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Description

Fleld of the Invention

The invention is in the field of analog to digital en-
coders and more particularly relates to a telephony
encoder with variable gain.

Background of the Invention

Telephone systems of the digital signal type re-
quire analog to digital and digital to analog converter
circuits, usually referred to as CODECs for interfacing
voice signais and the like between analog signals
compatible with analog transducers and binary sig-
nals compatible with digital telephony switching and
transmisgion function and apparatus. tn order that
the encoding function be performed such that pulse
code modulated (PCM) words are generated which
accurately represent an analog input signal, the ana-
log signal must be centered about an encoder mid-
point. That is, the encoder operating midpoint and the
zero level of the analog signal should correspond. If
not, quantization distortion, harmonic distortion and
noise are included in the PCM words. Itis typical prac-
tice to have predetermined the gain of an encoder
during manufacture, and if desired, later when in use,
alter the gain, in circuit, with the use of a preset gain
pad. Biasing of the midpointmay be conveniently ach-
ieved by AC coupling an appropriate node within the
encoder and charging the node via a switched capac-
itor resistance to null any offsst at the encoder input.
In effect, the sign bit of each PCM word is integrated
onto the AC coupled node such that its long term vol-
tage (d.c. value) is representative of the average of
the sign bit polarities. Stability is achieved when the
sign bit occurrences are evenly negative and positive.

If however the gain of the typical encoder is
changed during its normal operation, a step compo-
nent consequently appears atthe input of the encoder
because the integrated signal at the AC coupled node
no longer cancels the total offset. Hence, the opera-
tional midpoint is shifted to no longer correspond to
the zero level of the analog signal. In a linear encoder
the effact of a gain change will be manifest as an an-
noying click. In a compression encoder, severe har-
monic distortion may also result. Given time, the step
voltage diminishes until the operational midpoint
again corresponds to the zero level of the analag sig-
nal. However, during this time resulting harmonic dis-
tortions deteriorate the quality of compression encod-
ed signal. In an application wherein the gain of the en-
coder is adjusted from time to time, or frequently,
such performance is unacceptable. European patent
application No. 0 005 899 and United States patent
4,590,458 each disclose analog-to-digital encoder
systems which are gain variable over such wide rang-
es that at high gain settings off-get errors can signif-
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icantly depreciate the accuracy of the digital output
signals. Off-set errors are corrected by determining
the error value present in a null or ground signal and
adjusting either the input analog signal or the ampli-
fied analog signal accordingly to cancel the error. Nei-
ther of these documents is concerned with mid-oper-
ating point stabilizing of an amplifier, in response to
sign bits as is typical in many analog-to-digital encod-
ers used in telephcny.

Summary of the Invention

it is an object of the invention to provide a variable
gain encoder whereby analog to digital signal conver-
sions may be modified during the course of a tele-
phone call.

It is also an object of the invention to provide an
encoder, the gain of which may be abruptly varied "on
the fly', that is to say during an active telephone call,
without introducing significant noise and distortion.

In accordance with the invention, a variable gain
analog to digital encoder inciudes, a first fixed gain
encoding path, which provides a first stabilized mid-
operating point analog signal tc a second variable
gain encoding path wherein, an analog amplifier in-
versely amplifies a variably tapped difference signal
developed bstween the first analeg signal and a sig-
nal for encoding at an output of the analog amplifier
in the second path.

An apparatus in accordance with the invention for
variably encoding an analog signal to produce pulse
code modulated (PCM) signal samples therefrom,
comprises a first means for generating encoded sig-
nal samples, and a second means for generating va-
riable gain encoded signal samples. The first means
includes afirst amplifier means, having an analog sig-
nal input port, and being for producing a fist stabilized
mid-operating point analog signal in response to the
analog signal and to first sign bits, said first sign bit
emanating from an analog to digital converter for gen-
erating the first sign bits in response to the first sta-
bilized analog signal. The second means includes a
second amplifier means for producing a second sta-
bilized mid-operating point analog signal in propor-
tional inverse relationship with the first stabilized ana-
log signal and in response to second sign bits. A re-
sistance means is connected to have a difference of
the first and second stabilized analog signals appear
there across, and includes a variable tap means
which is connected to an inverting input of the second
amplifier. The analog to digital converter generates
the PCM signal samples, including the second sign
bits, in response to said second stabilized analog sig-
nal.

An alternate gain method for generating digital
word representations of an analog signal in accor-
dance with the invention includes, providing a first
signal in response to the analog signal and first sign




bits corresponding thereto by stabilized mid-operat-
ing point amplifying the analog signal with a predeter-
mined fixed gain. A second signal is provided in re-
sponse to the first signal and second sign bits corre-
sponding to the second signal by stabilized mid-oper-
ating point amplifying the first signal with a controlla-
bly varied gain, The second signal is digitally convert-
ed to provide plural bit words, each including one of
said second sign bits, whereby said plural bit words
are gain variable with respect to the first signal.

Brlef Description of the Drawings

An example embodiment is discussed with refer-
ence to the accompanying drawing in which:
Figure 1 is a graphical illustration of a recon-
structed signal having been affected by a mo-
mentary gain adjustment in a prior art encoder;
Figure 2 is a schematic block diagram of a prior
art encoder having predetermined fixed gain;
Figurs 3 is a schematic block diagram of a vari-
able encoder circuit in accordance with the inven-
tion;
Figure 4 is a more detailed schematic block dia-
gram of an example of the variable encoder circuit
illustrated in figure 3; and
Figure 5 is an abbreviated schematic diagram of
one example of a gain adjustment element used
an encoder circuit as illustrated in figure 4.

