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tionship as long as the amplitudes are not too great. Referring to the
drawings, Fig.1 illustrates a gen- The invention relates to an electronic
circuit for  eral arrangement for a prior art differential amplifier
amplifying a circuit input signal differentially provided  that can achieve
rail-to-rail input capability at moder- between first and second input
terminals as respec-   5   ately low power supply voltage. See U.S. Patent
tive first and second input voltages, the circuit com-  4,555,673. Also see
U.S. Patents 4,463,319 and prising:
4,532,479. main supply means, coupled between respec-       The amplifier
in Fig. 1 employs a pair of comple- tive sources of a high supply voltage
[err] and a low  mentarty differential input portions 10 and 12 to am-
supply voltage [err] whose difference is a power sup-  10  plify a circuit
input signal differentially supplied be- ply voltage [err] that defines a
powersupply range, for  tween input terminals [err] and [err] as input
voltages [err] providing opposite first and second operating cur-  and
[err]. Differential portion 10 consists of NPN tran- rents;
sistors Q1 and Q2 whose bases receive the circuit in- first differential
means for amplifying the vol-  put signal at input points P1 and P2
connected to ter- tage difference between first and second input points  15
minals T1 and T2. The emitters of transistors Q1 and by largely dividing
the first operating current into a  Q2 are connected together at a node NA
to receive a pair of amplified first internal signals, the first and  first
operating current [err]. Differential portion 12 is second points being
respectively coupled to the first  formed with PNP transistors Q3 and Q4
whose bases and second terminals, the first means being opera-  receive the
circuit input signal at input points P3 and tively conductive to so produce
the first internal sig-  20  P4 connected to terminals T1 and T2. The
emitters of nals when the common-mode voltage [err] of the cir-
transistors Q3 and Q4 are connected together at a cult input signal is in a
portion of the supply range ex-  node [err] to receive a second operating
current [err]1. A tending up to VHH;                                 main
current supply 14 connected between sources second differential means for
amplifying the  fora high supplyvoltageVHH and a lowsupplyvoltage voltage
difference between third and fourth input  25  [err] provides currents
[err] and [err] In opposite flow direc- points by largely dividing the
second operating cur-  tions. rent into a pair of amplified second internal
signals,  Portion 10 supplies amplified internal currents [err] the third
and fourth points being respectively coupled  and [err] fromthe Q1 and Q2
collectors. Portion 12 sim- to the first and second terminals, the second
means  ilarly provides amplified internal currents [err] and [err] being
operatively conductive to so produce the sec-  30  from the Q3 and Q4
collectors. A summing circuit 16 ond internal signals when [err] Is in a
portion of the  connected between the [err] and [err] supplies suitably
supply range extending down to [err] such that at least  combines currents
[err] - [err] to generate a pair of com- one of the differential means is
operatively conduc-  plementary output currents [err]and [err]. tive as VCM
traverses substantially the entire supply  In looking at amplifier
operation, it is convenient range when [err] is greater than or equal to a
specified   35  to define several terms. Let [err] and [err] respec-
minimum level; and                                tively represent the
differential voltage [err]and summing means for combining the internal sig-
the common-mode voltage [err])/2 of the circuit nals to generate at least
one circuit output signal;  input signal. Let [err] represent the power
supply vol- Such a circuit is known from US Patent 4,555,673  tage [err]
and relates to a differential amplifier suitable for use  40  The prior art
device in Fig.1 can be characterized in an operational amplifier ("op amp")
made in semi-  by a pair of threshold voltages VTA and VTB that may
conductor integrated circuit form and, more specifi-  vary with [err].
Fig.2 shows a general example of how cally, to a differential amplifier
that employs comple-  [err] mayappear. Fig. 3 showsthe resulting op-
mentary differential portions to attain rail-to-rail input  erational
regions for the amplifier. The horizontal axis capability.
45  in Fig.3 represents the condition where [err] equals An integrated
circuit often needs a lower power  [err]. Line 18 (at 45[err]) represents
the condition where supply voltage to avoid heat-dissipation problems.
[err] equals VHH. The region between the horizontal Low supply voltage will
be even more necessary in  axis and line 18 thereby encompasses the
rail-to-rail the future as integrated circuits become Increasingly
operational range for the amplifier. more dense. It thus becomes desirable
that a differ-  50  Input portion 10 is operatively conductive (turned
ential amplifier used as an input stage in an op amp  on) when [err] is
sufficiently high. More specifically have rail-to-rail input capability.
That is, the output       [err]  (1) signal of the amplifier should be
representative of the  Eq. (1) basically corresponds to the portion of the
[err] differential input signal as its common-mode voltage  range between
line 20Aand line 18 in Fig. 3. The con- travels the full range of the power
supply voltage. As   55  ductive region for portion 10 does, however,
extend used here to describe the relationship between two  slightly above
line 18 to a point where [err] is several signals, representative means
that their amplitudes  tents of a volt more than [err]. When portion 10 is
have a substantially one-to-one (typically linear) rela-  turned on,
itamplifiesthevoltage difference between 2    3                   EP 0 382
302 B1                 4 



points P1 and P2 by splitting current [err] between cur-  of a bipolar
transistor when it is just turned on. The rents [err] and [err] at values
whose difference is repre-  voltage at node NB similarly exceeds VCM by
[err] sentative of [err].                                   when portion 12
is turned on. In view of this, each of Input portion 12 is operatively
conductive when  threshold minimums [err] and [err] equals [err] [err] is
sufficiently low. In particular         5   [err] thereby equals [err].
[err] (2)                       At a standard collector-emitter current of
several Eq. (2) basically corresponds to the portion of the [err]
microamperes, [err] is approximately 0.6volt. [err] can range between the
horizontal axis and line 20B in Fig.  be as low as 0.1 volt. Using these
values for [err] and 3. In addition, the conductive range for portion 10
ex-  [err] (in the present computation and in all the addi- tends slightly
below the horizontal axis to a point  10  tional ones below), [err] is
approximately 1.4 volts for where [err] is several tenths of a volt less
than [err].  the differential amplifier of Figs. 1 and 4a. When portion 12
is turned on, it amplifies the voltage  Adisadvantage of using the current
supply in Fig. difference between points P3 and P4 by splitting cur-  4a is
that the transconductance of the amplifier rent [err] between current [err]
at values whose dif-  changes by a factor of approximately 2 whenever
ference is representative of V.               15  either of portions 10 and
12 turns on or off. The vari- Fig. 3 indicates that portion 10 is turned
off in the  ation in transconductance makes it difficult to opti- space
between the horizontal axis and line 20A-- i.e.,  mize the frequency
compensation for the amplifier when [err] is less than VTA. Likewise, Fig.3
shows  when it Is used In an op amp with negative feedback. portion 12 as
being turned off in the area between  The implementation shown in Fig. 4b
overcomes this line 20B and 18. This corresponds to the condition in  20
problem. which [err] is less than VTB. In actually, each of  When the
circuitry of Fig. 4b is used, supply 14 portions 10 and 12 usually switches
between on and  isformedwith currentsource [err] a PNP steering tran- off
over a spacing on the order of 100 millivolts. Lines  sistor QP whose base
receives a reference voltage 2OA and 20B are thus idealizations of narrow
voltage  [err], and a current mirror 28 that supplies current IA regions.
25  atavalue largely equal to the current [err] through tran- When [err] is
reduced, the amount of [err] space    sistor QP. Current steering through
transistor QP en- available for the non/conductive regions for portions
ables the sum of [err] and [err] to approximately equal [err]. 10 and 12
decreases. The two non-conductive re-    As a result the transconductance
is nearly constant gions start to overlap when [err] reaches a level [err].
as [err] varies across the entire [err] range. If [err] drops below [err]
passes through a dead   30  The voltage across current mirror 28 between
zone" indicated by thick line 22 in which neitherof por-  node NA and the
VLL supply must be at least [err] for tions 10 and 12 is operatively
conductive. [err] is thus  mirror 28 to be conductive. Under optimum condi-
the value of the minimum [err] level at which the dif-  tions, the current
steering causes lines 20A and 20B ferential amplifier in Fig. 1 can achieve
rail-to-rail in-  in Fig. 3 to merge into a single line 20 separated from
put capability.                               35  line 18 by a vertical
displacement equal to [err] as de- Threshold [err] and [err]have respective
minimum   picted in Fig. 5B. VMA equals [err] again. VMB values [err] and
[err]. See lines 24 and 26 in Fig. 3. In  may be as low as [err].
Consequently, [err] may known embodiments of the amplifier in Fig. 1, [err]
is again be equal to 1 A Volts. approximately equal to [err].
As the above discussion indicates, the lowest tol- The numerical value of
[err] depends on the   40  erable value for [err] In the differential
amplifier of Fig. base-emitter voltages of transistors Q1 - Q4 and on  1 is
approximately 1.4 volts. In practice, [err] may have the internal
construction of current supply 14. Figs.  to be a few tenths of a volt
higher. While this is still 4a and 4b depict two ways, both described in
U.S. Pa-  relatively good, it would be quite useful to get down tent
4,555,673, for implementing supply 14. Figs. 5a  to 1.0 volt or less. For
example, a single-cell battery and 5b graphically show the specific
idealized opera-  45  having an unloaded rating of 1.5 volts typically
drops tional regions for the amplifier of Fig. 1 as implement-  down to
about 1.0 volt under loaded conditions near ed with the main current
supplies shown respectively  the end of its life. The amplifier of Fig. 1
cannot op- in Figs. 4a and 4b.                                erate
efficiently from such a battery. Starting with the embodiment of Fig.4a,
supply    It is the object of the invention to provide a differ- 14
consists simply ofa pairof current sources [err] and   so  ential amplifier
that can achieve rail-to-rail input ca- [err]. Currentsource [err] supplies
current [err] aconstant  pability at a very low power supply voltage. In
bipolar value IL- Current source [err] provides current [err] at a
embodiments, the power supply voltage can be at or constant value [err] For
current source [err] and SH to be  slightly below 1.0 volts. This makes the
invention par- conductive, the voltage across each of them must be
ticularly attractive for future low-voltage op amp ap- at least equal to a
minimum level [err].       55   plications. The invention can be powered
from a sin- [err] exceeds the voltage at node [err]by [err]      gle-cell
1.5-volt battery during the entire battery life. when portion 10 is turned
on. [err] is the magnitude of  According to the invention a circuit asset
forth in the standard voltage across the base-emitterjunction  the opening
paragraph is characterize in that the cir- 3    5
EP0382302B1                      6 cult further comprises:
Fig. 7a and 7b show graphs generally illustrating 



