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ation. A problem arises due to the temperature de- Background of the
Invention                         pendency of the multiplier circuits,
i.e., the gain of the transmit and receive attenuators varies as a The
present invention relates to electronic at-   5   function of temperature.
This is undesirable as the tenuators and, more particularly, to a circuit
and  gains of each attenuator should remain constant in method for
producing a control signal proportional  order to provide high quality
speakerphone opera- to absolute temperature for controlling the attenu-
tion. ation of such circuits.                                 At least one
manufacturer, in an attempt to The automatic control of attenuator circuits
is  10  provide temperature compensation, uses an exter- frequently
required in the design of telephones and  nal thermistor to produce a
current internally to the other audio products. For example, contemporary
integrated speakerphone circuit which has a pre- speakerphones are
typically operated in a half-     determined temperature coefficient. This
internally duplex mode of operation wherein transmission and   generated
current produces a control voltage that reception of speech audio signals
is not permitted   15  drives the two attenuators. In this manner the con-
simultaneously. Hence, at any particular time, the  trol voltage has a
temperature characteristic which speakerphone is either in a transmit mode,
idle     approximates the gain verses temperature char- mode or receive
mode as is well understood. In      acteristics of the two attenuators.
However, a prob- order to provide the required half-duplex operation  lem
exists with this temperature compensation the speakerphone includes a pair
of attenuators, a   20  scheme in that the control voltage does not pre-
transmit attenuator circuit placed in the transmit  cisely track the
variations and the gain of the signal path of the speakerphone and a
receive       attentuators over temperature because the tem- attenuator
circuit in the receive signal path thereof.  perature characteristic of the
external thermistor The transmit and receive attenuators are controlled
does not track that of the integrated circuit at- by a single circuit and
are complimentary in func-  25  tenuator circuits. This can produce an
undesirable tion  i.e.. in response to a control signal supplied  offset
between the relative gains of each of the two from the control circuit, one
is operated at maxi-  attenuators whereby the log gains thereof do not mum
gain while the other is operated at maximum     remain constant.
attenuation and vice versa. The two attenuators are     DE-A-3148202
discloses a control circuit in never both on or both off. Thus, for
instance, if the   30   which two current sources are utlilised separately
user is speaking, the speakerphone is placed in the  to vary the gains of
respective amplifiers. WO-A- transmit mode wherein the transmit attenuator
is     403407 discloses a voice switch control for switch- operated at
maximum gain while the receive at-      ing a current steering circuit and
FR-A-2500698 tenuator is operated at maximum  attenuation to      discloses
a differential amplifier in a hands free inhibit a receive signal from
adversely affecting the   35  telephone circuit. transmission of the speech
signal from the user. Similarly, in response to a controlling received
Summary of the Invention audio signal the receive attenuator is
automatically switched to maximum gain while the transmit at-         The
present invention seeks to provide an at- tenuator is operated at maximum
attenuation. In the   40  tenuator control circuit suitable to be used in a
idle mode, whenever audio signals are neither be-   speakerphone or the
like having a pair of com- ing transmitted or received, the gains of both
the  plimentary operated attenuators for producing a transmit and receive
channels are reduced to some   control voltage to vary the gains of the
attenuators mid value thereof.                                  in which
the above described problem is mitigated. In at least one prior art
speakerphone the   45     In accordance with the invention there is pro-
transmit and receive attenuators, as well as  the    vided a control
circuit for a half-duplex operated attenuator control circuit, are
manufactured in in-  communication system  including a pair of atten-
tegrated circuit form. The transmit and receive at-  tuators the
gain/attenuation of which are varied in a tenuators in this prior art
speakerphone are actually  complementary manner and which are a function of
a pair of gain controlled two or four quadrant multi-  so  temperature; the
control circuit providing a voltage plier circuits which are well known to
those skilled  control signal that is supplied to the pair of at- in the
art. The two attenuators have a commonly     tenuators characterised by the
voltage control sig- connected gain control input to which the gain
nal having a temperature coefficient proportional to control signal is
applied. The gain control inputs of  absolute temperature, the control
circuit including: the two multiplier circuits are such that, in the  55
a single current source which supplies a cur- absence of a gain control
signal, the transmit at-  rent (I) having a predetermined temperature
coeffi- tenuator is operated at maximum gain while the      cient; receive
attenuator is operated at maximum attenu-       a first steering circuit
coupled to said current 2    
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responsive to a direct current    detector 26 and the input of transmit
attenuator 14, (dc) control signal (VLC) for proportionally steering  the
output of the latter being connected to output said current to an output of
the control circuit to  terminal 18. Likewise, the receive signal path in-
generate the voltage control signal when said first  cludes receive
attenuator 16 coupled between ter- steering circuit is rendered operative
responsive to   5   minal 20 and audio amplifier 28. A speaker (not the
system being in a first mode of operation;     shown) is externally
connected at terminal 30 to the a second current steering circuit being
ren-    output of audio amplifier 28. A source of operating dered operative
responsive to the system being in  potential V + is provided to the speaker
phone at a second mode of operation and which is coupled    terminal 32 and
is utilized to derive the power to said current source to proportionally
steering   10  supply voltage Vcc for biasing the internal circuitry
current to said output to generate the voltage con-  of the speakerphone.