Description of the Example Embodimant

The graphical illustration in figure 1 includes a
voltage axis V at a left side of the figure and a time
axis T extending at right angles to the voltage axis V.
Areconstructed analog representation of an encoded
audio signal as might be obtained from the encoder
in figure 2 is depicted along the time axis T. A first 1
1/2 cycles on the left side of the figure represent an
encoding function of a constant signal wherein the en-
coding function is of a first gain. The remaining cycles
represent an encoding function of the constant signal
after the encoding function was abruptly changed or
adjusted in the encoder circuit to a second gain, great-
er than the first gain. If gain changes are extreme, as
might be the case if handsfree voice switching were
required, the time for the signal to settle as depicted
on the right-hand side of the figure could be as much
as a minute. Such performance would not be practical
in a telephone system.

The typical encoeder, illustrated in figure 2, is
adapted as illustrated in figures 3 and 4, the structure
and functions of which may be more readily under-
stood by first considering the prior art. In figure 2, an
analog audio signal is applied at an audio input 9 and
capacitively coupled via a capacitor 12 to & node 18
of a Butterworth second order filter circuit shown in
detail at 11. A low pass filter 14, often referred to as
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an anti-aliasing filter, passes voice band frequencies
to an input of an analog to digital converter circuit 13.
In a typical telephony application, converter circuits
are operated at a sampling rate of 8 Khz and the filter
cut off characteristic is between 3 Khz and 4 Khz. The
analog to digital converter circuit 13 generates plural
bit words, usually 8 bit PCM words, at an 8 Khz rate
in response to the analog signals from the low pass
filter 14. A sign bit of each word defines the polarity
of each word. The sign bit is also used to adjust the
mid-operating point of the circuit 11 via the node 18,
where, an intsgration of sign bit occurrences is cou-
pled via a sign bit latch 16 and a switched capacitor
functional resistance element at 17.

As thus far described, the prior art encoder circuit
provides a fixed gain encoding function. The gain of
this circuit may be altsred, for example, by introducing
resistance in a series with the inverting input of the
amplifier 10. If the gain is altered during operation, for
example during a telephone conversation, this will
have the effect of disturbing the mid-operating point
similar to that exemplified in figure 1. As before men-
tioned, frequent gain changes of this consequence
would not be tolerable in & typical telephane system.

In figure 3, a fixed gain amplifier 10 is represen-
tative of all but the analog to digital converter 13 in fig-
ure 2. The analog to digital converter 13 in figure 3 is
alternatsly connected to receive first and second ana-
log signals from the fixed gain amplifier 10 and a va-
riable gain amplifier 20, via a switch 45. An output of
the converter circuit 13 is coupled by a switch 46 to
provide digital outputs alternately on leads 15 and 25.

The converter 13 is operated in this example ata
16 Khz sampling rate, in synchronism with the
switches 45 and 46. Signals from the ocutput of the
fixed gain amplifier 10 are inversely amplified in the
variable gain amplifier 20 in accordance with a gain
factor controlled via a control input 44. Both the am-
plifiers 10 and 20 are mid-cperating point stabilized
in response to sign bits coupled via respective paths
15a and 25a. Hence the sign bits on the path 15a are
the inverse of the sign bits on the path 25a. In another
example, not shown, the switches 45 and 46 are not
used and only the output of the variable gain amplifier
is converted to a digital signal, In this example, the
path 15a is connected directly to the path 25a but dif-
fers therefrom in that it includes an invertor in series
therewith for inverting the sign bits on the path 25a
for use in stabilizing the amplifier 10.

In figure 4, the variable encoder circuit illustrated
includes all the elements of the prior art figure 2
(which are correspondingly labeled) in addition to ele-
ments which provide an exampie of the variable gain
amplifier 20 in figure 3. With sxception of the capac-
itor 12 and a capacitor 22, all of the elements in figure
4, are preferably integrated in CMOS transistor tech-
nology within an integrated circuit. In this example,
low pass filters 17 and 27 are implemented by switch-
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od capacitor resistances. An operational amplifier 21
includes a non-inverting input which is used as a sta-
bilizing node for mid-point operating bias potential.
The bias potential is generated by the capacitor 22
and the switchad capacitor resistance 27 in response
to sign bits from a latch 26 which captures and holds
sign bits from the digital output 25, at an 8 KHz sam-
pling rate. A resistance element 40 is connected via a
lead 41 to the output of the low pass filter 14 and via
alead 42 to an output of the amplifier 21. An inverting
input of the amplifier 21 is capacitively connected to
its output via a capacitor (of about 5pf) 23 and is also
connected to the resistance element 40 by a variable
tap 43. The tap s alterable by a control input shown
at 44,

The output mid-point of the amplifier 11 is directly
coupled through the filter 14 such that a potential dif-
ference between the output of the amplifier 11 and
the amplifier 21 appears across the resistance ele-
ment 40. The variable tap 43, when adjusted, travels
through a d.c. potential difference which counter bal-
ances the d.c. output of the amplifier 20 such that it
remains at about the preferred mid-point even during
those periods shorter than the time constant of the in-
tegrating function of the elements 22 and 27.