level-shift means for selectively causing the     the operational regions
forthe amplifier of Fig. 6, voltages at the first and second points to be
respec-   Fig. 8 show a block diagram of an embodiment of tively higher
than the first and second input voltages  the level-shift current supply in
Fig. 8, by respectivefirstand second voltage level shifts and   5  Fig. 9a,
9b, and 10 show graphs generally show- for selectively causing the voltages
at the third and   ing operational aparameters for the amplifier of fourth
points to be respectively lower than the first   Fig. 6 as embodied with
the circuitry of Fig. 8, and second input voltages by respective third and
Fig. 11 shows a block and circuit diagram of a fourth voltage level shifts.
general embodiment of the amplifier of Fig.8, The level shift means extend
the conductive op-  10  Fig. 12 shows a block diagram of an embodiment
erational ranges of the differential means so as to re-  of the level-shift
current control in Fig. 11, duce the value of the minimum level of the
powersup-    Figs. 13a, 13b, and 13c show graphs illustrating ply voltage
at which the differential amplifier ach-    how level-shift voltage
preferably varies as a ieves rail-to-rail input capability.
function of input common-mode voltage for the The circuit may be
characterized further in that  15  amplifier of Fig. 11, the level-shift
means comprises:                        Figs 14a and 14b show graphs
showing the op- network means, coupled between the termi-         erational
regions for the amplifierof Fig. 11 as re- nals and the points, for
providing the level shifts; and  spectively embodied with the currents
supplies of level-shift supply means for providing current    Figs. 4a and
4b, tothe network meansto control thevaluesofthe level  20  Fig. 15 shows a
circuit diagram of a preferred bi- shifts.
polar embodiment of the amplifier of Fig. 11, The network means may be
characterized in that      Fig. 16 shows a circuit diagram of a preferred
em- the network means comprises a first level-shift ele-    bodimentofthe
reference voltage circuitry in Fig. ment coupled between the first terminal
and the first   15, point, a second level-shift element coupled between
25  Fig. 17 shows a graph illustrating the operational the second terminal
and the second point, a third lev-  regions for the amplifier of Fig. 15 as
embodied el-shift element coupled between the first terminal     with the
complete reference voltage circuitry in and the third point, and a fourth
level-shift element   Fig. 18, coupled between the second terminal and the
fourth      Figs. 18a and 18b show graphs showing an alter- point.
30       native variation for level-shift current as a func- The level
shift supply means may be character-      tion of inputcommon-mode voltage
for the ampli- ized in that the level-shift supply means comprises a   fier
of Fig.11, first current source coupled between the first point    Fig. 19
shows a graph illustrating the operational and the VHH source, a second
current source coupled     regions for the amplifier of Fig.11 as embodied
between the second point and the VHH source, a third  35  with the current
supply of Fig.4a for the level-shift current source coupled between the
third point and      variation indicated in Figs. 18a and 18b and the [err]
source, a fourth current source coupled be-     Fig. 20 shows a block and
circuit diagram of an- tween the fourth point and the [err] source, and
control   other general embodiment of Fig. 6. means for controlling
conduction ofthecurrentsourc-     Like reference symbols are employed in
the es. The control means preferably operates in such a   40   drawings and
in the description of the preferred em- way as to gradually turn off the
level-shift means as  bodiments to represent the same or very similar item
the power supply voltage rises to a point where level  or items. shifting
is not needed.                                 Referring to Fig.6, it
illustrates a general arrange- Embodiments of the invention will now be
descri-  mentfora differential amplifierthatamplifies a circuit bed, by way
of example, with reference to the accom-  45  input signal differentially
supplied between input ter- panying drawings, in which:
minals T1 and T2 as input voltages [err], and [err]. This Fig. 1 shows a
block and circuit diagram of a prior  differential amplifier uses a
level-shifting technique art differential amplifier,                     in
accordance with the invention to attain rail-to-rail Figs. 2 and 3 show
graphs depicting operational  capability for the common-mode voltage [err]
of the features for the amplifier of Fig. 1,       so  circuit input signal
at very low power supply voltage. Figs. 4a and 4b show circuit diagrams of
prior art  The amplifier is particularly suitable for use as an in-
embodiments of the main current supply in Fig. 1,  put stage of a
low-voltage op amp fabricated in sem- Fig. 5a and 5b show graphs showing
the primary  iconductor integrated circuit form. operational regions for
the amplifier of Fig. I as  The device in Fig. 6 centers around complemen-
respectively embodied with the current supplies  55  tary differential
input portions 30 and 32. Differential of Figs. 4a and 4b,
portion 30 consists of like-configured three-electrode Fig. 6 shows a block
diagram of a general differ-  input amplifiers Al and A2. Differential
portion 32 is ential amplifier in accordance with the invention,  formed
with like-configured three-electrode input 4    7                EP 0382302
B1                    8 amplifiers A3 and A4 which are complementary to
A2 second electrodes. The difference between the amplifiers Al and A2. The
term  "complementary"      currents ID1 and ID2 is representative of the
voltage 



means opposite polarity.                            difference between
points P1 and P2. When [err] is Amplifiers Al - A4 are referred to here as
the "A"  sufficiently low, portion 32 amplifies the voltage dif-
amplifiers. Each "A" amplifier has a first flow elec-   5   ference between
input points P3 and P4 connected to trode (1E), a second flow electrode
(2E), and a con-  the A3 and A4 control electrodes by dividing current trol
electrode (CE) for controlling current flow be-  [err] into amplified
internal currents [err] and [err] supplied tween the flow electrodes (1E
and 2E). Charge car-  from the A3 and A4 second electrode. The difference
riers, either electrons or holes, that move between  between currents [err]
and [err] is representative of the the flow electrodes of each "A"
amplifier originate at  10  voltage difference between points P3 and P4.
its first flow electrode and terminate at its second    Asumming circuit 36
connected between the VHH flow electrode. The current (if any) flowing in
the con-  and [err] supplies suitably combines curruents [err] trol
electrode is much smaller than that otherwise  to produce complementary
circuit output currents [err] moving between the flow electrodes.
and [err]. Summing circuit 36 may be implemented in Each "A" amplifier
preferably consists of a single  15  any of the ways shown in U.S. Patents
4,555,673 and transistor. In the case of a bipolar transistor, Its emit-
4,532,479. If desired, circuit 36 may provide only a ter, collector and
base are respectively the first, sec-  single circuit output current ond,
and control electrodes. These elements are re-     Alevel-shift circuit
consisting of a network of lev- spectivelythe source, drain, and gate fora
field-effect  el-shift elements 38,40,42, and 44and a level-shift
transistorofeitherthe insulated-gate orjunction type.  20  supply circuit
46 selectively enables voltages [err] and Although generally undesirable,
each "A" ampli-    [err] at points P1 and P2 to exceed voltages [err] and
fier could consist of more than one transistor. One ex-  [err] by
controllable level shifts [err] and [err]. The lev- ample is a bipolar
Darlington circuit in which the emit-  el-shift circuit likewise
selectively enables voltages ter of an input transistor is connected to the
base of  [err] and [err] at points P3 and P4 to be less than vol- a
trailing transistor. In this case, the control electrode   25  tages [err],
and [err] by controllable level shifts [err] and of the "A" amplifier is
(connected to) the base of the  [err] Level-shift elements 38-44, which are
connect- input transistor while the first and second control  ed between
terminals T1 and T2 and points P1 - P4 electrodes are (connected to) the
emitter and collec-  in the manner shown in Fig. 6, directly provide level-
tor of the trailing transistor.                     shift voltages [err] As
used in describing amplifiers Al and A2 orA3   30  Level-shift current
supply 46, which is connected and A4, "like-configured" means that the two
ampli-  between the VHH and [err] supplies, controls the oper- fiers in
question have corresponding elements inter-  ation of level shifts 38 - 44.
Currentsupply 46 accom- connected in the same way and that each set of cor-
plishes the control by providing supply currents [err] responding elements
is of the same semiconductor    [err] and [err] along lines connected to
points P1 - P4. polarity. For example, amplifiers Al and A2 are like-  35
Although not indicated in Fig. 6, supply 46 is typically configured If both
are NPN transistors but not if one  connected to other points in the
amplifier circuit. For is an NPN transistor while the other is a PNP
transis-  example, supply 46 may provide current at terminals tor.
Likewise, Darlington circuits are like-configured  T1 and T2 in some
embodiments of the invention. as long as the Input transistors are of the
same polar-  As indicated in Fig. 6, level-shift currents [err] ity and the
trailing transistors are of the same polarity  40  [err] and [err] actually
flow through elements 38 - (even if different from that of the input
transistors).  44. Currents [err] - [err] respectively differ from cur-
Turning back to Fig.6, the first electrode of am-  rents [err] by the
currents (if any) flowing through plifiers Al and A2 are connected together
to receive  the respective control electrodes of amplifiers Al - operating
current [err] at node NA. Similarly, amplifiers  A4. The control-electrode
current normallycan be ne- A3 and A4 have their first electrodes connected
to-  45   glected. As a result, each level-shift current [err] is sub-
gether to receive operating current [err] at node [err]. A  stantially
equal to corresponding supply current [err] main current supply 34
connected between the [err]    (where I is 1, 2, 3, or 4). and [err]
supplies provides oppositely directed cur-      To have a good common-mode
rejection ratio, rents [err] and [err]. Current supply 34 may be implement-
[err] and [err] are preferably equal. Consequently, [err] ed using either
of the circuits shown in Figs. 4a and   50  and [err] are preferably equal.
Likewise, [err] and [err] 4b. Other embodiments described in U.S. Patent
are preferably equal so that [err] and [err] are also pre- 4,555,673 may
also be used.                         ferably equal. Differential portions
30 and 32 function in a com-  It is desirable to avoid loading the
circuitry that plementary manner. When [err] is sufficiently high,
supplies circuit inputs [err], and [err]. Except for the sit- portion 30
amplifies the voltage difference between   55   uation in which other
internal current of significant input points P1 and P2 connected to the Al
and A2   magnitude is supplied at terminals T1 and T2, this ob- control
electrodes by dividing current [err] into amplified  jective can usually be
reached by setting [err] equal to internal currents [err] and [err]
supplied from the Al and  [err]. Likewise, [err] is usually chosen to equal
[err] The 5    9                   EP 0 382 302 B1                 10
result is that currents [err] and [err] are typically all  itself to cause
at least one of portions 30 and 32 to be- equal. Nonetheless, voltages
[err] and [err] may still  come conductive, supply 46 thereby normally pro-
respectively differ from voltages [err] and [err].    vides currents [err]
at values that enable level 



