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differential portions thatwork as a unitto achieve rail- to-rail Input
capability. FIELD OF USE BACKGROUND ART This Invention relates to
differential amplifiers   5 that can be made in semiconductor integrated
circuit    A differential amplifier formed as part of an inte- form and,
more specifically, to an electronic circuit,  grated
circuitoftenutilizesalowpowersupplyvoltage coupled between sources of a
first supplyvoltage and  in amplifying a differential input signal. This
severely a second supply voltage whose difference is a power  constrains
the voltage range of the common-mode supplyvoltage that
definesasupplyvoltage range, for  10  portion of the input signal.
Consequently, it Is desir- amplifying an input signal differentially
provided be-  able that the amplifier have rail-to-rail input capabili-
tween first and second Input terminals, the circuit  ty. That is, the
amplified output signal should be rep- comprising:
resentative of the input signal as its common-mode first differential means
for amplifying the input  voltage travels the full range of the power
supply vol- signal when its common-mode voltage [err] is in a part  15
tage. of the supply range extending to the second supply      U.S. Patent
4,555,673 describes several embodi- voltage, the first differential means
comprising like-  ments of a differential amplifier that uses comple-
configured first and second input amplifiers of a first  mentary pairs of
input transistors to attain rail-to-rail polarity type, the first and
second amplifiers having  input capability. Referring to the drawings,
Fig.1 illus- respective control electrodes coupled respectively to  20
trates one of the bipolar embodiments disclosed in the first and second
input terminals, respective first  U.S. Patent 4,555,673. This device
amplifies an input flow electrodes coupled to afirstsupply point, and re-
signal differentially supplied between input terminals spective second flow
electrodes coupled respectively  [err], and [err] as inputvoltages [err]
and [err]. The common- to first and second output terminals;
mode voltage [err] of the input signal is ([err] second differential means
for amplifying the   25  The device in Fig. I Is connected between a input
signal when [err] is in a part of the supply range  source of a high supply
voltage [err] (the high rail) and extending to the first supply voltage,
the two parts of  a source of a low supply voltage [err]  (the low rail).
The the supply range partially overlapping, the second  voltage difference
[err] is the overall power sup- differential means comprising (a) like
configured third  ply voltage [err] for the amplifier. [err] is somewhat
and fourth input amplifiers of a second polarity type   30   greater than
2VBE, where VBE is the absolute value of opposite to the first polarity
type, the third and fourth  the standard voltage across the
base-emitterjunction input amplifiers having respective control electrodes
of a bipolar transistor when it is just turned on. [err] is coupled
respectively to the first and second input ter-  about 0.6 - 0.8 volt.
minals, respective first flow electrodes coupled re-    The amplifier
contains a main current source 6 spectively to first and second nodes, and
respective   35  connected between a supply point P1 and the [err] second
flow electrodes coupled to the source of the  supply. Current source 6
provides a main supply cur- first supply voltage, (b)  a first current
supply coupled  rent [err] for a pair of differential amplifying portions 8
between the first node and the source of the second  and 10. The circuit in
Fig. 1 largely divides current [err] supply voltage, (c) a second current
supply coupled  into operating currents [err] and [err]. between the second
node and the source of the sec-  40  Differential portion 8 consists of NPN
input tran- ond supply voltage, and (d) like-configured fifth and  sistors
Q1 and Q2 that enable the amplifier to per- sixth amplifiers of the first
polarity type, the fifth and  form signal amplification up to the high
rail. Voltages sixth amplifiers having respective control electrodes  [err]
and [err] are provided to the bases of transistors Q1 coupled respectively
to the first and second nodes,  and Q2. Their emitters are connected
together at respective first flow electrodes coupled to a second   45
point P1 to receive operating current [err]. When the in- supply point, and
respective second flow electrodes  put common-mode voltage [err] is in a
part of the [err] coupled respectively to the first and second output
range extending from VHH down to a prescribed vol- terminals;
tage greater than [err] transistors Q1 and Q2 amplify a main current supply
coupled between the     the input signal by largely dividing current [err]
into in- firstsupply point and the source ofthefirstsupplyvol-  50
termediate currents [err] and [err] whose difference is rep- tage; and
resentative of the input signal. a control amplifier of thefirst polarity
type, the  Differential portion 10 contains a voltage level- control
amplifier having a control electrode for receiv-  shift circuit 12 that
translates the input signal into a ing a control voltage a first flow
electrode coupled to  shifted differential signal whose common-mode vol-
the first supply point, and a second flow electrode   55  tage is at least
[err] higher than [err]. Level-shift cir- coupled to the second supply
point. Such an electron-  cult 12 centers around PNP input transistors Q3
and ic circuit is known from U.S. Patent 4,555,673 and is  Q4 that enable
the amplifier to provide signal ampli- a differential amplifier formed with
a pair of parallel  fication down to the low rail. Voltages [err] and [err]
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supplied to the bases of transistors  Q3 and Q4. Their  subrange extending
from [err] to [err] + [err] in collectors are tied to the [err] supply.