An example of the resistance element 40 is illu-
strated in more detail in figure 5. This example is par-
ticularly adapted to being integrated in the CMOS
technology. Thirty-two columns labeled C0O-C31 each
include ten field effect transistors being arranged in
a series string and terminating at a rail which corre-
sponds to the variable tap 43. Thirty-two correspond-
ing resistance segments, labelled R1-R32, are con-
nected in series between the leads 41 and 42. The
first column CO is connected to a junction of the lead
41 and the resistance segment R1, and the second
column C1 is connected to a junction between resis-
tance segments R1 and R2 and so on as illustrated.

The control input 43 includes five leads labelled
A-E, each of which Is connected to gate electrodes,
as exemplified at 55, of a pair of the fieid effect tran-
sistor (FET) in each of the columns and which are of
opposite conductivity type. For convenience, thisisil-
lustrated by one of the pair having a gate electrode
with an inversion symbol 55 attached.

For example, in column CO a FET 52 is paired
with a FET 53 which includes the inversion symbol.
Both the FETs 52 and 53 include gate electrodes
which are connected to the lead 43A but the FETs 52
and 53 respond oppositely to a control signal on the
lead so that when one FET is OFF, the other is ON.
For simplicity of illustration, the control leads are
shown as running straight across each respective
row. This is intended to indicate that the gate elec-
trode of each of the FETs is connected to its respec-
tive control lead. It will be noticed that in each column,
half of the FETs are each bridged by a conductive
path, as exemplified at 54. The conductive paths or
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bridges are organized in a prearranged pattern such
that only one of the columns C0-C31 will be switched
ON in the presence of any five bit binary word applied
at control input 44. More particularly in this pattern,
one of each FET pair is bridged while the other is not,
such thatthe bridged FET is of no function. Therefore,
each of the leads A-E is of effect with respect to only
one FET in each row even though it is connected to
its respective pair of FETs in each row. This particular
structure was arrived at as a matter of convenience
in fabricating the example embodiment in the MOS
technology.

In this particular example of the encoder in figure
4, the resistance element is so arranged to provide a
gain alteration of 1.7 decibel steps through a range of
§2.7 decibels.

Clalms

1. An analog to digital (A/D) encoder for providing
digital words being representative of samples of
an Input analog signal, including:

an analog to digital converter circuit (13},
having an input and an output, for generating said
digital words each consisting of plura! bits includ-
ing a sign bit;

a first amplifier means (11) for generating
a first analog signal with fixed gain in response
to the input analeg signal;

a first feedback means (18, 17) being for
mid-operating point stabilizing the operation of
the first amplifier means, in response to the sign
bits;

the analog to digital encoder being charac-
terized by:

a second amplifier means (21) for gener-
ating a second analog signal with variably con-
trollable gain, in response to the first analog sig-
nal;

a second feedback means (26, 27) being
for mid-operating point stabilizing the operation
of the second amplifier means, in response tothe
sign bits corresponding to the variably controlia-
ble gain analcg signal; and

a switch {45, 46) for alternately connecting
the first and second analog signals to the input of
the analog to digital converter circuit and for like-
wise alternately connecting the first and second
feedback means to the output of the digital con-
verter circuit;

whereby first and second digital words
corresponding to fixed and variable gain conver-
sions of the input ansalog signal are alternately
available at the output of the analog to digital con-
verter circuit.

2. An A/D encoder as defined in claim 1 being fur-
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ther characterized in that the second analog sig-
nal is supplied to the converter circult in inverse
relationship to the fixed gain analog signal gen-
erated by the first amplifier means.

An A/D encoder as defined in claim 1 wherein the
second amplifier means Is responsive to an ex-
ternally supplied control signal for defining an
amount of amplification the first analog signal is
subjected to in the generation of the second ana-

log signal.

An A/D encoder as defined in claim 1 being char-
acterized in that the second amplifier means in-
cludes a resistance means (40) with a variable
tap means (43), the resistance means being cou-
pled across the first and second analog signals
and the variable tap means being connected to an
input of the second amplifier means, whereby the
second amplifier means is responsive to an ex-
ternally supplied control signal for defining an
amount of amplification the first analog signal is
subjected to in the generation of the second ana-
log signal.

An A/D encoder as defined in claim 4 being
wherein the externally supplied control signal is
a digital control signal having plural bits, and the
AJ/D encoder is further characterized in that the
resistance means includes a plurality of resis-
tance segments joined in series between an out-
put of the first amplifier means and an output of
the second amplifier means, and the variable tap
means includes a plurality of switch means being
arranged to provide a connection between the in-
put of the second amplifier means and a one of
the resistance segments in response to the digital
control signal.

An A/D encoder as defined in claim 1 being char-
acterized in that the switch means is absent, the
input of the analog to digital converter circuit be-
ing exclusively connected to receive the second
analog signal, the output of the analog to digital
converter circuit being connected in common to
both the first and second feed back means, and
the first feedback means being inversely respon-
sive to the sign bits of the second digital words,
whereby the digital words are solely representa-
tive of variable gain conversions of the input ana-

log signal.