As will be described in more trol signal in response to a control signal
(XD)   detail later, the speakerphone is voice switched to supplied to said
second steering circuit;          be operated in either a transmit mode or
receive a switch coupled between said first and second.  mode. Depending on
the particular mode of opera- steering circuit and to said current source
which is  15  tion, attenuator control circuit 12 provides a voltage
reponsive to an applied control signal (T-R) for   via lead 34 that
commonly drives transmit and rendering said second steering circuit
operative   receive attenuators 14 and 16 accordingly. As pre- while
rendering said first steering circuit inoperative  viously mentioned,
transmitter and receive attenua- so that the voltage control signal is
developed by  tors 14 and 16 are complimentary in function, i.e.,
independent operation of said first and second   20   when one is operated
at maximum gain the other is steering circuits; and
operated at maximum attenuation and vice versa. a load coupled to the
output of the control        The operation of attenuator control circuit 12
is circuit across which voltage control signal is devel-  controlled by the
three control signals supplied oped.
thereto. These signals are, (I) a background level 25  signal XDC supplied
via lead 36, (2) a volume level Brief Description of the Drawings
control signal VLC supplied via lead 37, and (3) a control signal applied
over lead 38 from T-R com- FIG. 1 is a partial block and schematic diagram
parator 40. Volume control is provided by varying illustrating a
speakerphone Including an attenua-  the potentiometer wiper arm of external
potentiom- tor control circuit of the present invention;  30  eter 42 and
is connected at terminal 44 to the FIG. 2 is a partial schematic and block
diagram  speakerphone. Thus, by increasing VLC by moving illustrating the
attenuator control circuit of the  the wiper arm towards [err] a modulated
control present Invention; and                           voltage V is
produced at the output of attenuator FIG. 3 Is a detailed schematic diagram
illustrat-  control circuit 12 via lead 34 to increase the gain of ing the
attenuator control circuit of FIG. 2.  35  receive attenuator 16 while
reducing the relative gain of transmit attenuator 14. The maximum Detailed
Description of the Preferred Embodiment   gain/attenuation values of
transmit and receive at- tenuators 14 and 16 are determined respectively by
Turning to FIG. 1 there is shown a simplified   adjusting variable
resistors 46 and 48 which are block diagram of an integrated speakerphone
cir-  40  coupled to the attenuators at terminals 50 and 52. cult within
dashed outline 10 which incorporates       In addition to operating in a
transmit and re- attenuator control circuit 12 of the present inven-  ceive
mode, the speakerphone is operated in an tion. As understood, the
speakerphone provides     idle mode. In the idle mode, no controlling
speech hand free communication in a half-duplex mode      signals are
coupled to inputs 54 and 56. In this operation. Half-duplex operation is
provided by   45  condition the outputs of transmit and receive level
controlling the gain-attenuation of attenuators 14  detectors 58 and 60,
which are coupled respect- and 16 which are respectively situated in
transmit  fully to terminals 54 and 56, cause the output of and receive
signal paths of the speakerphone. The  comparator 40 to be in a high level
state. Simulta- speakerphone, in a typical application, Is coupled
neously, the voltage at terminal 62 (established to telephone lines at
terminals 18 and 20 to provide   50  across capacitor 64 and resistor 66)
is sufficiently voice transmission and reception thereover. At-    low
which in conjunction with the output of detector tenuator control circuit
12 controls the gain of the  26 also being in a low level state causes the
output two attenuators and is voice activated to place the  of attenuator
control circuit 12 to be at a value that speakerphone in either a transmit
or receive mode  reduces the gain of the two attenuators to some
accordingly. The transmit signal path comprises a   55   midrange value
thereof. microphone (not shown) coupled externally at input     The
speakerphone is placed in a transmit 22 to audio amplifier 24. The output
of audio am-  mode when there is sufficient transmit signal, such plifier
24 is connected both to a background level  as speech signal, present over
and above any 3    
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signal. In this event the relative outputs of  Thus, the voltage at node 78
that appears over transmit and receive level detectors 58 and 60       lead
34 to drive transmit and receive attenuators 14 cause T-R comparator 40 to
go to a high output       and 16 has the same voltage-temperature char-
level state. Simultaneously, background level de-   acteristics as the
attenuators. By varying the volt- tector 26 determines whether the transmit
signal is   5   age VLC at input terminal 44 a proportional amount a result
of background noise or speech. If the       of current I is steered through
resistor 76, I.e., the signal is due to background noise, the attenuators
greater the value of VLC the greater amount of the are placed in the idle
mode as described above.      current I that flows through resistor 76.
However, if the signal consists of speech, transmit     In response to the
speakerphone being in a and receive attenuators 14 and 16 will be switched
10  transmit mode, switch 72 renders receive volume to a transmit mode by
background level detector      control circuit 74 nonoperative while
transmit gain 26 producing the appropriate control signal at the   control
circuit 80 is rendered operative to permit output of attenuator control
circuit 12 to maximize  the current I to flow through the latter, In the
the gain of transmit attenuator 14 while minimizing  transmit mode the
signal appearing on lead 36 Is the gain of receive attenuator 16.
75  high such that none of the current I is steered to In a like manner,
the speakerphone is placed in  node 78, to flow through resistor 76. Hence,
there the receive mode by the output of attenuator con-   is no voltage
developed across resistor 76 and the trol circuit 12 being switched
accordingly when the  voltage V developed is equal to zero. This results
output of T-R comparator 40 goes low. This occurs   in the transmit and
receive attenuators 14 and 16 whenever there is sufficient receive signal
supplied   20  being operated at maximum gain and maximum at terminal 20 to
overcome any background noise      attenuation respectfully as the voltage
appearing at and any speech signals appearing at output 18. In   lead 34 is
the quiescent operating voltage Vcc. this situation the outputs of transmit
and receive      In the idle mode, the current I flows through level
detectors 58 and 60 are such to cause the      transmit gain control
circuit 80 as during the trans- output of T-R comparator 40 to go to its
low level  25   mit mode. However, in this event a current is state. Hence,
the gain of the receive attenuator 16  steered to node 78 to produce a
voltage drop is maximized simultaneously with the gain of trans-  across
resistor 76 that is proportional to the value mitted attenuator 14 being
minimized by the output   of the voltage appearing at node 62 produced of
attenuator control circuit 12.                    across resistor 66 and
capacitor 64. The voltage' As it is generally understood, transmit and re-
30  drop across resistor 76 in the idle mode is also ceive attenuators 14
and 16 may be realized by       proportional to absolute temperature such
that the conventional 2 or 4 quadrant multiplier circuits     gains of the
respective transmit and receive at- which are known to those skilled in the
art. The     tenuators is not temperature dependent. gains of the
attenuators are varied by  varying the     Referring now to FIG. 3,
attenuator control cir- DC voltage drive supplied thereto accordingly. it
is  35  cuit 12 is shown in full detail. Thermal current important, that
the relative gains of attenuators 14  source 70 Includes PNP transistor 82
intercon- and 16 do not change over temperature. For the       nected with
NPN transistors 84, 86, 88 and 90 to gain/attenuation of the multiplier
circuits to have a  provide the thermal current I at node 92. Current zero
temperature coefficient, the voltage which      source 70 is conventional
in structure and the op- drives these multipliers must have a voltage tem-
40  eration thereof is understood by those skilled in the perature
characteristics that varies in the same     art. Briefly, however, the
emitter of transistor 82 is manner as that of the multipliers themselves.