which transistor QN progressively steers supply cur- The emitters of
transistors Q3 and Q4 are cou-  rent [err] awayfrom portion 10 and to
portion 8. Transis- pled through level-shift resistors RL1 and RL2 to  tors
Q5 and Q6 turn progressively off as transistors nodes N1 and N2 at which
the shifted differential sig-   5   Q1 and Q2 turn progressively on. nal is
supplied. The Q3 and Q4 base-emitterjunctions   The differential amplifier
finally goes through a provide the [err] part of the level shift. Resistors
RL1  high subrange extending from [err] to [err] in and RL2 augment the
level shift beyond [err] as nec-  which portion 8 provides all of the
signal amplifica- essary.                                             tion.
Transistors Q1 and Q2 are turned fully on. Tran- Current sources 16 and 18
provide supply cur-  10  sistors Q5 and Q6 are non-conductive so that
portion rents [err] and [err] for the level shifting. Current source  10 is
thus turned off. If [err] gets sufficiently close to 16 is connected
between node N1 and the VHH SUP-    VHH, transistors Q3 and Q4 also turn
off. ply. Currentsource 18 is similarly connected between    The circuit
transconductance - i.e., the ratio of node N2 and the VHH supply.
incremental change in the  output current difference The actual signal
amplification in differential por-  15  [err]to an incremental change in
the input voltage tion 10 is done with an amplifier circuit 14 consisting
difference [err] - is proportional to the sum of cur- of NPN transistors Q5
and Q6. The shifted differen-  rents [err] and [err] in the differential
amplifier of Fig. 1. tial signal at nodes N1 and N2 issupplied tothe bases
Due to the currentsteering provided by transistor QN, of transistors Q5 and
Q6. Their emitters are connect-  the sum of [err] and [err] is
approximately equal to [err] at ed together at a supply point P2 to receive
operating   20  any value of [err] in the [err] range. As a result, the
current [err]. When voltage [err] is in a part of the [err]
transconductance is largely constant. In contrast to range extending from
[err] up to a prescribed voltage  the situation in which large changes
occur in the less than VHH, transistors Q5 and Q6 amplify the dif-
transconductance as [err] traverses the [err] range, ferential input signal
(in its level-shifted form) by  the constant transconductance of the
circuit in Fig. 1 largely dividing current [err] into intermediate currents
25  enables an optimum frequency response to be ach- lc and [err] whose
difference is representative of the in-  ieved irrespective of the value of
[err] when the differ- put signal.