A method for providing digital words being repre-
sentative of samples of an input analog signal, in-
cluding the steps of;
a) generating first digital words each consist-
ing of plural bits including a sign bit in re-
sponse to a first analog signal;
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12,

b) amplifying the input analog signal with a
fixed predetermined gain in response to pre-
vious occurrences of the sign bits, being gen-
erated in step a), to provide said first analog
signal having a mid-operating point stabilized
characteristic;

the method being characterized by the
steps of;
¢) generating second digital words each con-
sisting of plural bits including a sign bit in re-
sponse to a second analog signal;
d) amplifying said first analog signal having
sald mid-operating point stabilized character-
istic with a controllably varied gain in re-
sponse to previous occurrences of the sign
bits being generated in step c), to provide said
second analeg signal having a mid-operating
point stabilized characteristic;

whereby the intensity of an audible sig-
nal represented by the second digital words is
controliably variable.

A method as defined in claim 7, further charac-
terized in step d) in that the second analog signal
is provided in inverse relationship to said first
analog signal.

A method as defined in claim 7, further charac-
terized in step d) by amplifying said first anslog
signal with a gain being varied in accordance with
an externally supplied control signal in the form
of a plural bit binary word.

A method as defined in claim 7, wherein step a)
is not performed, there being only the digital
words of step c) being generated, and wherein
step b) is characterized in that said amplifying is
parformed in inverse response to the previous
occurrences of the sign bits being generated in
step c).

An A/D encoder as defined in claim 1 further
characterized in that the switch means is opera-
tive to couple the first and second analog signals
to the input of the analog to digital converter cir-
cuit at a fixed rate being at least twice that of a
Nyquist frequency; and

wherein the converter circuit is operated at
said fixed rate, whereby encoded samples of the
signals from the first and second means are al-
ternately available at an output of the converter
circuit.

An A/D encoder as defined in claim 6, whersin the
externally supplied control signal is a digital con-
trol signal having plural bits, and the A/D encoder
is further characterized in that the resistance
means includes a pilurality of resistance seg-
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ments joined in series between an output of the
first amplifier means and an output of the second

amplifier means, and the variable tap means in-
cludes a plurality of switch means being arranged
to provide & connection between the input of the
second amplifier means and a one of the resis-
tance segments in response to the digital control
signal.

An A/D encoder as defined in claim 1 whersin the
second amplifier means includes a voltage divid-
or (40) being connected between outputs of the
first and second amplifier means and including at
least two voltage tap positions.

An A/D encoder as defined in claim 1 whersin the
second amplifier means comprises:

a differential amplifier (21) having an out-
put for supplying said variable gain analog signal
and an inverting input; and

a voltage divider (40) being connected be-
twesen an output of the first amplifier means and
the output of the differential amplifier, and includ-
ing a plurality of voltage tapable positions (CO-
C31), any one of which being selectably connect-
ed to the inverting input.

An A/D encoder as defined in claim 14 wherein
the voltage divider comprises a plurality of resis-
tance segments (R1-R32) and a piurality of cor-
responding switch means (52) being connected
between each of the resistance segments and
the inverting input.

An A/D enceder as defined in claim 15 wherein
each of said switch means consists of a column
of field effect transistor devices (53) being con-
nected row on row [n commaon with corresponding
gate control leads (A-D), the field effect transis-
tor devices being arranged in opposite respon-
sive combinations and being selectively bridged,
such that a binary word being applied to said con-
trol leads causes one column tc be of a much
higher conductance than any of the other col-
umns.

An A/D encoder as defined in claim 14 wherein
the voltage divider is responsive in operation to n
bit binary words, and comprises:

n leads for application of the binary words
thereto, each of the n leads being connected to
control 2n switching devices (52), each of the 2n
switching devices being arranged in a corre-
sponding column of at least n switching devices,
sach of said columns being connected between
a common rail (43) and a corresponding voltage
tap of a segmented resistance rail having 2n re-
sistance segments (R1-R32) connected in series
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between the output of the first means and the out-
put of the differential amplifier in the second

means, said common rail being connected to the
inverting input of the differential amplifier.

Patentanspriche

1. Analog-/Digital-(A/D-) Codierer zur Lieferung von

Digitalworten, die Abtastproben eines Analog-
Eingangssignals darstellen, mit

einer Analog-/Digital-Umsetzerschaltung
{13) mit einem Eingang und einem Ausgang zur
Erzeugung der Digitalworte, die jewsils aus meh-
reren Bits unter Einschluft eines Vorzeichenbits
bestehen,

einer ersten Verstérkereinrichtung (11) zur
Erzeugung eines ersten Analogsignals mit siner
festen Verstirkung in Abh&ingigkeit von dem Ana-
log-Eingangssignal,

eine erste Rickflhrungseinrichtung (16,
17), die zur Arbeltsmittelpunkt-Stabllisierung der
Betriebsweise der ersten Verstirkereinrichtung
in Abh#ngigkeit von dan Vorzeichenbits dient,

wobei der Analog-iDigitai-Codierer ge-
kennzsichnet ist durch:

eine zweite Verstéirkereinrichtung (21) zur
Erzeugung eines zweiten Analogsignals mit in
veranderlicher Weise steuerbarer Verstéirkung in
Abhéngigkeit von dem ersten Analogsignal,

eine zweite Rlckfihrungseinrichtung (26,
27), die zur Arbeitsmittelpunkt-Stabilisierung der
Betriebsweise der zweiten Verstirkersinrichtung
in Abhingigkeit von den Vorzeichenbits dient, die
dem eine in verdnderlicher Weise steuerbare
Verstdrkung aufweisenden Analogsignal ent-
sprechen, und