Current supply 46 utilizes currents [err] to  shifts [err] to
satisfythefollowing relationships: control the values of voltages [err] In
a way that   5    [err] reduces the minimum rail-to-rail [err] level for
the                  [err]  (9) powersupply voltage to avalue lower than
that which [err] would be needed if (a) [err] and [err] always equalled
VHH  (10) [err]and (b) [err] and [err] always equalled [err]. An under-
For the situation in which VTA and VTB vary in the standing of how the
level-shift control is accomplish-  10  manner indicated in Fig. 2, Figs.
7a and 7b show the ed can be facilitated by first considering what would
operational regions that result from using the level- happen if components
38 - 46 were absent. In that  shift circuit. Fig. 7b is a 3X magnification
of a lower case, the operation would proceed basically In the  portion of
Fig. 7a encompassing the [err]  part manner described above for the
differential amplifier  of the [err] range. Lines 18, 24, and 26 are the
VHH, of Fig. 1. When power supply voltage [err] drops below   15  [err],
and [err] lines as in Fig. 3. Lines 20A, 20B, and prior art value [err]
would pass through (at least  22 of Fig. 7a have the same meaning for the
invention part of) the dead zone in which neither of portions 30  that
lines 20A, 20B, and 22 have in Fig. 3 for the prior and 32 is operatively
conductive.                  art circuit of Fig.1. With the level-shift
circuit present, the operation  The point where the non-conductive region
for can still be described in terms of thresholds VTA and   20  portion 30
starts to overlap with the non-conductive VTB shown in Fig.2. However,
[err] on Eq. (1) must be  region for portion 32 occurs when [err] is at a
value replaced with the common-mode voltage [err] at      [err] as
indicated in Fig.7a. This is the lowest value of points P1 and P2.
Differential portion 30 is turned on  the power supply voltage atwhich the
differential am- when:                                              plifier
of Fig. 6 can achieve rail-to-rail inputcapability. [err] (3)
25   Due to the level shift, VP8F is less than [err]. For the In view of
Eq. (3), [err] must be related to VTA  usual case in which [err] equals
[err] is asfollows in orderto make portion 30 operativelycon-  thus less
than [err]. ductive if [err] is not high enough in itself to turn por-  The
lowerlimit for [err] is slightly greater than the tion 30 on:
larger of [err]and [err] in the normal situation. More [err]  (4)       30
specifically, VP8F usually equals (a) [err] or (b) Because supply 46
operates from the VHH supply, Eq.  [err] whichever is larger. (4) is at
least subject to the limitation that:        Turning briefly to Fig. 7b,
the three different [err] (5)                zones of the triangular
operational region formed by [err] in Eq. (2) must similarly be replaced
with the  lines 22, 24 and 26 are labeled with reference num- common-mode
voltage [err] at points P3 and P4.  35  bers 48,50, and 52. If [err] is in
zone 48, the level-shift Portion 32 is turned on when:
circuit preferably adjusts [err] and [err] according to [err] (6)
Eq. (9) so as to turn portion 30 on. If [err]is in zone Accordingly, [err]
and [err] must satisfy the following  50, the level-shift circuit
preferably adjusts [err] and relationship with [err] as to make portion 32
opera-  [err] according to Eq. (10) in order to turn porton 32 tively
conductive If V[err] itself is not low enough to turn  40  on. Finally, the
level-shift circuit adjusts V[err] - V[err] portion 32 on:
according to Eqs. (9) and (10) so as to turn on both [err]  (7)
of portions 30 and 32 when [err] is in zone 52. Since supply 46 also
operates from the V[err] supply,    Fig. 8 illustrates in general
functional embodi- Eq. (7) is at least subject to the restriction that
ment for current supply 46 in Fig. 6. In this embodi- [err]L  (8)
45   ment, a common-mode generator 54 responsive to A level shift is
usually not needed when [err] is  circuit inputs [err] and [err] produces
operating voltages greater than [err] (since VCM will be sufficient in
itself  [err] and V[err] that bear specific relationships to [err]. to
cause one or both of portions 30 and 32 to turn on).  For example, each of
voltages [err] and [err] may differ When [err]is less than [err] so that a
level shift is  from VCM by an amount that is largely constant at a needed,
thresholds VTA and [err] are preferably at their  50  given temperature. In
response to signals [err] and respective minimum values [err] and [err]. As
a result, [err], a level-shift current control circuit 56 generates [err]
and [err] can be respectively substituted for VTA  a pair of control
voltages [err] and [err] that control the and [err] in Eq. (4) and (7).
operation of a set of level-shift current sources 58 Let [err] be the
minimum voltage spacing that  suitablyconnected between the [err] and VHH
supplies. supply 46 allows between VHH and the highest of [err]  55
Sources 58 provide supply currents 181 - 184 and Vp2. Ukewise, let [err] be
the minimum voltage    Turning back to current control 56, it consists of
spacing that supply 46 permits between [err] and the  voltage reference
sources 60 and 62, differential am- lowest of Vp3 and Vp4. When [err] is
not adequate by  plifiers 64 and 66, and a linear AND/NAND generator 6
11                  EP 0 382 302 B1                 12 68. Reference
sources 60 and 62 provide reference  sources S3 and S4. voltages [err] and
[err] at values respectively "refer-   In Fig. 11, [err] equals [err] when
main sup- enced" to low supply voltage [err] and high supply vol-  ply 34
is implemented with the circuitry of Fig. 4a or tage VHH. In particular,
VRA typically exceeds [err] by  4b. For the optimum case In which [err]
equals VHH - 



an amount [err] that Is largely constant at a given tem-   5   VMB in Fig.
4b, the same applies to [err]. The minimum perature. VRB is likewise
lowerthan VHH by an amount  voltage across each of current sources S1 - S4
when [err] that is largely constant at a given temperature.  they are fully
conductive is [err]. Since each spacing Amplifier 64 amplifies the
difference between  [err] or [err] thereby equals [err], [err] equals VBE
voltages [err] and [err] to produce an amplified voltage  + [err]. Using
the above values of 0.6 volt for [err] and [err] that gradually changes
from high level [err] to low   10  0.1 volt for [err], [err] is
approximately 0,8 volt level [err] as [err] passes [err]. Amplifier 66
amplifies   Fig. 12 depicts a preferred way for implementing the difference
between voltage [err] and [err] to pro-  current control 56 in Fig.11. The
circuitry in Fig. 12 duce an amplified voltage [err] that gradually changes
differs from current control 56 in Fig. 8 in that the cir- from [err] to
[err] passes [err]. Figs. 9a and 9b  cult of Figh. 12 employs a
differential amplifier 78 to respectively show how voltages [err] and [err]
basically  15  perform the functions of components 66 and 68 in vary.
Transition zones 70 and 72 in Figs. 9a and 9b  Fig. 8. Amplifier 78
amplifies the difference between are typically 100 millivolts in width.
voltages [err] and [err] just as amplifier 66 does in Fig. Generator 68
supplies (a) control voltage [err] as  8. However, amplifier 78 has a gain
control terminal the linearAND of voltages [err] and [err] and (b) control
that receives voltage [err] from amplifier 64. This al- voltage [err] as
the linear NAND of voltages [err] and   20  lows amplifier78 to produce
control voltages [err] and [err] Referring to Fig.10, the top curve depicts
how  [err] in much the same way as shown in Fig. 10. voltage [err] varies
between low level [err] and high    Figs. 13a- 13c indicate the mannerin
which level- level [err] as a function of [err]                   shift
voltage [err] preferably varies as a function of Transition zones 70 and 72
for [err]and [err] are re-  [err] for the differential amplifier of Fig. 11
when im- flected in [err][ as respective transition zones 74 and   25
plemented with current control 56 of Fig. 8 or 12. For 76. The centres of
zones 74 and 76 are respectively  the case illustrated in Figs. 13a - 13c,
resistors R1 - "referenced" to [err] and [err]. That is, the center of  R4
all have the same resistance. Fig. 13a depicts the zone 74 is separated
from [err] by a voltage spacing  basic situation at standard temperature
and 1.0-volt [err] that is largely constant at a given temperature.  [err].
Fig. 13b illustrates how the level-shift circuit The center of zone 76 is
similarly separated from VHH   30  gradually "turns off" as [err]
increases. No level shift- by a voltage spacing that is largely constant
ata given  ing is needed when [err] is at or above 1.4 volts. As in-
temperature. As a consequence, the separation be-  dicated in Fig. 13c, the
level-shift circuit also auto- tween zones 74 and 76 varies inversely with
[err].   matically increases [err] with decreasing temperature, Fig.1 0
indicates that the [err] curve has a flat por-  and vice versa, to provide
temperature compensa- tion 78 situated between zones 74 and 76. It is
usually  35  tion. preferably that zones 74 and 76 meet so that portion
Figs. 14a and 14b graphically show the idealized 78 compresses to a point.
if zones 74 and 76 do so  operational regions that arise for the
differential am- meet, an increase in [err] causes zones 74 and 76 to
plifier of Fig.11 when main current supply 34 is re- merge into each other.
High level [err] decreases in  spectively embodied with the circuitry of
Figs. 4a and value. Typical level shift [err] vary when control vol-  40
4b. In Fig. 14a, the merged portion of lines 20A and tage [err] (or [err])
has the indicated variation. Zones  20B lying between [err] and [err] is
equallyseparated 74 and 76 are reflected directly in the [err] and [err]
from [err] and [err]. The same applies to the portion of curves. If a
sufficient increase in [err] causes zones 74  line 20 located between [err]
and [err] in Fig. 14b. and 76 to merge, high levels [err] and [err] for the
[err]   A preferred bipolar embodiment for the present and [err] curves
usually decrease. In this way, the lev-  45  differential amplifier is
shown in Fig. 15. Subject to el-shift circuit gradually shuts off as [err]
rises.  the following comments, the elements used in Fig. 15 Moving to Fig.
11, itshowsan embodiment of Fig.  to implement the components of the
amplifier of Fig. 6 in which amplifiers Al - A4 are formed with bipolar  11
can be determined by inspection. Main supply 34 transistors Q1 - Q4
arranged the same as in Fig. 1.  is implemented with the circuit of Fig.
4b. Conse- Level shifts 38 - 44 are embodied with resistors R1,  50
quently, the transconductance of the amplifier in Fig. R2, R3, and R4 in
Fig.11. Common-mode generator    15 is largely constant. A voltage
reference source 80 54 of Fig.8 is implemented with components 30, 32,
supplies reference voltage [err] at a value lower than 34, and R1 - R4 in
FIg.11. These components in com-  voltage VHH by an amount [err] that is
largely constant bination with current supply 56 form a level-shift feed-
at a given temperature. For supply 34 to operate op- back control loop.
Finally, current sources 58 of Fig.  55  timally, [err] equals [err]. That
is, [err] equals VHH 8 are implemented with variable current sources S1,  -
[err] - [err]. S2, S3, and S4 in Fig.11. Signal [err] controls current
Current control 56 in Fig. 15 uses the arrange- sources S1 and S2, while
signal [err] controls current  ment shown in Fig.12. Based on what has been
said 7    13                  EP 0 382 302 B1                  14 above
about Fig. 12, a detailed understanding of the  as limiting the scope of
the invention claimed below. various circuit elements in control 56 should
be evi-  For example, the level shifts might be implemented dent to a
skilled artisan. Resistors R1 - R4 introduce  with Schottky diodes to
improve the noise behavior. an extra frequency pole. Capacitors C1, C2, C3,
and  Thus, various modifications and applications may be C4 provide
frequency compensation by introducing a   5   made by those skilled in the
art without departing 