ential amplifier is used in an operational amplifier The Q1 and Q5
collectors are connected together  with negative feedback. to provide an
output current [err] at an output terminal  When [err] rises to a high
enough point that tran- [err]. Likewise, the Q2 and Q6 collectors are
connect-  30  sistors Q3 and Q4turn off, level-shiftcurrentsources ed
together to provide a complementary output cur-  16 and 18 go into
saturation and/or turn off. Current rent 102 at another output terminal
[err].            sources 16 and 18 thereby take a relatively long time The
final component of the amplifier is an NPN   to return to their normal
non-saturated fully conduc- control transistor QN whose emitter and
collector are  tive condition when [err] drops down low enough to
respectively connected to points P1 and P2. In re-  35  turn transistors Q3
and Q4 back on. Consequently, sponse to a control voltage VRN supplied to
its base,  the response of the amplifier circuit to changes in the
transistor QN regulates the values of currents[err] and  value of input
difference [err] is undulyslow. While [err] as a function of [err]. Control
voltage VRN lies in a  the turnoff of transistors Q3 and Q4 is basically
un- range extending from [err] + [err] + [err] to [err] - [err] -
avoidable, it would be highly desirable to prevent cur- [err] is a small
safety-margin voltage typically  40  rent sources  16 and 18 from going
into saturation about 0,2 - 0,3 volt.                               and/or
turning off during circuit operation. Fig. 2 illustrates an idealized graph
useful in un-  It is therefore the object of the invention to pro-
derstanding the operation of the circuit in Fig. 1. By  vide a solution to
overcome this problem. choosing voltage [err] in the foregoing way, the
parts of the [err] range in which differential portions 8 and   45
GENERAL DISCLOSURE OF THE INVENTION 10 providesignal amplification
partially overlap. Por- tions 8 and 10 are both operationally conductive
when   According to the Invention an electronic circuit of [err] Is in a
narrow Intermediate subrange generally  the type set forth in the opening
paragraph is charac- centering on VRN. In Fig. 2, this subrange extends
tersed by from [err] to [err], where [err] is the approx-  50
current-steering means enabling the first and imate 1 00-millivolt width of
the subrange.         second current supplies to remain operationally con-
As [err] is raised from [err] to [err], the differential  ductive as [err]
traverses substantially the entire sup- amplifierfirst goes through a low
subrange extending  ply range. from [err] to [err] - [err] in which
differential portion 10   The current-steering means enable the first and
provides all of the signal amplification. Transistors Q3   55  second
level-shift current supplies to remain opera- - Q6 are turned on.
Transistors Q1 and Q2 are turned  tionally conductive as [err] traverses
the full supply off so as to make differential portion 8 non-conduc-
range. When the voltage level-shift circuit turns off, tive. The
ampliflerthen goes through the intermediate  the current-steering means
open paths to the firstvol- 3    5                   EP 0 416 703 B1
6 tage supply for current provided from the level-shift  transistor. In the
case of a bipolar transistor, its emit- 



current supplies. This typically entails suitably clamp-  ter, collector,
and base are respectively the first, sec- ing the voltages at the first and
second nodes. The  ond, and control electrodes. These elements are re-
level-shift current supplies are inhibited from going  spectivelythesource,
drain, and gate forafield-effect into an undesirable condition, such as
saturation or   5   transistor (FET) of either the insulated-gate or junc-
turn-off, when [err] gets close to the second supply  tion type. voltage.
As a result, the present electronic circuit pro-  In some cases, each "A"
amplifier could consist vides avery fast response to changes in the
inputvol-  of more than one transistor. One example is a bipolar tage
difference as [err] varies across the full supply  Darlington circuit in
which the emitter of an inputtran- range.
10  sistor is connected to the base of a trailing transistor. In this case,
the control electrode of the "A" amplifier BRIEF DESCRIPTION OF THE
DRAWINGS                   is (connected to) the base of the input
transistor, while the first and second control electrodes are (connect-
Embodiments of the invention will now be descri-  ed to) the emitter and
collector of the trailing transis- bed, by way of example, with reference
to the accom-   15  tor. panying drawing, in which
As used in describing two (or more) of the "A" am- Fig. 1 shows a circuit
diagram of a prior art differ-  plifiers, "like-configured" means that the
amplifiers ential amplifier,                               have
corresponding elements interconnected in the Fig. 2shows a graph
illustrating operational char-  same way and that each set of corresponding
ele- acteristics of the differential amplifiers in Figs. 1   20   ments is
of the same semiconductor polarity. For ex- and 4,
ample, two of the "A" amplifiers are like-configured if Fig. 3 shows a
circuit diagram of a general differ-  both are NPN transistors but not if
one is an NPN ential amplifier in accordance with the invention,
transistor while the other is a PNP transistor. Like- and
wise, Darlington circuits are like-configured as long Fig. 4 shows a
circuit diagram of a bipolar em-  25  as the input transistors are of the
same polarity and bodiment of the differential amplifier in Fig. 3.  the
trailing transistors are of the same polarity (even Like reference symbols
are employed in the      if different from that of the Input transistors).
drawings and in the description of the preferred em-   If electrons move
between the flow electrodes of bodiments to representthe same orvery
similar item  one "A" amplifier, while holes move between theflow or items.