einen Schalter (45, 46) zum abwechseln-
den Verbinden der srsten und zweiten Analogsi-
gnale mit dem Eingang der Analog-/Digital-Um-
setzerschaltung und in gleicher Weise zum ab-
wechselnden Verbinden der ersten und zweiten
Rickfohrungseinrichtungen mit den Ausgang der
Digitalumsetzerschaltung,

wodurch erste und zweite Digitalworte, die
den eine feste und eine verénderliche Verstir-
kung aufweisenden Umsetzungen des Analog-
Eingangssignals entsprechen, abwechselnd am
Ausgang der Analog-/Digital-Umsetzerschaltung
verfiigbar sind.

AJD-Codierer nach Anspruch 1, der weiterhin da-
durch gekennzeichnet ist, dafl das zweite Analog-
signal der Umsetzerschaltung in invertierter Be-
ziehung zu dem eine feste Verstarkung aufwei-
senden Analogsignal zugefihrt wird, das durch
die erste Verstéirkereinrichtung erzeugt wird.
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A/D-Codlerer nach Anspruch 1, bei dem die zwei-
te Verstéirkersinrichtung auf ein von auBen zuge-
fiihrtes Steuersignal anspricht, um ein AusmaR
der Verstéirkung festzulegen, dem das erste Ana-
logsignal bei der Erzeugung des zwsiten Analog-
signals unterworfen wird.

A/D-Codierer nach Anspruch 1, dadurch gekenn-
zeichnet, dak die zweite Verstérkereinrichtung
eine Widerstandseinrichtung (40) mit einer ver-
anderbaren Anzapfungseinrichtung (43) ein-
schlieft, dal die Widerstandseinrichtung langs
der ersten und zweiten Analogsignale angeschal-
tet ist, wihrend die verfinderbare Anzapfungsein-
richtung mit sinem Eingang der zweiten Verstér-
kereinrichtung verbunden ist, wodurch die zweite
Verstiéirkersinrichtung auf ein von aufien zuge-
flhrtes Steuersignal anspricht, um das Ausmal
der Verstérkung festzulegen, dem das erste Ana-
logsignal bei der Erzeugung des zweiten Analog-
signals unterworfen ist.

A/D-Codierer nach Anspruch 4, bei dem das von
auBen zugefilhrte Stsuersignal ein digitales
Steuersignal mit mehreren Bits ist und bei dem
der A/D-Codierer weiterhin dadurch gekenn-
zeichnet ist, daR die Widerstandseinrichtung eine
Vielzahl von Widerstandssegmenten einschliefit,
die in Serie miteinander verbunden und zwischen
einem Ausgang der ersten Verstarkereinrichtung
und einem Ausgang der zweiten Verstérkerein-
richtung eingeschaltet sind, und daR die veran-
derbare Anzapfungseinrichtung eine Vieizahl
von Schalterelementen einschlieit, die jewails so
angeordnet sind, daB sle eine Verbindung zwi-
schen dem Eingang der zweiten Verstdrkerein-
richtung und einem der Widerstandssegmente in
Abhéngigkeit von dem digitalen Steuersignal her-
stallen.

AJ/D-Codierer nach Anspruch 1, dadurch gekenn-
zeichnet, daf die Schaltereinrichtungen fehlen,
daB der Eingang der Analog-/ Digital-Umsetzer-
schaltung ausschiieRlich zum Empfang des zwei-
ten Analogsignals angeschaltet ist, daB der Aus-
gang der Analog-/ Digital-Umsetzerschaltung
gemeinsam sowohl| mit der ersten als auch der
zweiten Ruckflihrungseinrichtung verbunden ist,
und daR die erste Rickfihrungseinrichtung inin-
vertierter Weise auf die Vorzeichenbits der zwei-
ten Digitalworte anspricht, wodurch die Digital-
worte ausschlieBlich dis mit verinderbarer Ver-
starkung erfolgenden Umsetzungen des Analog-
Eingangssignals darstellen.

Verfahren zur Lieferung von Digitalworten, die
Abtastproben eines Analog-Eingangssignals dar-
stellen, mit den folgenden Schritten:
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a) Erzeugen erster Digitalworte, die jeweils
aus mehreren Bits unter Einschluf eines
Vorzeichenbits bestehen, in Abh&ingigkeit von
einem ersten Analogsignal,
b) Verstdrken des Analog-Eingangssignals
mit einer festen vorgegebenen Verstérkung in
Abh#ngigkeit von vorhergehenden Haufigkei-
ten der Vorzeichenbits, die im Schritt a) er-
zeugt wurden, um das erste Analogsignal mit
einer stabilisierten Arbeitsmittelpunkt-Cha-
rakteristik zu liefern,

wobei das Verfahren durch die folgen-
den Schritte gekennzeichnet ist:
¢) Erzeugen zweiter Digitalworte, die jeweils
aus mehreren Bits unter EinschluR eines
Vorzeichenbits bestehen, in Abhangigkeit von
einem zweiten Analogsignal,
d) Verstérken des ersten Analogsignals mit der
stabilisierten Arbeitsmittelpunkt-Charakteristik
mit einer in steuerbarer Waise geéinderten Ver-
starkung in Abgéngigkeit von vorhergehenden
Haufigkeiten der Vorzeichenbits, die im Schritt
¢) erzeugt wurden, um das zweite Analogsi-
gnal mit einer stabilisierten Arbeitsmittel-
punkt-Charakteristik zu liefern,

wodurch die Stirke eines durch die
zweiten Digitalworte dargestellten Tonfre-
quenzsignals in steuerbarer Weise verénder-
lich ist.