frequency zero atapproximately the same location as  from the true scope of
the invention as defined in the the extra pole.
appended claims. Fig. 16 illustrates two ways for implementing vol- tage
reference sources 60,62, and 80. Using only the circuit elements shown in
solid line, [err] and [err] are  10   Claims separated from VHH by
relatively constant amounts at a given temperature. However, it is usually
desirable  1. An electronic circuit for amplifying a circuit input to
employ portion 30 over more of the [err] range than   signal differentially
provided between first (TI) portion 32 because NPN transistors require less
base   and second (T2) input terminals as respective current than PNP
transistors. This objective can be  15  first ([err]) and second ([err])
input voltages, the cir- reached by using the entire circuitry (both solid
line  cuit comprising: and dashed line) shown in Fig. 16. The full
circuitry        main supply means (34), coupled between in Fig. 16 also
avoid Zener problems that NPN com-    respective sources of a high supply
voltage VHH ponents 30 and 78 might otherwise encounter. In this   and a
low supply voltage [err] whose difference is case, Fig. 17 illustrates the
resulting idealized opera-  20  a power supply voltage [err] that defines a
power tional regions. The level-shift circuit shuts off when  supply range,
for providing opposite first ([err]) and [err] goes above 1.6 volts.
second ([err]) operating currents; As indicated above, the level-shift
circuit normal-      first means (30) for amplifying the voltage ly shuts
off when [err] rises. Nonetheless, there may    difference between f irst
(P1) and second (P2) in- be some applications in which the level-shift
circuit  25  put points by largely dividing the first operating should
remain fully on as [err] Is increased. Figs. 18a  current ([err]) into a
pair of amplified first internal and 18b indicate how level shift [err],
would vary with   signals, the first (P1) and second (P2) input [err] in
such an application for the case in which main  points being respectively
coupled to the first (T1) supply 34 is implemented with the circuit of Fig.
4a.  and second (T2) input terminals, the first means The basic variation
at a 1.0-volt [err] is shown in Fig.  30  (30) being operatively conductive
to so produce 18a. Fig. 18b illustrates what happens as [err] is      the
first internal signals when the common-mode raised. Fig. 19 shows the
resulting idealized opera-   voltage [err] of the circuit input signal is
in a por- tional regions.                                        tion of
the supply range extending up to VHH; In the embodiments of the invention
variously il-        second means (32) for amplifying the vol- lustrated in
Figs. 8 - 19, supply currents [err] are  35  tage difference between third
(P3) and fourth all approximately equal. Consequently, portion 30 re-  (P4)
input points by largely dividing the second celves a level shift when
portion 32 receives a level  operating current (IB) into a pair of
amplified sec- shift, and vice versa. The level shifts received by por-
ond internal signals, the third (P3) and fourth (P4) tions 30 and 32 are
normally close to the same value.  input points being respectively coupled
to the Fig. 20 depicts an embodiment of Fig. 6 in which   40  first (T1)
and second (T2) input terminals, the the level shifts supplied to portions
30 and 32 are    second means (32) being operatively conductive largely
independent of each other. This is achieved by  to so produce the second
internal signals when using four additional variable current sources S5,
S6,  [err]is in a portion of the supply range extending S7, and S8 arranged
as  indicated in Fig. 20. Sources  down to [err] such that at least one of
the differen- S1, S2, S7, and S8 fix the level shift for portion 30.  45
tial means is operatively conductive as [err] tra- Sources S3 - S6
similarlyfix the level shiftfor portion  verses substantially the entire
supply range when 32.
[err] is greater than or equal to a specified mini- In addition to control
voltages [err] and VCH, cur-   mum level; and rent control 56 in Fig. 20
supplies control voltages [err]     summing means (36) for combining the
in- and [err]. Signals [err] and [err] are generated at com-   o  ternal
signals to generate at least one circuit out- plementary values to control
the level shift for portion  put signal ([err]); 30. Signals [err] and
[err] are likewise supplied at com-  characterized in that the circuit
further compris- plementary values to control the level shift for portion
es: 32. However, signals [err] and [err] do not necessarily
level-shift means (38,40,42,44) for selec- track signals [err] and [err] .
55       tively causing the voltages at the first (P1) and While the
invention has been described with ref-    second (P2) input points to be
respectively higher erence to particular embodiments, this is solely for
than the first and second input voltages by re- the purpose of illustration
and is not to be construed  spective first (38) and second (40) voltage
level 8    13                  EP 0 382 302 B1                  14 above
about Fig. 12, a detailed understanding of the  as limiting the scope of
the invention claimed below. various circuit elements in control 56 should
be evi-  For example, the level shifts might be implemented dent to a
skilled artisan. Resistors R1 - R4 introduce  with Schottky diodes to
improve the noise behavior. an extra frequency pole. Capacitors C1, C2, C3,
and  Thus, various modifications and applications may be C4 provide
frequency compensation by introducing a   5   made by those skilled in the
art without departing frequency zero at approximately the same location as
from the truescope of the invention as defined in the 



the extra pole.                                     appended claims. Fig.
16 illustrates two ways for implementing vol- tage reference sources 60,62,
and 80. Using only the circuit elements shown in solid line, VRB and [err]
are  10   Claims separated from VHH by relatively constant amounts at a
given temperature. However, it is usually desirable  1. An electronic
circuit for amplifying a circuit input to employ portion 30 over more of
the [err] range than    signal differentially provided between first (T1)
portion 32 because NPN transistors require less base    and second (T2)
input terminals as respective current than PNP transistors. This objective
can be   15  first ([err]) and second ([err]) Input voltages, the cir-
reached by using the entire circuitry (both solid line  cult comprising:
and dashed line) shown in Fig. 16. The full circuitry        main supply
means (34), coupled between in Fig. 16 also avoid Zener problems that NPN
com-     respective sources of a high supply voltage VHH ponents 30 and 78
might otherwise encounter. In this    and a low supply voltage [err] whose
difference is case, Fig. 17 illustrates the resulting idealized opera-  20
a power supply voltage [err] that defines a power tional regions. The
level-shift circuit shuts off when  supply range, for providing opposite
first (IA) and [err] goes above 1.6 volts.
second ([err]) operating currents; As indicated above, the level-shift
circuit normal-       first means (30) for amplifying the voltage ly shuts
off when [err] rises. Nonetheless, there may     difference between first
(P1) and second (P2) in- be some applications in which the level-shift
circuit  25  put points by largely dividing the first operating should
remain fully on as [err] Is Increased. Figs. 18a   current ([err]) into a
pair of amplified first internal and 18b indicate how level shift [err]
would vary with   signals, the first (P1) and second (P2) input [err] in
such an application for the case in which main   points being respectively
coupled to the first (T1) supply 34 is implemented with the circuit of Fig.
4a.   and second (T2) input terminals, the first means The basic variation
at a 1.0-volt [err] is shown in Fig.  30  (30) being operatively conductive
to so produce 18a. Fig. 18b illustrates what happens as [err] is       the
first internal signals when the common-mode raised. Fig. 19 shows the
resulting idealized opera-    voltage [err] of the circuit input signal is
In a por- tional regions.                                         tion of
the supply range extending up to VHH; In the embodiments of the invention
variously il-         second means (32) for amplifying the vol- lustrated
in Figs. 8 - 19, supply currents [err] - [err] are  35  tage difference
between third (P3) and fourth all approximately equal. Consequently,
portion 30 re-   (P4) input points by largely dividing the second ceives a
level shift when portion 32 receives a level   operating current ([err])
into a pair of amplified sec- shift, and vice versa. The level shifts
received by por-  ond Internal signals, the third (P3) and fourth (P4)
tions 30 and 32 are normally close to the same value.  input points being
respectively coupled to the Fig. 20 depicts an embodiment of Fig. 6 in
which   40  first (T1) and second (T2) input terminals, the the level
shifts supplied to portions 30 and 32 are     second means (32) being
operatively conductive largely Independent ofeach other. This is achieved
by   to so produce the second internal signals when using four additional
variable current sources S5, S6,  [err] is in a portion of the supply range
extending S7, and S8 arranged as  indicated in Fig. 20. Sources   down to
[err] such that at least one of the differen- S1, S2, S7, and S8 fix the
level shift for portion 30.  45  tial means is operatively conductive as
VCM tra- Sources S3 - S6 similarly fixthe level shift for portion  verses
substantially the entire supply range when 32.
[err] is greater than or equal to a specified mini- In addition to control
voltages [err] and [err], cur-   mum level; and rentcontrol 56 in Fig. 20
supplies control voltagesVcL      summing means (36) for combining the in-
and [err]. Signals [err] and [err] are generated at com-  50  ternal
signals to generate at least one circuit out- plementaryvalues to control
the level shiftfor portion  put signal ([err]); 30. Signals [err] and [err]
are likewise supplied at com-  characterized in that the circuit further
compris- plementary values to control the level shift for portion  es: 32.
However, signals [err] and [err] do not necessarily         level-shift
means (38,40,42,44) for selec- track signals [err] and [err]
55       tively causing the voltages at the first (P1) and While the
invention has been described with ref-    second (P2) input points to be
respectively higher erence to particular embodiments, this is solely for
than the first and second input voltages by re- the purpose of illustration
and is not to be construed  spective first (38) and second (40) voltage
level 8    15                  EP0382302B1                      16 shifts
and for selectively causing the voltages at       level-shift supply means
(46) for providing the third (P3) andfourth (P4) input points to be re-
current to the network means to control the val- spectively lower than the
first and second input    ues of the level shifts. voltages by respective
third (42) and fourth (44) voltage level shifts.                       5
8. A circuit as claimed in Claim 7, characterized in that the network means
comprises a first level- 2. A circuit as claimed in Claim 1, characterized
in    shift element(RI) coupled between thefirstinput 