30  electrodes of another "A" amplifier, the two amplifiers may be referred
to as being complementary or "of DESCRIPTION OF THE PREFERRED
opposite polarity". Thus, an "A" amplifier formed with EMBODIMENTS
a PNP transistor is of opposite polarity to an "A" am- plifier formed with
an NPN transistor. Referring to Fig. 3, it illustrates a general ar-  35
The differential amplifier in Fig. 3 centers around rangement for a
differential amplifier having rail-to-  differential amplifying portions 20
and 22 that receive rail input capability and controlled transconductance.
main supply current [err] from main current source 6 The amplifier employs
a current-steering mechanism  connected between point P1 and the [err]
supply. Dif- in accordance with the teachings of the invention to
ferential portions 20 and 22 work together to amplify achieve a rapid
response irrespective of the value of  40  the input signal formed by the
difference between In- input common-mode voltage [err] as it varies across
put voltages [err] and [err]. Portion 20 is operationally the entire [err]
range from [err] to VHH.               conductive when [err] is in a part
of the Vps range ex- The amplifying device in Fig. 3 uses various
tending from [err] down to a prescribed voltage VAL three-electrode
amplifiers identified by reference  that is somewhat greater than [err].
Portion 22 is op- symbols beginning with the letter "A". Each "A" am-  45
erationally conductive when [err] is in a part of the [err] plifier has a
control electrode (1E), a second flow  range extending from [err] up to
another prescribed electrode (2E), and a control electrode (CE) for con-
voltage [err] that is somewhat less than [err]. The cir- trolling current
flow between the flow electrodes (1 E  cult parameters are chosen in such a
way that [err] is and 2E). Charge carriers. either electrons or holes,
greater than [err] That is, the two parts of the Vps that move between the
flow electrodes of each "A"  5o  range partially overlap. As a result,
portions 20 and amplifier originate at its first flow electrode and ter-
22 are both conductive in the intermediate VAL - to - minate at its second
flow electrode. Current flow be-  VAH subrange so that the differential
amplifier attains gins when the voltage between the control electrode
rail-to-rail input capability. and thefirstflow electrode passes a
specified thresh-   Differential portion 20 is formed with like- old level.
The current (if any) flowing in the control  55  configured input
amplifiers Al and A2 of a first polar- electrode is much smaller than that
otherwise moving  ity type. The first electrodes of amplifiers Al and A2
between the flow electrodes.                        are tied together at
supply point P1 to receive oper- Each "A" amplifier preferably consists of
a single  ating current [err]. Input voltages [err] and [err] are sup- 4
7                   EP 0 416 703 B1                 8 plied to control
electrodes of amplifiers Al and A2.  exceeding [err]. Their second
electrodes provide complementary in-     Current source 16 would go into an
undesirable 



termediate currents [err] and [err] as the output signals of  condition
(e.g.  saturation) if the difference between portion 20. When [err] is in
the [err] to-[err] range, am-  the N1 voltage and VHH dropped down to or
went be- plifiers Al and A2 largely divide current [err] between   5   low
a minimum value [err]. Current source 18 would currents [err] and [err] at
values whose difference Is rep-  likewise be in an undesirable condition If
the differ- resentative of the differential input signal.      ence between
the N2 voltage and VHH were less than Differential portion 22 contains a
voltage level-  or equal to [err]. As a result, [err] is slightly less
shift circuit 24 for translating the differential input sig-  than [err] is
typically 0.1 - 0.3 volt. nal into a shifted differential signal whose
common-  10  For the nomial case in which the differential am- mode voltage
exceeds [err] by a specified amount.    plifier indudes level shifts 26 and
28, the current- The main part of level-shift circuit 24 consists of like-
steering circuit is preferably implemented by utilizing configured input
amplifiers A3 and A4 of a second po-  clamps 30 and 32 asshown in Fig. 3.