Verfahren nach Anspruch 7, weiterhin dadurch
gekennzeichnet, dal im Schritt d) das zweite
Analogsignal in invertierter Beziehung zu dem er-
sten Analogsignal geliefert wird.

Verfahren nach Anspruch 7, dadurch gekenn-
zeichnet, dal im Schritt d) das erste Analogsignal
mit einer Verstérkung verstarkt wird, die entspre-
chend einem von auBen zugefiihrten Steuersi-
gnal in der Form eines Mehrbit-Bin&rwortes ge-
andert wird.

Verfahren nach Anspruch 7, bei dem der Schritt
a) nicht ausgefiihrt ist, so daB lediglich die Digi-
talworte des Schrittes c) erzeugt werden, und bei
dem der Schritt b) dadurch gekennzeichnet ist,
daf die Verstérkung mit invertiertem Ansprech-
verhalten auf die vorhergehenden Haufigkeiten
der Vorzeichenbits ausgefiihrt wird, die im Schritt
¢) erzeugt werden.

A/D-Codierer nach Anspruch 1, der weiterhin da-
durch gekennzeichnet ist, dal die Schalterein-
richtung so betreibbar ist, daR sie die ersten und
zweiten Analogsignale dem Eingang der Analog-
[Digital-Umsstzsrschaltung mit einer festen Rate
zufihrt, die zumindestens gleich dem doppeiten
einer Nyquist-Frequenz ist, und
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daB die Umsetzerschaltung mit der festen
Rate betrieben wird, so daf die codierten Abtast-
proben der Signale von den ersten und zweiten
Einrichtungen abwechselnd am Ausgang der
Umsetzerschaltung verfiigbar sind.

A/D-Codierer nach Anspruch 8, bei dem das von
auBen zugefiihrte Steuersignal ein digitales
Steuersignal mit mehreren Bits ist, und bei dem
der A/D-Codierer weiterhin dadurch gekenn-
zeichnet ist, da die Widerstandseinrichtung eine
Vielzahl von Widerstandssegmenten einschlieft,
die in Serie miteinander verbunden und zwischen
dem Ausgang der ersten verstarkereinrichtung
und einem Ausgang der zweiten Verstarkersin-
richtung angeschaltet sind, und daR die veran-
derliche Anzapfungseinrichtung eine Vielzahl
von Schaltereinrichtungen einschlielt, die so an-
geordnet sind, daB sich eine Verbindung zwi-
schen dem Eingang der zweiten Verstérkerein-
richtung und einem der Widerstandssegments in
Abhéngigkeit von dem digitalen Steuersignal er-
gibt.

A/D-Codierer nach Anspruch 1, bei dem die zwel-
te Verstéirkereinrichtung einen Spannungsteiler
(40) einschlieBt, der zwischen Ausgéngen der er-
sten und zweiten Verstirkereinrichtung einge-
schaltet ist und zumindestens zwei Spannungs-
anzapfpositionen einschlielt.

AJ/D-Codierer nach Anspruch 1, bei dem die zwei-
te Verstarkersinrichtung folgende Teile umfaftt:

einen Differenzverstérker (21) mit einem
Ausgang zur Lieferung des eine verfinderliche
Verstirkung aufweisenden Analogsignals und
mit einem invertierenden Eingang, und

einem Spannungsteiler (40), der zwischen
einem Ausgang der ersten Verstérkereinrichtung
und dem Ausgang des Differnzverstéirkers ange-
schaltet ist und eine Vielzahl von Spannungsan-
zapfungspositicnen (C0 - C31) einschlieit, von
denen irgendeine selektiv mit dem invertierenden
Eingang verbindbar ist.

A/D-Cedierer nach Anspruch 14, bei dem der
Spannungsteiler eine Vielzahl von Widerstands-
segmenten (R1 - R32) und eine Vielzahl von ent-
sprechenden Schalterelementen {52) umfalt, die
jeweils zwischen jedem der Widerstandsseg-
ments und dem invertierenden Eingang einge-
schaltet sind.

A/D-Codierer nach Anspruch 15, bei dem jedes
Schalterslsment aus einer Spalte von Feldeffekt-
transistorbauteilen (53) besteht, die Reihe an
Reihe gemeinsam mit entsprechenden Gate-
Steuerleitungen (A - D) verbunden sind, wobei
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die Feldeffekttransistorbauteile in in entgegen-
gesetzter Weise ansprechenden Kombinationen
angsordnet und selektiv Gberbriickt sind, derart,
dat ein an die Steuerleitungen angelegtes Bindr-
wort bewirkt, daf eine Spalte eine wesentlich hé-
here Leltf&higkeit aufwaeist, als irgendeine deran-
deren Spalten,