that the level shifts (38,40,42,44) are provided at  terminal (T1) and the
first input point (P1), a sec- values adequate to reduce the specified
mini-       ond level-shiftelement (R2) coupled between the mum level of
[err] to a value below that which   10   second Input terminal (T2) and the
second Input wouldoccurif (a)thevoltagesatthefirst(Pl) and       point
(P2), a third level-shift element (R3) cou- third (P3) Input points were
always substantially   pled between the first input terminal (TI) and the
equal to the first input voltage and (b) the voltag-  third input point
(P3), and a fourth level-shift ele- es at the second (P2) and fourth (P4)
Input points  ment (R4) coupled between the second input ter- were always
substantially equal to the second in-  15  minal (T2) and the fourth input
point (P4). put voltage. 9. A circuit as claimed in Claim 8, characterized
in 3. A circuit as claimed in Claim 2, characterized in   that each
level-shift element comprises a resis- that the first means (30) is
operatively conductive  tor. when the magnitude of the difference between
20 [err] and the common-mode portion [err] of the      10. A circuit as
claimed in Claim 8, characterized in voltages at the first (P1) and second
(P2) Input    that the level-shift supply means comprises a points is
greater than or equal to a first threshold  first current source (S1)
coupled between the voltage VTAwhich can vary with [err]; and the sec-
first input point (P1) and the VHH source, a second ond means (32) is
operatively conductive when   25  current source (S2) coupled between the
second the magnitude of the difference between VHH and     input point (P2)
and the VHH source, a third cur- the common-mode portion [err] of the
voltages at     rent source (S3) coupled between the third input the third
(P3) and fourth (P4) input points is great-  point (P3) and the [err]
source, a fourth current er than or equal to a second threshold voltage
source (S4) coupled between the fourth input VTB which can vary with [err];
characterized in  30   point (P4) and the [err] source, and control means
that (a) the first (38) and second (40) voltage level  (56) for controlling
conduction of the current shifts are provided at values greater than or
sources. equal to [err] but less than VHH - VCM and (b) the third (42) and
fourth (44) voltage level  11. A circuit as claimed in Claim 10,
characterized in shifts are provided at values greater than or  35   that
the level-shift supply means (46) further In- equal to [err] but less than
[err]   dudes a fifth current source (S5) coupled be- tween the first input
terminal (T1) and the VHH 4. A circuit as claimed in Claim 3, characterized
in    source, a sixth current source (S6) coupled be- thatVTA and [err]
have respective minimumvalues       tween the second input terminal (T2)
and the VHH [err] and [err], characterized in that the value of  40
source, a seventh current source (S7) coupled the specified minimum level
of [err] is less than     between the first input terminal (TI) and the
[err] [err]                                         source, and an eighth
current source (S8) cou- pled between the second input terminal (T2) and 5.
A circuit as claimed In Claim 4, characterized in   the [err] source. that
the value of the specified minimum level for  45 [err] is greater than the
larger of [err] and [err].   12. A circuit as claimed In Claim 10 or 11,
character- ized in that each current source (SI ...S8) pro- 6. A circuit as
claimed in Claim 3, characterized In    vides progressively less current as
the power that (a) the first (38) and second (40) voltage level  supply
voltage [err] rises so as to gradually turn shifts are largely equal and
(b) the third (42) and   50  off the level-shift means. fourth (44) voltage
level shifts are largely equal. 13. A circuit as claimed in Claim 10,
characterized in 7. A circuit as claimed in any of the proceeding
that the control means (56) provides at least part Claims, characterized in
that the level-shift       of the current sources with a control signal
means comprises:                           55       ([err]) that, as a
function of [err] when [err] is network means, coupled between the in-
sufficiently low, gradually changes (a) from a first put terminals (T1, T2)
and the input points,        control level to a second control level in
afirstvol- (P11,P2,P3,P4) for providing the level shifts; and  tage
transition zone referenced to VHH and (b) 9    17
EP0382302B1                      18 from the second control level back to
the first           a second amplifying section (78) having a control level
in a second voltage transition zone   gain control terminal responsive to
the first am- referenced to [err].                                  plified
voltage for amplifying the difference be- tween the second operating
voltage and the sec- 14. A circuit as claimed in Claim 13, characterized in
5  ond reference voltage to produce the first control thatthe voltage
transition zones meeteach other.    signal. 15. A circuit as claimed in
Claim 14, characterized in  20. A circuit as claimed in Claim 17,
characterized in that the voltage transition zones shrink In size as  that
the generating means (54) comprises the 



[err] increases so that the difference between the   10  level-shift
elements, both differential means two control levels decreases.
(30,32), and the main supply means (34). 16. A circuit as claimed in Claim
13, characterized in  21. A circuit as claimed in Claim 20, characterized
in that the control means (56) (a) supplies the first  that the first and
second operating voltages are control signal ([err]) to the first (S1) and
second   15  largely the voltages at which the first and second (S2)
current sources, (b) generates a second        operating currents are
respectivelysupplied. control ([err]) signal having largely the opposite
variation as the first control signal, and (c) sup-  22. Acircuit as
claimed in any preceding Claim, char- plies the second control signal to
the third (S3)   acterized in that the first internal signals are dif- and
fourth (S4) current sources.            20      ferentially representative
of the circuit input sig- nal when the first means (30) is operatively con-
17. A circuit as claimed in Claim 13, characterized in  ductive; and the
second internal signals are dif- that the control means (56) comprises:
ferentially representative of the circuit input sig- generating means (54)
responsive to the        nal when the second means (32) is operatively
input voltages for producing first and second op-  25  conductive. erating
voltages that bear specific relationships to VCM;
23. Acircuitas claimed in any preceding Claim, char- first reference means
(62) for supplying a     acterized in that each of the first and second
first reference voltage that is referenced to [err] at  (30,32) means
comprises a pair of like- least when VPS is sufficiently small;       30
configured amplifiers, each amplifier having a second reference means (64)
for supply-        first flow electrode, a second flow electrode, and ing a
second reference voltage that is referenced   a control electrode for
regulating current trans- to [err] at least when [err] is sufficiently
small; and  mission between the flow electrodes, the ampli- linear means
(64,66) responsive to the op-    fiers (Q1,Q2) in the first means (30)
having (a) erating voltages and the reference voltages for  35  their
control electrodes respectively coupled to producing the first control
signal.                 the first (P1) and second (P2) input points, (b)
their first electrodes coupled together to receive 18. A circuit as claimed
in Claim 17, characterized In  the first operating current ([err]), and (c)
their sec- that the linear means (64,66) comprises:            ond
electrodes respectively coupled to the sum- a first amplifying section (66)
for amplify-  40  ming means (36) to supply the first internal cur- ing the
difference between the first operating vol-  rents, the amplifiers (Q3,Q4)
in the second tage and the first reference voltage to produce a   means
(32) having (a) their control electrodes re- first amplified voltage;
spectively coupled to the third (P3) and fourth a second amplifying section
(64) for am-       (P4) input points (b) theirfirst electrodes coupled
plifying the difference between the second oper-  45  together to receive
the second operating current ating voltage and the second reference voltage
to   ([err]), and (c) their second electrodes coupled to produce a second
amplified voltage; and             the summing means (36) to supply the
second in- AND/NAND means (68) for generating the         ternal current,
the amplifiers (Q3,Q4) in the sec- first control signal largelyas eitherthe
linearAND   ond means (32) being complementary to the am- of the amplified
voltages or the linear NAND of  50  plifiers (Q1,Q2) in the first means
(30). the amplified voltages. 24  A circuit as in Claim 23, charactrized in
that 19. A circuit as claimed in Claim 17, characterized in  charge
carriers that move between the flow elec- that the linear means comprises:
trodes of each amplifier originate at its first elec- a first amplifying
section (64) for amplify-  55  trode and terminate at its second electrode.
ing the difference between the first operating vol- tage and the first
reference voltage to produce a  25. A circuit as in Claim 24, characterized
in that each first amplified voltage; and                        amplifier
is a bipolar transistor having an emitter, 10    19                 EP 0
382 302 B1                20 a collector, and a base respectivelycoupled to
the  um selektivdafflrzu sorgen, daIdie Spannungen first, second, and
control electrodes of that am-  an dem ersten (P1) und an dem zweiten Ein-
plifier.                                          gangspunkt (P2) h8her als
die erste bzw. die zwelte Eingangsspannung sind, und zwar durch 5
entsprechende Pegelverschiebungen der ersten Patentansprfiche
(38) und der zweiten Spannung (40), und um se- lektiv daffir zu sorgen,
daRB die Spannungen an 1. Elektronische Schaltung zur Verstarkung eines
dem dritten (P3) und an dem vierten Eingangs- Schaltungs-Eingangssignals,
das differentlell     punkt (P4) niedriger als die erste bzw. die zweite
zwischen elnem ersten (TI) und einem zweiten  1o  Eingangsspannung sind,
und zwar durch ent- Eingangsanschlul3 (T2) als erste (VI,) bzw. als
sprechende Pegelverschiebungen der dritten 