At-   coupled via resistor 94 and 96 to [err] a source of tenuator control
circuit 12 of the present invention  substantially constant potential
having a zero tem- provides such a voltage as will be hereinafter ex-
perature coefficient. Transistor 82 is biased on by plained.
45  its base being biased at a potential less than Vcc Turning now to FIG.
2 there is illustrated  a    whereby equal currents flow from the two
collectors simplified schematic and block diagram of attenua-  thereof to
the respective collectors of NPN transis- tor control circuit 12 of the
present invention. Ther-  tors 84 and 86. Transistor 84 is connected as a
mal current reference 70 produces a current I hav-   diode and forms with
transistor 86 a conventional ing a predetermined temperature coefficient.
The   50  current mirror circuit whereby the current flowing current I
flows through either receive volume con-  through transistor 86 is
substantially equal to the trol circuit 74 or transmit gain control circuit
80  current flowing through the diode connected tran- depending upon the
state of electronic switch 72.   sistor  84. The emitters of transistors 84
and 86 are For example, in response to the output of T-R        coupled
respectively through resistors 98 and 100 comparator 40 being low, the
current I flows   55  to ground reference. By area ratioing the effective
through receive voltage control circuit 74 to de-    emitter areas of
transistors 84 and 86 the current velop the corresponding voltage V across
resistor   densities of the two are substantially different. For 76 which
is proportional to absolute temperature.    example, by making the
effective area of transistor 4    
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than the effective emitter area of transis-  of the tail current supplied
from transistor 106 is tor 86 a smaller base to emitter voltage is devel-
steered through transistor 116 to ground reference oped in the former which
causes a delta voltage to   through the collector of this transistor.
Transistor 116 be developed across resistor 98 which has a posi-    is
biased in a conducting state since its base is tive temperature
coefficient. This voltage produces   5   connected at node 124 to which a
substantially a current through resistor 98 which flows through
constant bias potential is established. The bias Darlington configured
transistors 88 and 90 to node   potential is developed through diodes 126
and 128 92. This current will also have a positive tempera-   which are
series connected between Vcc and the ture coefficient due to the fact that
it was produced  base of transistor 116. Hence, current flows through by a
positive temperature voltage established   10  the two diodes and via
resistor 130 through Dar- across resistor 98. Darlington configured
transistors  lington configured PNP transistors 132 and 134 to 88 and 90
also provide feedback from the collector    ground reference. Since all of
the tail current sup- of transistor 86 to the emitter of transistor 84 to
plied at the common emitters of transistors 114 and ensure that the two
collector currents flowing        116 of the comparator is steered to
ground, in this through transistors 84 and 86 are maintained sub-   15
case one output of the comparator, there is no stantially constant. Thus, a
thermal current I is     current flowing through node 78 and resistor 76
produced at node 92 which is steered to either       (FIG. 2). Thus,
transmit attenuator 14 will be op- receive volume control circuit 74 or
transmit gain    erated at maximum gain as previously described control
circuit 80.                                   with receive attenuator 16
being set at maximum Transistor 102 which is coupled between re-   20
attenuation. ceive volume control circuit 74 and transmit gain        When
the speakerphone is in a receive mode, control circuit 80 to node 92
functions as an elec-  the output of T-R comparator 40 is low which turns
tronic switch whereby current is steered to one or    off transistor 102.
