduls (CM) angeschlossen
sind.

Revendications

Procédé pour une conversion d’analogique en nu-
meérique au moyen d’une modulation asynchrone
sigma/delta consistant & moduler le signal analogi-
que au moyen d’un modulateur asynchrone Sigma-
Delta, a compter les périodes de I'horloge de réfé-
rence lors de la durée de chacune des impulsions
du signal d’'impulsion rectangulaire obtenu préala-
blement et a mettre a disposition le mot numérique
obtenu dans lequel le signal d'impulsion rectangu-
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laire (z(t)), obtenu a la suite d’'une modulation a partir
d’'un modulateur asynchrone Sigma-Delta (ASDM)
se soumet a la conversion par le comptage des pé-
riodes de 'horloge de référence (RG) lors de ladurée
des impulsions successives du signal rectangulaire
(z(t)) au moyen d’un module de comptage (CTM),
et, ensuite, chaque mot numérique obtenu, repré-
sentantle nombre compte des périodes (T) de 'hor-
loge de référence (RG) lors de la durée de chague
impulsion donnée du signal rectangulaire (z(t)) est
saisi et stocké, caractérisé en ce que les mots nu-
mériques sont stockés dans le tampon intermédiaire
(TBUF) et, en méme temps, est contrélée, au moyen
du module de contréle (CM), la durée de la trans-
mission série du mot numérique obtenu a la suite du
comptage des périodes (T) de 'horloge de référen-
ce (RG) lors de la durée de I'impulsion préalable du
signal rectangulaire (z(t)), et au moment de la fin de
sa transmission le contenu du tampon intermédiaire
(TBUF) se retranscrit dans le tampon d’émission
(TDR) de I'appareil et, ensuite, le mot numérique
donné, représentant I'impulsion donnée du signal
rectangulaire (z(t)), se soumet au processus de
transmission sériedans l'ordinateur ou le réseau des
télécommunications, et, ensuite, le cycle se répéte
pour l'impulsion suivante du signal rectangulaire (z

(1))

Procédé selon la revendication 1 caractérisé en ce
que le comptage des périodes (T;) de I'horloge de
référence (RG) commence a partir d’'un état initial
donné du module de comptage (CTM), défini par un
nombre dont la valeur est inférieure a zéro.

Procédé selon la revendication 1 caractérisé en ce
que le comptage des periodes (T,) de I'horloge de
référence (RG) commence a partir d’'un état initial
donné du module de comptage (CTM), défini par un
nombre dont la valeur est égale a zéro.

Procédé selon la revendication 2 caractérisé en ce
que le nombre définissant I'état initial donné du mo-
dule de comptage (CTM) est un nombre négatif (M)
dontla valeur absolue est I'entier relatif le plus grand
qui est inférieur ou égal au nombre défini comme
étant le rapport entre un quart de la période (T) du
signal d’'impulsion rectangulaire (z(t)), défini pour le
signal analogique (x(t)) d’une valeur constante dans
le temps et égale & zéro, et la période (Tg) de I'hor-
loge de référence (RG).

Procédé selon la revendication 2 caractérisé en ce
que le nombre définissant I'état initial donné du mo-
dule de comptage (CTM) est un nombre négatif (M’),
dontla valeur absolue est I'entier relatif le plus grand
qui est inférieur ou égal au nombre défini comme
étant la différence entre le rapport entre le quart de
la période (T) du signal d’impulsion rectangulaire (z
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(1)), défini pour le signal analogique (x(t)), d'une va-
leur constante dans le temps et égale a zéro, et la
période (Ty) de I'horloge de référence (RG), et le
nombre (m) de tacts de I'horloge de référence (RG)
pendant la durée qui est la somme de la durée d’en-
registrement des résultats de chaque comptage
dans le tampon intermédiaire (TBUF) et de la durée
d’inscription de I'état initial donné du systéme de ré-
férence (SR) dans le module de comptage (CTM).

Procédé selon 'une des revendications de 1 a 5,
caractérisé en ce que la transmission série est réa-
lisée par le portde sortie (TxD) dutampon d’émission
(TDR) avec la vitesse déterminée comme étant le
rapport entre le nombre de bits du motdonné obtenu
au moyen du module de comptage (CTM), augmen-
tée de bits de commande, jusqu’a la moitié de la
période (T) du signal d’impulsion rectangulaire (z(t)),
défini pour le signal analogique (x(t)) d’'une valeur
constante dans le temps et égale a zéro.

Appareil pour une conversion d’analogique en nu-
mérique au moyen d’'une modulation asynchrone
Sigma/Delta contenant un modulateur asynchrone
Sigma-Delta et un module de comptage, sur lequel
est branché I'horloge de référence, caractérisé en
ce que la sortie du module de comptage (CTM) est
reliée au tampon intermédiaire (TBUF), dont la sortie
estreliée autampon d’émission (TDR), dont la sortie
constitue la sortie de I'appareil entier pour une con-
version d’analogique en numeérique, et 'entrée pro-
grammant I'état initial du module de comptage
(CTM) estrelié au systéme de référence (SR), tandis
que I'entrée de comptage du module de comptage
(CTM) est reliée avec la sortie de I'horloge de réfé-
rence (RG), et la sortie de I'horloge de référence
(RG) et la sortie du modulateur asynchrone Sigma-
Delta (ASDM) connu, sont reliées avec les entrées
séparées du module de contréle (CM), dont les sor-
ties sont reliées respectivement au module de comp-
tage (CTM), au tampon intermédiaire (TBUF) et au
tampon d’émission (TDR).

Appareil selon larevendication 7 caractérisé en ce
que le module de comptage (CTM) contient un
compteur (CT), dont 'entrée qui programme I'état
initial estreliée directement au systéme deréférence
(SR), et I'entrée de comptage est reliée directement
avec la sortie de I'horloge de référence (RG), tandis
que la sortie du compteur (CT) est directementreliée
au tampon intermédiaire (TBUF), et I'entrée de con-
tréle de l'inscription de I'état initial du compteur (CT)
est reliée a la sortie du module de contréle (CM).

L’appareil selon la revendication 7 caractérisé en
ce que module de comptage (CTM) contient deux
compteurs (CT1, CT2), dont les entrées qui pro-
gramment ['état initial sont reliées au systéeme de
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10

référence (SR), et les entrées de comptage sont re-
liées par les clés (S1, S2) a la sortie de 'horloge de
référence (RG), etI'entrée de contréle d’'une clé (S1)
est directement reliée, et 'entrée de contréle d’une
seconde clé (S2) est reliée par un convertisseur (IN)
avec lasortie du modulateur asynchrone Sigma-Del-
ta (ASDM), reliée avec I'entrée du module de con-
tréle (CM), et la sortie du module de comptage
(CTM), reliée au tampon intermédiaire (TBUF),
constitue la sortie du multiplexeur (MP), dont les en-
trées sont reliées aux sorties des compteurs respec-
tifs (CT1, CT2), et le multiplexeur (MP) est relié avec
une sortie supplémentaire du module de contréle
(CM), et avec les entrées de contrdle de l'inscription
de I'état initial des compteurs (CT1, CT2), sont re-
liées respectivement les sorties séparées du module
de contréle (CM).
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