zweite Eingangsspannung (Va2) anliegt, wobei die  (42) und der vierten
Spannung (44). Schaltung folgendes enthalt eine Hauptatromversorgung (34),
die zwi-  2. Schaltung nach Anspruch 1, dadurch gekenn- schen die
jeweiligen Quellen einer hohen Versor-  15  zeichnet, dal die
Pegelverschiebungen (38, 40, gungespannung VHH und einer niedrigen Versor-
42,44) mt Werten geschaffen werden, die geeig- gungsspannung VLL geschaltet
ist, deren Diffe-    net sind, um den minimalen Pegel von Vm auf ei- renz
eine Versorgungsspannung Vp8 ist, die ei-    nen Wert zu reduzieren, der
Ideiner lst als dede- nen Versorgungsspannungsbereich definiert, um
nige, welcher vorliegen wulrde, wenn (a) die einen ersten (IA) und einen
zweiten Arbeitsstrom   20  Spannungen an dem ersten (P1) und an dern drit-
(IB) zu liefern, die einanderentgegengesetztsind;  ten Eingangspunkt (P3)
immer im wesentlichen erstb Mittel (30) zum Verstirken der Span-  gleich
der ersten Eingangsspannung waren und nungsdifferenz zwischen dem ersten
(P1) und       wenn (b) die Spannungen an dem zweiten (P2) dem zweiten
Eingangspunkt (P2) durch weitge-      und an dern vierten Eingangspunkt
(P4) immer im hendes Aufteilen des ersten Arbeitsstroms (IA) in  25
wesentlichen gleich der zwelten Eingangsspan- ein Paar verstarkter erster
interner Signale, wo-  nung waren. bei der erste (P1) und der zweite
Elngangspunkt (P2) mit elnem ersten (TI) bzw. mit einem zwei-  3. Schaltung
nach Anspruch 2, dadurch gekenn- ten Eingangsanschlull (T2) verbunden sind,
und    zeichnet, daB das erste Mittel (30) im Betrieb lei- wobei die erstan
Mittel (30) im Betrieb leitend   30  tend ist, wenn die GrlSe der Differenz
zwischen sind, urn somit die ersten internen Eingangssl-   VLL und dem
Gleichtaktanteil VCMA der Spannun- gnate zu erzeugen, wenn die
Gleichtaktspan-       gen an dem ersten (P1) und an dem zweiten Emn- nung
VCM des Schaltungs-Eingangssignals in ei-    gangspunkt (P2) grofer oder
glelch einer ersten nem Tell des Versorgungsbereiches liegt, der
Schwellenspannung VTA ist, die mit Vps schwan- sich bis VHH erstreckt;
35      ken kann; und daB das zweite Mittel (32) Im Be- zwelte Mittel (32)
zum Verstarken der       trieb leitend ist, wenn die GrO8e der Differenz
Spannungsdifferenz zwischen dem dritten (Pa)      zwischen VHH und dem
Gleichtaktanteil VCMB der und dem vierten Elngangspunkt (P4) durch weit-
Spannungen an dem drittbn (P3) und an dem gehendes Aufteilen des zweiten
Arbeitsstroms      vierten Eingangspunkt (P4) grO6erodergleich ei- (IB) in
ein Paar verstarkter zweiter Interner Signs-  40  ner zweibtn
Schwellenspannung VTB ist, die mit le, wobei der dritte (P3) und der vierte
Eingangs-  Vps schwanken kann; dadurch gekenn- zeichnet, punkt (P4) mit dem
ersten (TI) bzw. mit dem       dal& (a) die erste (38) und die zweite
Spannungs- zweiten EingangsanschluB (T2) verbunden sind,
pegelverschiebung (40) mit Werten geschaffen und wobei die weiten Mittel
(32) im Betrieb lei-  werden, die gr5Ber oder gleich VTA - VCM + VLL tend
sind, urn somit die zweiten internen Signals  45  sind, aber Ideiner als
VHH - VCM und daB (b) die zu erzeugen, wenn VCM in elnem Tell des Versor-
dritte (42) und die vierte Spannungspegelver- gungsbereiches liegt, der
sich bis V/L erstreckt,  schiebung (44) mit Werten geschaffen werden, so
dall mindestens elnes derdifferentiellen Mittel  die gr6Ber oder gleich VTr
+ VCM - VHH sind, aber im Betrieb leisnd ist, wenn VCM im wesentlichen
kieiner als VCM - VLL. den gesamten Versorgungsbereich durchquert,  co
wennVm grlSeroderglelcheinem speziflzierten   4. Schaltung nach Anspruch 3,
dadurch gekenn- Mindestpegel ist und                              zeichnet,
daB VTA und VYB die Mindestwerte VMA Summiermittel (36) zurn Kombinieren
der     bzw. VMB haben, die dadurch gakennzeichnet internen Signal., um
mindestens ein Schaltungs-   sind, dall derWert des spezifizierten
Mindestpe- Ausgangssignal (IO) zu erzeugen; dadurch ge-  55  gels von Vps
kleiner lst als VMA + VMB. kennzeichnet, daB die Schaltung welterhin fol-
gendes urnfa~t.                               5. Schaltung nach Anspruch 4,
dadurch gekenn- Pegelverschiebungsmittel (38,40,42,44),     zeichnet, daB
der Wert des spezifizierten Min- 11 I11111111111111111111111 1111I il *   C
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destpegels fur Vp groger lst ala der grMere der  Versorgungsmittel (46)
welterhin elne fOnfte Werte VmA und VM3.
Stromquelle (S5) enthalt, die zwischen den er- sten EingangsanschluM (T1)
und die VHWrQuSIIe 6. Schaltung nach Anspruch 3, dadurch gekenn-
geschaltet let, eine sechets Stromquelle (S6), die zeichnet, daB (a) die
erste (38) und die zweite   5  zwischen den zweiten Eingangsanschlull (T2)
Spannungspegelverschiebung (40) weltgehend       und die VHH-QueIIe
geschaltet ist, eine slebente gleich sind und dag (b) die dritte (42) und
die vier-  Stromquelle (8), die zwischen den ersten En- te
Spannungspegelverschlebung (44) weitge-       gangsanschlull (TI) und die
VLL-Quelle geschal- hend gleich sind.                                tet
ist, und eine achte Stromquelle (S8), die zwi- 10     schen den zweiten
Eingangspunkt (T2) und die 



7. Schaltung nach einern der vorhergehenden An-     Vi-Quelle geschaltet
lst. sprOche, dadurch gekennzeichnet, dag das Pe- gelverschiebungsmittel
folgendes enthalt:     12. Schaltung nach Anspruch 10 oder 11, dadurch
Netzwerkmittel, das zwischen die Ein-       gekennzeichnet, dad jede
Stromquelle (SI . gangsanschlisse (TI, T2) und die Eingangs-  15   SS)
Immer weniger Strom liefert, wenn die Ver- punkte (P1, P2, P3, P4)
geschaltet !st, um fOr die  sorgungsspannung Vps ansteigt, um somit die
Pegelverschbebungen zu sorgen; und               Pegelverschiebungamittel
nach und nach auszu- Pegelverschiebungs-Versorgungsmitel         schalten.
(46) zum Llefern des Stroms an das Netzwerk- mittel, um
dieWertsderPegelverschiebungenzu   20  13. Schaltung nach Anspruch 10,
dadurch gekenn- stbuern.                                         zeichnet,
daM das Stuermittel (56) zumindestei- nen Tell derStromquellen miteinem
Steuersignal 8. Schaltung nach Anspruch 7, dadurch gekenn-       (VCM, VcL3
versorgt, das in AbhAngigkeit von VcM, zeichnet, daB das Netzwerknittel ein
erstes Pe-  wenn Vp8 genfigend niedrig ist, allmahlich (a) von
gelverschiebungeelement (RI) enthalt, das zwi-  25  einem ersten
Steuerpegel auf elnen zweiten schen den ersten EingangsanschluB (TI) und
Steuerpegel In  einer ersten  Spannungs- den ersten Eingangspunkt (P1)
geschaltet ist, ein  Obergangszone wechselt, die auf VHH bezogen zweites
Pegelverschlebungselement (R2), das      ist, und (b) von elnem zweiten
Steuerpegel zu- zwischen den zweiten Elngangsanschlug (T2)      rMck zu dem
ersten Steuerpegel in einer zwelten und den zwelten Eingangspunkt (P2)
geschaltet  30  Spannungs-Obergangszone wechselt, die auf let, emn drittes
Pegelverschiebungselement (R3),  VLL bezogen ist. das zwischen den ersten
EingangsnschluB (TI) und den dritten Eingangspunkt (P3) geschaltet  14.
Schaltung nach Anspruch 13, dadurch gekenn- lst, und ein viertes
Pegelverschiebungselement   zeichnet, daB die Spannungs-Obergangszonen
(R4), des zwischen den zweiten Eingangsan-  95   einander berulhren. schluB
(T2) und den vierten Eingangspunkt (P4) geschaltet ist.
15. Schaltung nach Anspruch 14, dadurch gekenn- zeichnet, dai die GrWSe der
Spannungs- 9. Schaltung nach Anspruch 8, dadurch gekenn-
[ibergangszonen abnimmt, wenn Vps ansteigt, zeichnet, dal jedes
Pegelverschiebungselement  40  SO daB die Differenz zwIschen den beiden
Steu- einen Widerstand enthilt.                        erpegein kielner
wird. 10. Schaltung nach Anspruch 8, dadurch gekenn-   18. Schaltung nach
Anspruch 13, dadurch gekenn- zeichnet,  daM  das  Pegelverschiebungs-
zeichnet, dal das Steuermittel (56) (a) das erste Versorgungsmittel elne
erste Stromquelle (SI)  45  Steuersignal (Vcm) der ersten (S1) und derzwei-
enthalt, die zwischen den ersten Eingangspunkt   ten Stromquelle (S2)
zufuhrt (b) eln zweites (P1) und die VHH-Quelle geschaltet let, elne zwei-
Steuersignal (VcL) erzeugt, das weitgehend ent- te Stromquelle (S2), die
zwischen den zweiten    gegengesetzt  zum   ersten   Steuersignal
Eingangspunkt (P2) und die VHH-Quelle geschal-   schwankt, und (d) das
zweite Steuersignal der tet ist, eine dritte Stromquelle (83), die zwischen
50  dritten (S3) und der vierten Stromquelle (S4) zu- den dritten
Eingangspunkt (P3) und die VL-Quel-  fflhrt. le geschaltet bt, eine vierte
Stromquelle (S4), die zwlschen den vierten Eingangspunkt(P4) und die  17.
Schaltung nach Anspruch 13, dadurch gekenn- VLVQuelle geschaltet ist, und
ein Steuermittel   zelchnet, daB das Steuermittel (56) folgendes (56) zum
Stbuern der Leitung der Stromquellen.  55  urnfalt: Erzeugungsmittel (54),
die auf die Ein- 11. Schaltung nach Anspruch 10, dadurch gekenn-
gangsspannungen reagieren, um sine erste und zeichnet, dail daB des
Pegelverschiebungs-       eine zwelte Arbeitsspannung zu erzeugen, die in
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24 einem bestimmten Zusammenhang mit VCM ste-        gelieffert werden.
hen; erste Referenzmittl (82) zum Uefern ei-  22. Schaltung nach einem der
vorhergehenden An- ner ersten Referenzspannung, die auf VaL bezo-
sprfche, dadurch gskennzeichnet, daB die er- gen ist, zumindest wenn Vps
ausreichend klein   5  sten internen Signals differentiell fOr das ist;
Schaltungs-Eingangsslgnal reprisentativ sind, zwelts Referenzmittel (84)
zum Uefern si-    wenn des erste Mittel (30) im Betrieb leistnd ist; ner
zweiten Referenzspannung, die auf VHH be-     und dae die zweiten internen
Signals differentiell zogen ist, zurnindest wenn Vp8 ausreichend kMein
fulrdas Schaltungs-Eingangssignal reprasentativ ist;
10      slnd, wenn das zweite Mittel (32) im Betrieb lei- lineare Mittel
(64, 88), des auf die Arbelts-  tend let 