Hence, no tail current is supplied the other of the two aforementioned
circuits. For    to the transmit comparator. Thus, transmit gain example,
if the output of T-R comparator 40 is  25  control circuit 80 does rot have
any control over high, thermal current I flows through the current
attenuator control circuit 12. mirror comprising PNP transistors 106 and
108 and        With the speakerphone operated in an idle resistors 110 and
112 as transistor 102 is turned     mode, the input to the comparator, at
the base of on. In this condition, the voltage developed at the
transistor 118, is a function of the voltage XDC. If emitter of transistor
102, which is one diode volt-  3o   XDC is less than the voltage
established at node age drop below the voltage applied at the base
124 transistors 118, 120 and 114 are turned on as a thereof, is sufficient
to render receive volume con-  path for base current drive is now provided
to trol circuit 74 nonoperative. Transmit gain control  transistor 114
through resistor 122. Diode 126 pro- circuit 80 is now rendered operative
whereby the      vides current flow therethrough from  diode 136 current at
node 92 flows through transistor 108 of  35  through resistor 122. As
transistor 114 is turned on the current mirror to produce a current through
one-half of the tail current supplied by transistor 106 transistor 106
which is substantially equal in mag-  is steered through the current mirror
comprising nitude to the current flowing at node 92 arid has     NPN
transistors 138 and 140. Transistor i38 is con- the same temperature
coefficient thereas. The cur-    nected as a diode and has its emitter
connected rent flowing through transistor 106 provides the   40  through
resistor 142 to ground reference. Similarly, 'tail" current required by the
comparator compris-   transistor 140 has its base connected to the ing
differentially connected transistors 114 and 116,  collector-base of
transistor 138 and its emitter coup- the emitters of which are commonly
connected to      led through resistor 144 to ground. The current the
collector of transistor 106. Depending upon the   steered through
transistor 114 is mirrored at the output state of background level detector
circuit 26   45  collector of transistor 140 such that this current now
supplied via lead 36 to the input of the comparator  flows through node 78
and resistor 76 to produce at the base of transistors 118, and the voltage
the modulated voltage V thereacross. The current established at terminal
62, the collector current of  flowing through node 78 has substantially the
same transistor 106 is steered proportionally between      temperature
coefficient as the current produced by transistors 114 and 116. As
previously mentioned,   50  thermal current reference source 70. The mag-
with the speakerphone in a transmit mode, a high      nitude of current
steered at the output of the com- level output signal is supplied over lead
36 which    parator (the collector of transistor 140) is a function will
reverse bias PNP transistors 118 and 120,        of magnitude of the
voltage VXDC. which are connected in a Darlington configuration        As
illustrated, receive volume control circuit 74 and via resistor 122 to the
base of transistor 114.   55  includes a differential amplifier circuit
comprising Since these transistors are reverse biased, transis-  NPN
transistors 146 and 148 the emitters of which tor 114 is rendered
nonconductive as there is no      are commonly connected via resistors 150
and 152. path for base current flow therefrom. Therefore all   A source of
tail current is supplied to this differen- 5    



9                  EP0214472B1                          10 tial amplifier
at the interconnection of the two resis-  turn, causes transistor 172 to be
rendered less tors by transistor 154 which has its collector emitter
conductive. This  will allow more of the current I to path coupled
therebetween to ground. The base of      be steered through transistor 170
to node 78 to transistor 154 is biased at a bias potential that is
increase the voltage V developed across resistor developed across diode
156. The bias current in    5   76. Conversely, as VLC is decreased, diode
174 diode 156 will have a zero temperature coefficient    conducts harder
which reduces the degree of con- since the current through the diode is
provided by    duction of transistor 170 as well as the magnitude of
transistor 158 via resistor 98 which are series coup-  current I that is
steered to node 78. It is understood led between Vcc and the diode assuming
that the       that the proportional amount of current I steered to current
through resistor 94 is negligibly small in   10   node 78 can be varied by
ratioing resistors 150 and comparison to the current flow through resistor
96.   152 accordingly. Since the voltage Vcc has a zero temperature co-
The speakerphone is therefore operated in a efficient the current through
resistor 96, transistor  receive mode whenever transistor 102 is turned
off. 158 and diode 156 also has a zero temperature         Also, by varying
VLC the volume of the receive coefficient. The base of transistor 158 is
connected   15  signal path is increased as the voltage drive signal with
the base of PNP transistor 82 to the intercon-   produced at node 78 and
via lead 34 to transmit nection between the emitter of transistor 160 and
and receive attenuators 14 and 16 decreases which resistor 162  the other
side of which is connected to  increases the gain of receive attenuator 16
while ground reference. The voltage resistor divider com-  increasing the
attenuation of the transmit attenuator prising resistor 164 and 166
connected between Vcc   20  14. and ground reference produces the
potential, [err]          Hence, what has been described above is a which
is supplied at the base of transistor 160 and   novel control circuit for
producing a voltage drive is substantially constant having a zero
temperature   signal that is proportional to absolute temperature.
coefficient. As illustrated, the base of transistor 146  The control
circuit can be used in many applica- is also connected to [err] with the
base of transistor   25  tions including controlling the gain/attenuation
of 148 being connected at terminal 44 to the poten-      the receive and
transmit signal paths of a half- tiometer 42. The external bias voltage
VLC, applied   duplex operated speaker phone system. to the base of
transistor 148, also has a zero temperature coefficient such that the
operation of    Claims the differential amplifier is independent of
tempera-   30 ture. The outputs of the differential amplifier (the  1. A
control circuit for a half-duplex operated collectors of transistors 146
and 148) are connected      communication system including a pair of at-
through respective diodes 174 and 176 to [err]             tentuators the
gain/attenuation of which are through diode 178.
varied in a complementary manner and which Receive volume control circuit
74 also includes   35  are a function of temperature: the control cir-
differential amplifier 168 formed by NPN transistors      cuit (12)
providing a voltage control signal that 170 and 172 the emitters of which
are commonly            is supplied to the pair of attenuators charac-
connected to node 92 to thermal current reference         terised by the
voltage control signal having a source 70. The base electrodes of these two
tran-         temperature coefficient proportional to absolute sistors are
connected respectively to the collectors   40  temperature, the control
circuit including: of transistors 146 and 148. The outputs of the dif-
a single current source (70) which supplies ferential amplifier are taken
at the collectors of        a current (1) having a predetermined tempera-
transistors 170 and 172 with the former being con-        ture coefficient;
nected to node 78 to resistor 76 and the latter               a first
steering circuit (74) coupled to said being connected to Vcc.
45       current source and being responsive to a di- With transistor 102
in a nonconducting state the       rect current (dc) control signal (VLC)
for pro- current I appearing at node 92 is steered to the
portionally steering said current to an output of common emitters of
transistors of 170 and 172 of          the control circuit to generate the
voltage con- differential amplifier 168. This renders receive vol-     trol
signal when said first steering circuit is ume control 74 operative whereby
the current flow-   50   rendered operative responsive to the system ing
through transistors 170 and 172 is proportionally     being in a first mode
of operation; steered therethrough to node 78 and Vcc depend-
a second current steering circuit (80) being ing on the magnitude of VLC.
By varying VLC the           rendered operative responsive to the system
magnitude of the current flowing through transistor       being in a second
mode of operation and 170 can be varied with respect to the current flow-
55  which is coupled to said current source for ing through transistor 172.