A/D-Codierer nach Anspruch 14, bei dem der
Spannungsteiler im Betrieb auf n-Bit-Binérworte
anspricht und folgende Teile umfalt:

n Leitungen zum Anlegen der Binérworte
an diese, wobei jede der n Leitungen zur Steue-
rung von 2n Schalterelementen (52) angeschal-
tet ist, wobei jedes der 2n Schalterelementa in ei-
ner entsprechenden Spalte von zumindestens n
Schalterslementen angeordnet ist und jede der
Spalten zwischen einer gemeinsamen Sammsi-
schiene {43) unter einer entsprechenden Span-
nungsanzapfung einer in Segmente unterteilten
Widerstandsschiene verbunden ist, die 2n Wider-
standssegmente (R1 - R32) in einer Serienschal-
tung zwischen dem Ausgang der ersten Einrich-
tung und dem Ausgang des Differenzverstérkers
in der zweiten Einrichtung aufwaist, wobei die ge-
meinsame Sammelschiene mit dem invertieren-
den Eingang des Differenzverstéirkers verbun-
den ist.

Revendications

1.

Codeur analogique-numérique (A/N) desting &
transmettre des mots numériques qui sontrepré-
sentatifs d'échantillons d'un signal analogique
d'entrée, comprenant .

un circuit convertisseur analogique-numé-
rique (13) ayant une entrée et une sortie et des-
tiné & créer les mots numériques formés chacun
de plusieurs bits comprenant un bit de signe,

un premier dispositif amplificateur (11)
destiné & créer un premier signal analogique de
gain fixe 4 la suite du signal analogique d’entrée,
et

un premier dispositif de réaction (18, 17)
destiné a stabiliser au point médian de fonction-
nement le fonctionnement du premier dispositif
amplificateur en fonction des bits de signe,

le codeur analogique-numérique étant ca-
ractérisé par:

un second dispositif amplificateur (21)
destiné & créer un second signal analogique &
gain réglable de maniére variable en fonction du
premier signal analogique,

un second dispositif & réaction négative
(26, 27) destind & stabiliser au point médian de
fonctionnement le fonctionnement du second dis-
positif amplificateur en fonction des bits de signe
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correspondant au signalt analogique & gain régla-
ble de maniére variable, et

un commutateur (45, 46) destiné a
connecter en alternance le premier et le second
signal analogique & l'entrée du circuit convertis-
seur analogique-numérique et & connecter en al-
ternance de maniére analogue le premier etle se-
cond dispositif & réaction négative & la sortie du
circuit convertisseur numérique,

si bien que les premiers et seconds mots
numériques correspondant aux conversions &
gain fixe et & gain variable du signal analogique
d’entrée sont disponibles en alternance a la sor-
tie du circuit convertisseur analogique-numéri-
que.

Codeur A/N sslon la revendication 1, caractérisé
en outre en ce que le second signal analogique
est transmis au circuit convertisseur avec unere-
lation inverse par rapport au signal analogique de
gain fixe créé par le premier dispositif amplifica-
teur.

Codeur A/N selon la revendication 1, dans lequel
le second dispositif amplificateur est commandé
par un signal de commande transmis depuis |"ex-
térieur et destiné & donner une amplitude d'am-
plification & laquelle est soumis le premier signal
analogique lors de la création du second signal
analogique.

Codeur A/N selon la revendication 1, caractérisé
en ce que le second dispositif amplificateur
comporte un dispositif & résistance (40) ayant un
dispositif & prise variable (43), le dispositif & ré-
sistance étant couplé entre le premier et le se-
cond signal analogique et le dispositif &4 prise va-
riable &tant connecté 4 une entrée du second dis-
positif amplificateur, si bien que le second dispo-
sitif amplificateur ast commandé par un signal de
commande transmis depuis 'extérieur afin qu'il
détermine une amplitude d'amplification a la-
quelle le premier signal analogique est soumis
lors de 1a création du second signal analogique.

Codeur A/N selon la revendication 4, dans leque!
le signal de commande transmis depuis 'exté-
rieur est un signal numérique de commande
ayant plusieurs bits, etle codeur A/N est en outre
caractérisé en ce que le dispositif & résistance
comprend plusieurs segments de résistance rac-
cordés en série entre une sortie du premier dis-
positif amplificateur et une sortie du second dis-
positif amplificateur, et le dispoesitif & prise varia-
ble comporte plusieurs dispositifs de commuta-
tion destinés & assurer la connexion entre I'en-
trée du second dispositif amplificateur et 'un des
segments de résistance en fonction du signal nu-
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mérique de commande.

Codeur A/N selon la revendication 1, caractérisé
en ce que le dispositif de commutation est ab-
sent, I'entrée du circuit convertisseur analogi-
que-numérique étant connectée exclusivement
pour la réception du second signal analogique, le
signal de sortie du circuit convertisseur analogi-
que-numérique étant connectéd en commun & la
fois au premier et au second dispositif & réaction
négative, et le premier dispositif 4 réaction néga-
tive est sensible de maniére inverse aux bits de
signe des seconds mots numériques, si bien que
les mots sont représentatifs uniguement des
conversions & gain variable du signal analogique
d'entrée.