spannungen und die Referenzspannungen rea- giert, um dis erste Stbuersignal
zu erzeugen.  23. Schaltung nach einem der vorhergehenden An- sprflche,
dadurch gekennzeichnet, daBjedes von 1& Schaltung nach Anspruch 17, dadurch
gekenn-  15    dem ersten und dem zwelten Mittel (30, 32) sin zeichnet, dae
das lineare Mittel (64, 66) folgen-  Pair gleich konfigurierte Verstarker
enthalt, wo- des enthalt:                                      be! Jeder
Verstarker sine erets Leitungselektro- eonen ersten verstarkenden Teil (88)
zur     de, sine zweibt Leitungselektrode und sine Steu- Verstarkung der
Differenz zwIechen der ersten     erelektrode zur Regullerung der
Stromiibertra- Arbeltsspannung und der ersten Referenzspan-  20  gung
zwischen den Leltungselektroden besitzt, vg.     nung, urn sine erste
verstirkte Spannung zu er-   (a) die Steuerelektroden der Verstirker (01,
Q2) zeugen;                                           In dem ersten Mittel
(30) miltdem ersten (P1) bzw. einen zweiten verstarkenden Teil (84) zur
mit dem zweiten Eingangspunkt (P2) verbunden Verstirkung der Differenz
zwischen der zweiten    sind, (b) die ersten Elektroden dieser Verstirker
Arbeitsepannung und derzweiten Referenzspan-  25  (01, 02)
miteinanderverbunden sind, urn den er- nung, um sine zweite verstirkbt
Spannung zu er-  setn Arbeitestrom (IA) zu erhalten, und (c) die zeugen;
und                                       zweitsn Elektroden dieser
Verstarker (01, 02) UND/NICHT-UND-Mittbl (68) zum Erzeu-         mit dem
Summiermittel (38) verbunden sind, um gen des ersten Steuersignals im
wesentlichen      die ersten internen Strome zu liefern, und wobei entweder
als lineare UND-Verkniupfung der ver-  9o  (a) die Steuerelektroden
derVerstarker (03, Q4) stirktbn Spannungen oder als lineare NICHT-       in
dem zweiten Mittel (32) mit dem dritten (P3) UND-Verknflpfung
derverstirkten Spannungen.       bzw. mitdemvierten
Eingangspunkt(P4)verbun- den sind, (b) die ersten Elektroden dieser Ver-
19. Schaltung nach Anspruch 17, dadurch gekenn-      stirker (03,04)
mitbinanderverbunden sind, um zeichnet, daB dis lineare Mittel folgendes
ent-  35  den zweistnArbeltestrom (I.) zu erhalten, und (c) hilt:
die zweiten Elektroden dieser Verstfirker (Q3, einen ersten verstfirkenden
Tell (64) zur    Q4) mit dem Summlermittbl (38) verbunden sind, Verstirkung
der Differenz zwischen der ersten     um den zweiten internen Strom zu
liefern, wobei Arbeitsspannung und der ersten Referenzspan-      die
Verstirker(03,04) In dem zweitsn Mittel (32) nung, um sine erste verstarkte
Spannung zu er-  40  komplementir zu den Verstirkern (Q1, Q2) in zeugen;
und                                       dem ersten Mittel (30) sind.
einen zweitsn verstirkenden Teil (78) mit sinem
Verstirkungs-Steueranschlug, der auf die  24. Schaltung nach Anspruch 23,
dadurch gekenn- erste verstirkte Spannung reagiert, zur Verstar-  zeichnet,
deal Ladungstrager, die sich zwischen kung derDifferenzzwischen derzweiten
Arbeits-  45  den Leitungselektroden jedes Verstirkers bewe spannung und
der zweiten Referenzspannung,        gen, ihren Ursprung bei seiner ersten
Leitungs- urn dis erste Steuersignal zu erzeugen.           elektrode haben
und ihr Ziel bei seiner zweiten Leitungselektrode erreichen. 20. Schaltung
nach Anspruch 17, dadurch gekenn- zeichnet, daB das Erzeugungsmittbl (54)
die Pe-  50  25 Schaltung nach Anspruch 24, dadurch gekenn-
gslverschisbungselementb, beide differentiellen   zeichnet, dal jeder
Verstarker sin Bipolartransi- Mittel (30, 32) und das
Hauptversorgunngsmittbl   etor mit sinem Emitter, einem Kollektor und einer
(34) enthalt.                                     Basis lt, die mit der
ersten und der zweiten Lei- tungselektrode bzw. mit der Steuerelektrode
die- 21. Schaltung nach Anspruch 20, dadurch gekenn-  55   sen Verstirkers
verbunden sind. zeichnet, dag die erste und die zweite Arbeits- spannung im
wesentlichen die Spannungen sind, bei denen der erste bzw. der zweltb
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et ayant pour effet, do maniere silective, que les tensions du troisibme
(P3) et du quatrieme (P4) 1. Circuit electronique pour I'amplification d'un
si-  point d'entree soient superieures, respective- gnal d'entree fourni de
maniere differentielle en-  ment, A la premiere et A la seconds tension
d'en- tre une premlire (T1) et une seconds (T2) borne   5  trie,
respectivement, d'un troisibme (42) et d'un d'entrie, respectivement, comme
premiere (VI,)    quatrieme (44) decalage de niveau de tension. et seconds
(VI2) tension d'entree, le circuit compronant:
2. Circuit suivant la revendication 1, caracterise en une alimentation
principals (34), couplie   ce quo les decalages de niveau (38, 40, 42, 44)
entre des sources respectives d'une tension hau-  1o  sont fournis A des
valeurs appropri6es pour re- 



te VHH et d'une tension basse VL, dont la diffi-  duire Is niveau minimum
specifie de Vps A une rence est une tension d'alimentation Vp8 qui de-
valour inferieure a cello qui se produirait si (a) les finit une plage de
tensions d'allmentation, pourla  tensions au premier (P1) et au second (P2)
point fourniture d'un premier (IA) et d'un second (IB)  d'entree etaient
toujours pratiquement egales A courant de fonctionnement opposes;       15
la premibre tension d'entrie et (b) les tensions au un premier moyen (30)
pour l'ampllfication  troisieme (P3) et au quatrieme (P4) point d'en- de la
difference de tension entre un premier (P1)  troe italent toujours
pratiquement igales A la se- et un second (P2) point d'entree par division
ap-  conde tension d'entree. proximative du premier courant de fonctionne-
ment (IA) en une pairs de premiers signaux inter-  20  3. Circuit suivant
la revendication 2, caracterise en nes amplifies, le premier (P1) et le
second (P2)  ce quo le premier moyen (30) est opirationnelle- point
d'entree itantcouplis, respectivement, A la  ment conducteur lorsque
l'amplitude de la diffe- premiere (TI) et a la seconde (T2) borne d'en-
rence entre VLL et la partle de mode commun trie, Is premier moyen (30)
itant opirationnelle-  VCMA des tensions au premier (P1) et au second ment
conductbur afin de produire ainsi les pre-  25  (P2) point d'entree est
supirieure ou igale A une miers signaux internes lorsque la tension de
premiere tension de seull VTA, qui pout varier mode commun VCM du signal
d'entree du circuit     avec Vps; et le second moyen (32) est opiration-
est dane une partle de la plage d'alimentation    nellement conducteur
lorsque l'amplitude de la S'itendantjusqu'A VHH;
difference entre VHH et la partle de mode un second moyen (32) pour
l'amplification   3o  commun VCMB des tensions au troisieme (P3) et de la
diffirence de tension entre un troisieme    au quatrieme (P4) point
d'entrie est supeiteure (P3) et un quatrieme (P4) point d'entrio par divi-
ou igale A une seconds tension do seull VTB, qui sion approximative du
second courant de fonc-     pout varier avec Vp8, caractirise en ce que (a)
Is tionnement (1B) en une pairs de seconds signaux   premier(38) et le
second (40) dicalage de niveau intbrnes amplifiis, le troisieme (P3) et le
quatrie-  35  de tension sontfournis A des valours superieures me (P4)
point d'entrie etant couplis, respective-  ou egales AVTA- VcM + VLL, mais
lnfirieures AVHH ment, A la premiere (T) eta la seconde (T2) bor-  - VCM et
(b) le troisieme (42) et Is quatrieme (44) ne d'entrie, le second moyen
(32) itant opera-    dicalage de niveau de tension sont fournis A des
tionnellement conductbur afin de produire ainsi   valours superieures ou
igales A VTB + VCM - VHH, les seconds signaux internes lorsque VCM eat  40
mais VCM - VLL. dans une partie de la plage d'alimentation s'ien- dant vers
Is bas jusqu'A V, tells qu'au molns un  4. Circuit suivant la revendication
3, caractirise en des moyens differentiels est opirationnellement   ce quo
VTA etVTB ont des valeurs minimums res- conducteur pendant quo VCM traverse
pratique-     pectives VMA et VMB, caractirisi en ce que la va- ment la
plage d'alimentation entibre lorsque Vps  45  leur du niveau minimum
spicifie pour Vp8 est in- est supbrieure ou igale A un niveau minimum
ferieure A VMA + VMB. spicif 16; et un moyen de sommation (38) pour la
5. Circuit suivant la revendication 4, caractirisi en combinalson des
signaux internes afin de gine-    ce que lavaleurdu niveau minimum spicifii
pour rerau moins un signal de sortie (lo) du circuit, ca-  5o  Vps est
superieure ou egale A VMA et VMB. racterisi en ce que le circuit comprend
en plus: des moyens de dicalage de niveau (38,    6. Circuit suivant la
revendication 3, caractirisi en 40,42,44) ayant pour effet, de maniere
ealective,  ce que (a) Is premier (38) et le second (40) dica- que les
tensions du premier (P1) et du second    lage de niveau de tension sont
essentlellement (P2) point d'entrie soient superieures, respecti-  55
igaux et (b) le troisbme (42) et le quatrieme (44) vement, A la premlere et
A la seconds tension     dicalage de niveau de tension sont essentielle-
d'entrie, respectivement, d'un premier (38) et    ment igaux. d'un second
(40) decalage de niveau de tension 14 I1111111 Ill 111111 11111 Hl 11111
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l'une quolconque des revendica-  (SI, ..., S8) fournit progressivement
moins de tions precedentbs, caracterise en co quo le      courant lorsque
la tension d'alimentation Vps moyen de decalage de niveau comprend:
augmente, de fagon A mettre graduellement hors un moyen de secteur, couple
entre les bor-  service les moyens de decalage de niveau. nes d'entree (T1,
T2) et les points d'entreo (P1,   s P2, P3, P4) afin de fournir les
decalages de ni-  13. Circuit suivant la revendication 10, caracteris en
veau; et                                         co que le moyen de
commando (56) fournit au un moyen d'alimentation (46) de dhcalage    molns
A une partle des sources de courant un si- de niveau pour fournir le
courant au moyen de    gnal de commando (VcH, Vc) qui, lorsque Vps est
secteurafin de commanderles valeurs des deca-  lo  suffisamment basse,
change graduellement on 