For example, as VLC is        proportionally steering current to said
output to increased, diode 176 is turned on harder to supply
generate the voltage control signal in response more collector current to
transistor 148 which, in        to a control signal (XD) supplied to said
sec- 6    



9                  EP 0 214 472 B1                     10 tial amplifier at
the interconnection of the two resis-  turn, causes transistor 172 to be
rendered less tors by transistor 154 which has its collector emitter
conductive. This will allow more of the current I to path coupled
therebetween to ground. The base of     be steered through transist or 170
to node 78 to transistor 154 is biased at a bias potential that is
increase the voltage V developed across resistor developed across diode
156. The bias current in    5   76. Conversely, as VLC is decreased, diode
174 diode 156 will have a zero temperature coefficient   conducts harder
which reduces the degree of con- since the current through the diode is
provided by   duction of transistor 170 as well as the magnitude of
transistor 158 via resistor 96 which are series coup-  current I that is
steered to node 78. It is understood led between Vcc and the diode assuming
that the      that the proportional amount of current I steered to current
through resistor 94 is negligibly small in  10   node 78 can be varied by
ratioing resistors 150 and comparison to the current flow through resistor
96.  152 accordingly. Since the voltage Vcc has a zero temperature co-
The speakerphone is therefore operated in a efficient the current through
resistor 96, transistor  receive mode whenever transistor 102 is turned
off. 158 and diode 156 also has a zero temperature        Also, by varying
VLC the volume of the receive coefficient. The base of transistor 158 is
connected   15  signal path is increased as the voltage drive signal with
the base of PNP transistor 82 to the intercon-  produced at node 78 and via
lead 34 to transmit nection between the emitter of transistor 160 and
and receive attenuators 14 and 16 decreases which resistor 162, the other
side of which is connected to  increases the gain of receive attenuator 16
while ground reference. The voltage resistor divider corn-  increasing the
attenuation of the transmit attenuator prising resistor 164 and 166
connected between Vcc   20  14. and ground reference produces the
potential, [err]         Hence, what has been described above is a which is
supplied at the base of transistor 160 and  novel control circuit for
producing a voltage drive is substantially constant having a zero
temperature  signal that is proportional to absolute temperature.
coefficient. As illustrated, the base of transistor 146  The control
circuit can be used in many applica- is also connected to [err] with the
base of transistor   25  tions including controlling the gain/attenuation
of 148 being connected at terminal 44 to the poten-     the receive and
transmit signal paths of a half- tiometer 42. The external bias voltage
VLC, applied  duplex operated speaker phone system. to the base of
transistor 148, also has a zero temperature coefficient such that the
operation of   Claims the differential amplifier is independent of tempera-
30 ture. The outputs of the differential amplifier (the  1. A control
circuit for a half-duplex operated collectors of transistors 146 and 148)
are connected     communication system including a pair of at- through
respective diodes 174 and 176 to Vcc             tentuators the
gainiattenuation of which are through diode 178.
varied in a complementary manner and which Receive volume control circuit
74 also includes   35  are a function of temperature: the control cir-
differential amplifier 168 formed by NPN transistors     cuit (12)
providing a voltage control signal that 170 and 172 the emitters of which
are commonly          is supplied to the pair of attenuators charac-
connected to node 92 to thermal current reference        terised by the
voltage control signal having a source 70. The base electrodes of these two
tran-        temperature coefficient proportional to absolute sistors are
connected respectively to the collectors   40  temperature. the control
circuit including: of transistors 146 and 148. The outputs of the dif-
a single current source (70) which supplies ferential amplifier are taken
at the collectors of       a current (1) having a predetermined tempera-
transistors 170 and 172 with the former being con-       ture coefficient;
nected to node 78 to resistor 76 and the latter              a first
steering circuit (74) coupled to said being connected to Vcc.
45       current source and being responsive to a di- With transistor 102
in a nonconducting state the     rect current (dc) control signal (VLC) for
pro- current I appearing at node 92 is steered to the         portionally
steering said current to an output of common emitters of transistors of 170
and 172 of         the control circuit to generate the voltage con-
differential amplifier 168. This renders receive vol-    trol signal when
said first steering circuit is ume control 74 operative whereby the current
flow-   so  rendered operative responsive to the system ing through
transistors 170 and 172 is proportionally    being in a first mode of
operation; steered therethrough to node 78 and Vcc depend-              a
second current steering circuit (80) being ing on the magnitude of VLC. By
varying VLC the          rendered operative responsive to the system
magnitude of the current flowing through transistor      being in a second
mode of operation and 170 can be varied with respect to the current flow-
55  which is coupled to said current source for ing through transistor 172.
For example, as VLC is       proportionally steering current to said output
to increased, diode 176 is turned on harder to supply       generate the
voltage control signal in response more collector current to transistor 148
which, in      to a control signal (XD) supplied to said sec-    11
EP 0 214 472 B1                       12 



ond steering circuit;                                  ferential amplifier
(168). a switch (72) coupled between said first and second steering circuit
and to said current    6. The circuit of claim 5 wherein said first current
source which is reponsive to an applied control       steering circuit
includes a third diode (178) signal (T-R) for rendering said second
steering    5  connected between said first power supply circuit operative
while rendering  said first         conductor and said first and second
diodes. steering circuit inoperative so that the voltage control signal is
developed by independent         7. The circuit of claim 2 wherein said
second operation of said first and second steering cir-       current
steering circuit includes: cuits; and                                    10
a first current mirror circuit (106, 108) a load coupled to the output of
the control        coupled to said second electrode of said tran- circuit
across which voltage control signal is         sistor (102) which is
responsive to said transis- developed.