Procédé de transmission de mots numériques re-

présentatifs d'échantillons d'un signal analogi-

que d’entrée, comprenant les étapes suivantes :
a) la création de premiers mots numériques
constitués chacun de plusieurs bits compre-
nant un bit de signe en fonction d’'un premier
signal analogique, et
b} I'amplification du signal analogique d'en-
trée avec un gain fixe prédéterminé en fonc-
tion des apparitions précédentes des bits de
signe créés dans I'étape (a) pour la création
du premier signal analogique ayant une ca-
ractéristique stabilisée a un point médian de
fonctionnement,

le procédé étant caractérisé par les
étapes suivantes :
c) la création de seconds mots numériques
constitués chacun de plusieurs bits compre-
nant un bit de signe en fonction d’'un second
signal analogique, et
d) I'amplification du premier signal analogi-
que ayant la caractéristique stabilisée au
point médian de fonctionnement avec un gain
variant de fagon réglable en fonction des ap-
paritions antérieures des bits de signe créés
dans I'étape (c) afin qu’un second signal ana-
logique ayant une caractéristique stabilisée a
un point médian de fonctionnement soit créé,
si bien que lintensité du signal audible

représenté par les seccnds mots numériques
peut atre réglée de maniére variable.

Procédsé selon la revendication 7, caractérisé en
outre en ce qus, dans I'étape d), le second signal
analogique présente une relation inverse avec le
premier signal analogique.

Procédé selon la revendication 7, caractérisé en
outre en ce qu'il comprend, dans I'étape d), 'am-
plification du premier signal analegique avec un
gain qui varie en fonction d'un signal de comman-
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de transmis depuis l'extérieur sous forme d'un
mot binaire & plusieurs bits.

Procédé selon la revendication 7, dans lequel
I'étape a) n'est pas exécutée, ot seuls les mots
numériques de I'étape c) sont crésés, et dans le-
quel I'étape b) est caractérisée en ce que I"ampli-
fication est réalisée en raison inverse des appa-
ritions antérieures des bits de signe créés dans
I'étape c).

Codeur A/N selon la revendication 1, caractérisé
en outre en ce que le dispositif de commutation
est destiné & coupler le premier et le second si-
gnal analogique & l'entrée du circuit convertis-
seur analogique-numérique 4 une fréguence fixe
qui est au moins le double de la fréquence de Ny-
quist, et

dans lequel le circuit convertisseur fonc-
tionne & la fréquence fixe, si bien que les échan-
tillons codés des signaux provenant du premier et
du second dispositif sont disponibles en alter-
nance & une sortie du circuit convertisseur.

Codeur A/N selon la revendication 6, dans lequel
le signal de commande transmis de I'extérieur est
un signal numérique de commande ayant plu-
siours bits, et le codeur A/N est en outre caracté-
risé en ce que le dispositif de résistance
comprend plusieurs segments de résistance
montés en série entre une sortie du premier dis-
positif amplificateur et une sortie du second dis-
positif amplificateur, et le dispositif & prise varia-
ble comprend plusieurs dispositifs de commuta-
tion destinés & assurer la connexion entre l'en-
trée du second dispositif amplificateur et'un des
segments de résistance sous la commande du si-
gnal numérigue de commande.

Codeur A/N selon la revendication 1, dans lequel
le second dispositif amplificateur comprend un
diviseur de tension (40) connecté entre les sor-
ties du premier et du second dispositif amplifica-
teur et comprenant au moins deux positions de
prise de tension.

Codeur A/N selon la revendication 1, dans lequel
le second dispositif amplificateur comprend :

un amplificateur différentiel (21) ayant
une sortie destinée a transmettre le signal ana-
logique 4 gain variable et une antrée d'inversion,
et

un diviseur (40) de tension connecté entre
une sortie du premier dispositif amplificateur etla
sortie de Pamplificateur différentiel et compre-
nant plusieurs positions (CC-C31) de prise de
tension dont I'une quelconque peut 8tre connec-
tée sélectivement & "entrée d'inversion.
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Codeur A/N selon la revendication 14, dans le-
quel le divissur de tension comprend pilusieurs
segments de résistance (R1-R32) et plusieurs
dispositifs correspondants de commutation (52)
connactés entre chacun des segments de résis-
tance et I'entrée d'inversion.

Codeur A/N selon la revendication 15, dans le-
quel chaque dispositif de commutation comprend
une colonne de dispositifs (53) & transistors a ef-
fot de champ connectés ligne par ligne en
commun avec des fils correspondants (A/N) de
commande de grille, les dispositifs & transistors
& effet de champ étant disposés en combinaison,
étant commandés en sens opposé et étant mis
sélectivement sous forme de ponts afin qu'un
mot binaire appliqué aux fils de commande pro-
voque la mise d'une colonne & une conductance
bien supérisure & celle de toutes les autres colon-
nes.

Codeur A/N selon la revendication 14, dans le-
quel le diviseur de tension est commandé pen-
dant le fonctionnement par des mots binaires a n
bits, et il comprend :

n fils destinés & I'application des mots bi-
naires, chacun des n fils étant connecté a 2n dis-
positifs de commutation {52), chacun des 2n dis-
positifs de commutation étant placé dans une co-
lonne correspendante d'au moins n dispositifs de
commutation, chacune des colonnes étant
connectée entre un collecteur commun {43) et
une prisa correspondante de tension d'un collec-
teur segmenté de résistance ayant 2n segments
de résistance (R1-R32) connectés en aérie entre
la sortie du premier dispositif et la sortie de I'am-
plificateur différentiel du second dispaositif, le col-
lecteur commun étant connecté 4 l'entrée d'inver-
sion de I'amplificateur différentiel.
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