lages de niveau.                                 fonction de VcM (a) d'un
premier niveau de commando vers un second niveau de commando 8. Circuit
suivant la revendication 7, caracterise en  dans une premibre zone de
transition de tension ce quo le moyen de secteur comprend un premier
referencee par rapport A VHH et (b) du second ni- element de decalage de
niveau (RI) couple entre  15  veau de commando on retour vers le premier
ni- la premiere borne d'entree (TI) et le premier    veau de commando dans
une seconde zone de point d'entree (P1), un second element de deca-
transition de tension referencee par rapport A lage de niveau (R2) couple
entre la seconds bor-  VLL. ne d'entree (T2) et le second point d'entree
(P2), un troisibme element de decalage de niveau (R3)  20  14.
Circuitsuivant la rovendication 13, caracterise en couple entre la premiere
borne d'entree (T1) et le  ce quo les zones de transition de tension so
tou- trolsibme point d'entreo (P3), et un quatrieme   chent mutuellement.
element de decalage de niveau (R4) couple entre la deuxibme borne d'entree
(T2) at le quatrieme  15. Circuitsulvant la revendicatlon 14, caracterise
en point d'entree (P4).                     25      co quo les zones de
transition de tension dimi- nuent de taille lorsque Vps augmentb de sorte
9. Circuit suivant la revendication 8, caractrise on  quo la difference
entre les deux niveaux de ce quo chaque element de decalage de niveau
commando diminue. comprend une resistance. 30  16. Circuitsuivant la
revendication 13, caracterise en 10. Circuit suivant la revendication 8,
caracterise en  ce que le moyen de commando (56) (a) fournit le ce que le
moyen d'allmentation de decalage de    premier signal de commande (VcH) A
la premiere niveau comprend une premiere source de cou-      (SI) ot A la
seconde (S2) source de courant, (b) rant (SI) couplee entre le premier
point d'entreo  genbre un second signal de commando (Vc) va- (P1) et la
source VHH, une seconde source de  35  riant essentiellement de maniere
opposee au courant (S2) couplee entre le second point d'en-  premier signal
de commando, et (c) fournit le se- tree (P2) et la source VHH, une
troisiAme source  cond signal de commando A la troisieme (83) et de courant
(S3) couplee entre le troisieme point  A la quatrieme (S4) source de
courant. d'entree (P3) et la source VLL, une quatriime source de courant
(S4) couplee entre le quatrie-  40  17. Circuit suivant la revendication
13, caracterise en me point d'entree (P4) et la source VL, et un    ce quo
le moyen de commando (56) comprend: moyen de commando (56) pour commander
la              un moyen de generation (54) sensible aux conduction des
sources de courant.               tensions d'entree afin de produire la
premiere et la secondo tension de fonctionnement en relation 11. Circuit
suivant la revendicatlon 10, caracterise en  45  speciflque par rapport a
VCM; ce quo le moyen d'alimentation de decalage de         un premier moyen
de reference (62) pour niveau (46) comprend en plus une cinquieme
fournir une premibre tension de rhference qui est source de courant (85)
couplee entre Ia premiere  referencee par rapport A V1L au moins lorsque
borne d'entree (TI) et Ia source VHH, une sixieme  Vp8 est suffisamment
petite; source de courant (S6) couplee entre la seconds  5o   un second
moyen de reference (64) pour borne d'entreo (T2) et la source VHH, une
septie-  fournir une secondo tension de reference qui est me source de
courant (87) couplbe entre la pre-  referencee par rapport A VHH, au moins
lorsque miere borne d'entree (T1) et la source VLL, et une  Vp8 est
suffisamment petite; et huitieme source de courant (S8) couplee entre la
un moyen lineaire (64, 66) sensible aux seconde borne d'entree (T2) et la
source VLL.    55  tensions de fonctionnement et aux tensions de reterence
afin de produire Is premier signal de 12. Circuit suivant la revendication
10 ou 11, carac-  commando. terise en ce quo chaque source de courant 15 I
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30 18. Circuit suivant Ia revendication 17, caractdris ean  une pair
d'amplificatburs de mime configura- ce qua le moyen lineaire (64, 66)
comprend:       tion, chaque ampificateur ayant une premiere une premlire
section d'amplification (66)    electrode de courant, une seconds electrode
de pour amplifier la difference entre la premibre ten-  courant, et une
electrodo de commando pour re- sion de foncbtionnement et la premiere
tension de   5  guler la transmission du courant entre les lec- refrence
afin de produire une premiere tension     trodes de courant, les
amplificateurs (Q1, 02) du amplifiea;
premier moyen (30) ayant (a) leurs elActrodes de une seconda section
d'amplification (64)     commando respectivement coupieas au premier pour
amplifier la differenceentre la seconds tan-  (P1) et au second (P2) point
d'entree, (b) leurs sion de fonctionnement at la seconda tension de   10
premieres electrodes couplees entre elles af in 



referenoe afin de produirs une seconds tension     de recevoirle premier
courant de fonctionnement amplifide; et
(1A) et (c) leurs secondes eilectrodes respective- un moyen ETINON-ET (68)
Wfin de gene-        ment coupiles au moyen d'addition (36) Wfin de rer le
premier signal de commando essentielle-    fournir les premiers courants
internes, les ampli- ment, soft comma ET linialre des tensions ampli-  15
ficateurs (Q3, Q4) du second moyen (32) ayant fiees, soit comma NON-ET
liniaire des tensions     (a) leurs electrodes de commando respective-
amplifiees.                                        ment couplies au
troisibme (P3) et au quatrieme (P4) point d'entrde, (b) leurs premibres
alectro- 19. Circuit suivantla revendication 17, caractirise en  des
couplies entre elles Wfin de recevoir le se- co qua le moyen lineaire
comprend:         20      cond courant de fonctionnement (IB), et (c) leurs
une premibre section d'amplification (64)    secondes 6lectrodes coupieos
au moyen d'addl- pouramplifier la difference entre la premibre ten-  tion
(36) afin de fournir les seconds courants in- sion de fonctionnement etla
premibre tension de    ternes, les amplificateurs (03, Q4) du second
rifirence afin de produire une premibre tension    moyen (32) itant
complimentaires des ampplifi- amplifile; et                              25
cateurs (Q1, Q2) du premier moyen (30). une seconds section d'amplification
(78) ayant une borne de commande de gain sensible   24. Circuit suivant la
revendication 23, caractirisi en Ala premibre tension amplifie afin
d'ampiifierla   co qua les porteurs de charge qui so deplacent difference
entre la seconds tension de fonction-   entre leas electrodes de courant de
chaque ampli- nement et la seconde tension de riference afin  30  ficateur
proviennent de sa premibre ilectrode et de produire Is premier signal de
commando.         aboutissent A sa seconds lectrode. 20. Circuitsulvantla
revendication 17, caractirisi en  25. Circuitsulvantla revendication 24,
caractirise en co qua le moyen de generation (54) comprend les    co qua
chaque amplificatbur est un transistor bi- Alements de decalage de niveau,
les deux   35      polaire ayant un imetteur, un collecteur et une moyens
diffirentiols (30, 32), et I'alimentation   base respectivement connectis A
la premibre princdpale (34).                                   ilectrode, A
la seconde elActrode et A ilectrode de commande de cot amplificateur. 21.
Circuit suivantla revendication 20, caracterisi en ce qua la premiere et la
seconds tension de fonc-  4o tionnement sont essentielloment ies tensions
auxquelles le premier et le second courant de fonctionnement sont,
respectivement, fournis. 22. Circuit suivant l'une quelconque des
revendica-  45 tions pricidentes, caractirise en ce quo lesa pre- miers
signaux internes sont representatifs de manibre diffirentiblie du signal
d'entrie de cir- cuit lorsque le premier moyen (30) eat opiration-
nellement conducteur; et les seconds signaux in-  5o trnes sont
representatifs de manibre diffiren- tielle du signal d'entrie de circuit
lorsque le se- cond moyen (32) eat operationnellement conduco- teur. 55 2S.
Circuit suivant I'une quelconque des revendica- tions precidentes,
caractirisi en ce qua chacun des premleratsecond moyens (30,32) comprend 16