tor (102) being turned on for providing current at an output thereof the
magnitude and tem- 2. The circuit of claim  1 wherein said switch   16
perature coefficient of which are substantially circuit (72) includes a
transistor (102) having       the same as said current provided by said
first, second and control electrodes, said first       current source (70);
and electrode being coupled both to said current              a comparator
(114, 116) having first and source (70) and said first current steering
cir-       second inputs and outputs and a common ter- cuit (74), said
second electrode being coupled   20    minal, said common terminal being
coupled to to said second current steering circuit (80),         said
output of said first current mirror circuit, said control electrode
receiving said control          said first and second outputs being said
first signal, said transistor (102) providing said cur-      and second
outputs of said second current rent to said second current steering circuit
and      steering circuit respectively, said first Input be- rendering said
first current steering        25       ing biased at a first bias
potential, said second input receiving a second control signal such 3. The
circuit of claim 2 including a first power         that current related to
said first current mirror supply conductor at which is supplied an op-
circuit output current is steered to said first erating potential; and a
resistor (76) coupled        output when said second control signal is at a
between said first power supply conductor and   3o    first level and
steered to said second output the output (34) of the circuit.
when said second control signal is at a second level. 4. The circuit of
claim 3 wherein said first current steering circuit (74) includes:
8. The circuit of claim 7 wherein said comparator a first differential
amplifier (146, 148) hav-   36  includes second current mirror circuit
(138, ing first and second inputs and outputs, said          140) for
providing said related current to said first input being coupled to an
input terminal        first output of said comparator. (44) of the circuit
(12) at which is supplied a second control signal, said second input being
9. The circuit of claim 8 including: supplied a substantially constant bias
potential   40     first and second power supply conductors (VB); and
at which are supplied an operating potential a second differential
amplifier (168) having       and ground reference signal respectively;
first and second inputs and outputs and a                 a resistor (76)
connected between said common terminal, said common terminal being
first power supply conductor and the output coupled to said first electrode
of said transistor   45  (34) of the circuit (12); and (102) and to said
current source (70), said first         said second output of said
comparator be- and second inputs being coupled respectively          ing
coupled to said second power supply con- to said first and second outputs
of said first         ductor; differential amplifier, said first output
being said output of said first current steering circuit  50
Revendicatlons and said second output being coupled to a said first power
supply conductor.                 1. Circuit de commando pour un systeme de
communication qui fonctionne en semi-duplex, 5. The circuit of claim 4
wherein said first current       ce circuit incluant une paire
d'attenuateurs steering circuit (74) includes first (174) and   55    dont
le gain et I'attenuation sont amends a second (176) diodes coupled between
said first        varier selon une manibre complementaire et power supply
conductor and said first and sec-        qui sont une. fonction de la
temperature ; le ond inputs respectively of said second dif-
circuit de commande (12) qui foumit un signal 7    13                 EP
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de commande de tension qui est achemine a            ledit transistor est
rendu conducteur par ledit la paire d'att6nuateurs 6tant caract6ris6 en ce
signal de commande, ledit circuit de commuta- que le signal de commande de
tension a un           tion rendant ledit second circuit d'aiguillage de
coefficient de temperature qui est proportion-       courant non
op6rationnel lorsque ledit transis- nel h la temperature absolue, le
circuit de    s    tor est rendu non conducteur et ce faisant, commande
comprenant:                                ledit courant d6livr6 par ladite
source de cou- une unique source de courant (70) qui            rant
circule au travers dudit premier circuit achemine un courant (I) qui a un
coefficient de      d'aiguillage de courant. temperature pr6d6termin6; un
premier circuit d'aiguillage (74) qui est  io  3. Circuit selon ia
revendication 2, comprenant un couple a ladite source de courant et qui est
premier conducteur d'alimentation auquel est sensible & un signal de
commande de courant          appliqu6 un potentiel de fonctionnement ; et
continu (VLC) pour aiguiller proportionnelle-        une resistance (76)
qui est coupl6e entre ledit ment ledit courant jusqu'a une sortie du
circuit    premier conducteur d'alimentation et la sortie de commande afin
de generer le signal de   15        (34) du circuit. commande de tension
lorsque ledit premier circuit d'aiguillage est rendu actif en reponse  4.
Circuit selon la revendication 3, dans lequel au systeme qui est dans un
premier mode de          ledit premier circuit d'aiguillage de courant (74)
fonctionnement;                                      comprend: un second
circuit d'aiguillage de courant  20       un premier amplificateur
diff6rentiel (148, (80) qui est rendu actif en r6ponse au systeme
148) qui a des premieres et secondes entrees qui est dans un second mode de
fonctionne-          et sorties, ladite premibre entree 6tant coupl6e ment
et qui est coupl6 a ladite source de           a une borne d'entr6e (44) du
circuit (12) au- courant pour aiguiller proportionnellement un       quel
est achemin6 un second signal de com- courant jusqu'a ladite sortie afin de
g6n6rer le  25  mande, ladite seconde entr6e se voyant appli- signal de
commande de tension en r6ponse a          quer un potentiel de polarisation
sensiblement un signal de commande (XD) qui est achemine         constant
(VB) ; et jusqu'audit second circuit d'aiguillage;                un second
amplificateur diff6rentiel (1'88) un commutateur (72) qui est coupl6 entre
qui a des premieres et secondes entrees et lesdits premier et second
circuits d'aiguillage   30  sorties ainsi qu'une borne commune, ladite et a
ladite source de courant, ce commutateur        borne commune etant coupl6e
a ladite premlb- 6tant sensible a un signal de commande qui           re
6lectrode dudit transistor (102) et a ladite lui est appliqu6 (T-R) pour
rendre ledit second     source de courant (70), lesdites premiere et.
circuit d'aiguillage actif tout en rendant ledit     seconde entr6es 6tant
coupl6es respective- premier circuit d'aiguillage non actif de telle  35
ment auxdites premibre et seconde sorties du- sorte que le signal de
commande de tension           dit premier amplificateur diff6rentiel,
ladite pre- soit d6veloppe par un fonctionnement indepen-        miere
sortie 6tant ladite sortie dudit premier dant desdits premier et second
circuits d'ai-        circuit d'aiguillage de courant et ladite seconde
guillage; et                                         sortie etant couplee
audit premier conducteur une charge qui est coupl6e & la sortie du   40
d'alimentation. circuit de commande aux bornes duquel le signal de commande
de tension est d6velop-       5. Circuit selon la revendication 4, dans
loquel p6.                                                 ledit premier
circuit d'aiguillage de courant (74) inclut des premiere (174) et seconde
(176) 2. Circuit selon la revendication 1, dans lequel  46    diodes qui
sont coupl6es entre ledit premier ledit circuit de commutation (72)
comprend un       conducteur d'alimentation et lesdites premiere transistor
(102) qui a des premiere et seconde       et seconde entrees respectives
dudit second electrodes ainsi qu'une 6lectrode de comman-
amplificateur diff6rentiel (168). de, ladite premiere electrode 6tant
coupl6e a Ia fois A ladite source de courant (70) et audit  5o  6. Circuit
selon la revendication 5, dans leoquel premier circuit d'aiguillage de
courant (74), la-    ledit premier circuit d'aiguillage de courant in- dite
seconde 6lectrode 6tant couplee audit se-       clut une troisieme diode
(178) qui est connec- cond circuit d'aiguillage de courant (80), ladite
Me entre ledit premier conducteur d'alimenta- electrode de commande
recevant ledit signal         tion et lesdites premiere et seconde diodes.
de commande, ledit transistor (102) foumissant  56 ledit courant audit
second circuit d'aiguillage  7. Circuit selon la revendication 2. dans
lequel de courant et rendant ledit premier circuit d'ai-   ledit second
circuit d'aiguillage de courant in- guillage de courant non operationnel
lorsque         clut: 8    15                 EP 0 214 472 B1
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un premier circuit miroir de courant (106,       aufweist, der der
absoluten Temperatur propor- 108) qui est couple & ladite seconde 6lectrode
tional ist, und daB die Steuerschaltung die fol- dudit transistor (102) et
qui est sensible au fait  genden Bestandteile enthalt: que ledit transistor
(102) est passant pour four-       eine einzelne Stromquelle (70), die
einen nir un courant au niveau d'une de ses sorties,   5  Strom   (I)   mit
einem    vorgegebenen l'amplitude et le coefficient de temperature de
Temperatur-Koeffizienten zufUhrt, ce courant etant sensiblement les memes
quo             eine erste an der Stromquelle angeschlos- ceux dudit
courant fourni par ladite source de      sene Leitschaltung (74), die auf
ein Gleich- courant (70) ; et
stromsteuersignal (VLC) anspricht, urn den un comparateur (114, 116) qui a
des pre-   10    Strom proportional zu einer Ausgangsklemme mieres et
secondes entrees et sorties ainsi         der Steuerschaltung zu leiten und
das Span- qu'une borne commune, ladite borne commu-
nungssteuersignal zu erzeugen, wenn die erste ne etant couplee a ladite
sortie dudit premier       Leitschaltung auf das sich in einer ersten Ar-
circuit miroir de courant, lesdites premiere et     beitsweise befindende
System  ansprechend seconde sorties etant respectivement lesdites   15
gemacht wird, premiere et secondo sorties dudit second cir-           eine
zweite Stromleitschaltung (80) die auf cuit d'aiguillage de courant, ladite
premiere       das sich in einer zweiten Arbeitsweise befin- entree 6tant
polarisee selon un premier poten-      dende System ansprechend gemacht
wird, und Uel de polarisation, ladite seconde entr6e rece-    die an die
Stromquelle angeschlossen ist, uni vant un second signal de commando de
telle  20       Strom proportional zu der Ausgangsklemme zu sorte qu'un
courant relatif au courant de sortie    leiten und auf ein der zweiten
Leitschaltung dudit premier circuit miroir de courant soit ai-
zugefUhrtes Steuersignal (XD) hin das Span- guille vers ladite premibre
sortie lorsque ledit     nungssteuersignal zu erzeugen, second signal de
commando est a un premier              einen zwischen den beiden
Leitschaltun- niveau et soit alguille vers ladite second sortie  25  gen
an der Strorhquelle angeschlossenen lorsque ledit second signal de commando
est         Schalter (72), der auf ein angelegtes Steuersi- a un second
niveau.                                 gnal (T-R) anspricht, urn die
zweite Leitschal- tung in Betrieb zu nehmen, wahrend die erste 8. Circuit
selon la revendication 7, dans lequel        Leitschaltung abgeschaltet
wird. so daB das ledit comparateur inclut un second circuit mi-  30
Spannungssteuersignal bei einer unabhangi- roir de courant (138, 140) pour
fournir ledit       gen Arbeitsweise der ersten und zweiten Leit- courant
relatif A ladite premiere sortie dudit      schaltung entwickelt wird, und
comparateur.                                            eine Last, die an
der Ausgangsklemme der Steuerschaltung angeschlossen ist, und an der 9.
Circuit selon la revendication 8, incluant:  35      das
Spannungssteuersignal entwickelt wird. des premier et second conducteurs
d'ali- mentation auxquels sont respectivement appli-    2. Schaltung des
Anspruches 1, bei der der elek- ques un potentiel do fonctionnement et un
tronische Schalter (72) einen Transistor (102) signal do r6ference de
masse;                       mit zwei Elektroden und einer Steuerelektrode
une r6sistance (76) qui est connectee en-   40   enthalt, unter denen die
erste Elektrode sowohl tre ledit premier conducteur d'alimentation et
an der Stromquelle (70) als auch an der ersten la sortie (34) du circuit
(12); et                  Stromleitschaltung (74) und die zweite Elektro-
ladite seconds sortie dudit comparateur          de an der zweiten
Stromleitschaltung (80) an- 6tant coupl6e audit second conducteur d'ali-
geschlossen ist, wahrend die Steuerelektrode mentation.
45      das Steuersignal empfangt, und bei der der Transistor (102) den
Strom an die zweite PatentansprUche
Stromleitschaltung liefert und die erste Strom- leitschaltung abschaltet,
wenn er von dem 1. Stouerschaltung fUr ein im Halbduplexbetrieb
Steuersignal leitend gemacht ist, und der elek- arbeitendes
Nachrichten-Obertragungssystem    50   tronische Schalter die zweite
Stromleitschal- mit   zwei   Ddmpfungsgliedern,   deren             tung
abschaltet, wenn der Transistor nicht Sei- Verstarkungs-/DampfungsmaR
komplementar            tend gemacht ist, so daR der von der Strom-
abgeandert werden kann, und die temperatur-         quelle gelieferte Strom
durch die erste Strom- abhangig sind, wobel das von der Steuerschal-
leitschaltung flielt. tung (12) gelleferte Spannungssteuersignal den   55
beiden Dampfungsgliedem zugeleitet wird,         3. Schaltung des
Anspruches 2 mit einem ersten dadurch gekennzeichnet, daO das Spannungs-
stromfflhrenden Leiter, dem eln Arbeitspotenti- steuersignal einen
Temperatur-Koeffizienten        al zugeleitet wird, und mit einem
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(76). der zwischen dem ersten stromfUhrenden        sen ist, wobei seine
beiden Ausgangsklemmen Leiter und der Ausgangsklemme (34) der
jeweils die beiden  Ausgangsklemmen der Schaltung angeschlossen ist.
zweiten Stromleitschaltung sind und seine er- ste Eingangsklemme auf ein
Potential einer 4. Schaltung des Anspruches 3. be! der zu der   5
ersten Vorspannungsquelle gebracht ist und ersten Stromeiltschaltung (74)
geh6ren:             seine zweite Eingangsklemme ein zweiles ein erster
Differenz-Verstarker (146, 148)      Steuersignal empfangt, so daB der
Strom, der mit zwei Eingangsklemmen und einer Aus-             zu dem von
der ersten Stromreflexionsschal- gangsklemme, von denen die erste Eingangs-
tung abgegebenen Strom in Bezishung steht, klemme an einer Eingangsklemme
(44) der  1o         zu der ersten Ausgangsklemme geleitet wird, iSchaltung
(12) angeschlossen ist, der ein zwei-     wenn sich das zweite Steuersignal
auf elnem tes Steuersignal zugeleitet wird, und die zweite    ersten Niveau
befindet, und zu der zweiten Eingangsklemme mit einem  im wesentlichen
Ausgangsklemme geleitet wird, wenn sich das konstanten Potential (VB) einer
Vorspannungs-       zweite Steuersignal auf elnem zweiten Niveau quelle
gespeist wird, und                   is      befindet. ein zweiter
Differenz-VerstArker (168) mit zwei Ein-'Ausgangsklemmen und einer ge-
8. Schaltung des Anspruches 7. bei der der Kom- meinsamen Anschlulklemme,
die an der er-            parator eine zweite Stromreflexionsschaltung sten
Elektrode des Transistors (102) und an         (138, 140) zur Lieferung des
in Beziehung ste- der Stromquelle (70) angeschlossen ist, wah-  20
henden Stromes an die erste Ausgangsklem- rend die beiden Eingangsklemmen
jeweils mit         me des Komparators enthqlt. den beiden Ausgangsklemmen
des ersten Differenz-Verstarkers verbunden sind, die erste  9. Schaltung
des Anspruches 8 mit zwei strom- Ausgangsklemme die Ausgangsklemme der
f0hrenden Leitern, dgenen jeweils ein Arbeitspo- ersten Stromleitschaltung
ist und die zweite  25   tential bzw. ein Bezugssignal an Erde zugelel-
Ausgangsklemme an dem ersten stromfihren-           tet werden, und mit
einem Widerstand (7B), den Leiter angeschlossen ist.
der zwischen dem ersten stromfihrenden Le[- ter und der Ausgangsklemme (34)
der Scbal- 5. Schaltung des Anspruches 4, be! der die erste        tung
(12) angeschlossen ist, wobei die zweite Stromleitschaltung (4) zwel Dioden
(174 und   30    Ausgangsklemme des Komparators mit daem 176) enthalt, die
zwischen dem ersten strom-        zweiten stromfflhrenden Leiter verbunden
ist. fihrenden Leiter und jeweils der ersten bzw. zweiten   Eingangsklemme
des   zweiten Differenz-Verstdrkers  (168)  angeschlossen sind.
35 6. Schaltung des Anspruches 5, bei der die erste Stromleitschaltung eine
dritte Diode (178) ent- hait, welche zwischen dem ersten stromfihren- den
Leiter und den beiden Dioden angeschlos-  4o sen ist. 7. Schaltung des
Anspruches 2, bei der die zwei- te Stromleitschaitung die folgenden
Bestandtei- le .enthalt                                45 eine erste an der
zweiten Elektrode des Transistors (102) angeschlossene Stromrefle-
xionsschaltung (106, 108). die auf den gerade eingeschalteten Transistor
(102) ansspricht, um einen Strom an seiner einen Ausgangsklemme   5o
abzugeben. dessen GrdBe und Temperatur- Koeffizient im wesentlichen
dieselben wie die des von der Stromquelle (70) gelieferten Stro- mes sind,
und einen Komparator (114, 116) mit zwei Ein-  55 und Ausgangsklemmen und
einer gemeinsa- men Klemme, die an der Ausgangsklemme der ersten
Stromreflexlonsschaltung angeschlos- C   L 0         S tO    