Clamp 30 is con- larity type opposite to the first polarity type. Voltages
nected between the [err] supply and a node N3 lying [err] and [err] are
provided to the control electrodes of  15  In the path between level shift
26 and the A3 first amplifiers A3 and A4. Their second electrodes are
electrode. Clamp 32 is similarly connected between connected to the [err]
supply. Because amplifiers A3  the [err] supply and a node N4 lying in the
path be- and A4 are complementary to amplifiers Al and A2,  tween level
shift 28 and the A4 first electrode. portion 22 performs signal
amplification at the oppo-  In the foregoing situation, damps 30 and 32 op-
site end of the [err] range from portion 20.    20  erate directly only on
the voltages at nodes N3 and The A3 and A4 first electrodes are coupled to
N4. That is, damp 30 prevents the difference be- nodes N1 and N2 atwhich
the shifted differential sig-  tween [err] and the [err] voltage from
exceeding a given nal is supplied. A voltage level shift occurs between
value, while clamp 32 prevents the difference be- the control and first
electrodes of each of amplifiers  tween [err] and the N4 voltage from
exceeding that A3 and A4. If this level shift is less than the total level
25  value. The damping on nodes N1 and N2 is achieved shift needed, a
level-shift element 26 is connected  by way of level shifts 26 and 28 whose
level shift is between node N1 and the A3 first electrode. Alargely  added
to the damping voltage of damps 30 and 32. identical level-shift element 28
is similarly connected  Level shifts 26 and 28 thereby form part of the
cur- between node N2 and the A4 first electrode.       rent-steering
circuit here. The advantage of this ar- Level-shift current sources 16 and
18 are again  30  rangement is that damps 30 and 32 also prevent ele-
connected to the VHH supply to provide supply cur-  ments 26 and 28 from
turning off when [err] gets too rents [err] and [err] at nodes N1 and N2.
Currents [err] and  close to [err]. [err] are substantially equal. When
amplifiers A3 and   Alternatively, damps 30 and 32 could be con- A4 are
turned on so that level-shift circuit 24 is con-  nected directly to nodes
N1 and N2 as indicated in ductive, currents [err] and [err] flow through
level shifts  35  dotted line in Fig.3. This alternative can be used re- 26
and 28 and then through amplifiers A3 and A4 to  gardless of whether level
shifts 26 and 28 are absent the [err] supply.
or not. Of course, if elements 26 and 28 are present, Acurrent-steering
circuit provides alternate paths  the above-mentioned advantage is lost.
for currents [err] and [err] to flow to the [err] supply when  Clamps 30
and 32 are typically implemented in [err] gets sufficiently close to VHH
that amplifiers A3   40  the manner shown in Fig. 3. The principal elements
and A4 turn off so as to make level-shift circuit 24  are like-configured
damping amplifiersAC1 and AC2 non-conductive. The action of the
current-steering  of the second polarity type. The first electrodes of
circuit prevents current sources 16 and 18 from going  amplifiers AC1 and
AC2 are coupled to nodes N3 and into an undesired condition, such as
saturation or  N4. Reference voltage [err] is supplied to the control
turn-off, when amplifiers A3 and A4 turn-off. Conse-  45  electrodes of
amplifiers AC1 and AC2. Theirsecond quently, current sources 16 and 18
remain In their  electrodes are tied to the [err] supply. Clamp 30 may
(non-saturated) fully conductive state during the full  Include a resistor
RC1 connected between node N3 traverse of [err] across the [err] range.
and the AC1 first electrode. If so, damp 32 includes The current-steering
action involves preventing  a matching resistor RC2 connected between node
N4 the voltages at nodes N1 and N2 from rising to values  55  and the AC2
second electrode. that would otherwise cause current sources 16 and     As
the preceding discussion indicates, amplifiers 18 to decay Into an
undesired condition when [err]   AC1 and AC2 are of the same polarity as
amplifiers gets close to VHH. More particularly, the current-  A3 and A4.
Because amplifiers AC1 and A3 are cou- steering circuit prevents the
difference [err] between  pled together through node N3, amplifier AC1
turns the voltage at node N1 and a damping reference vol-  55   on as
amplifierA3 turns off and visa versa. Likewise, tage [err] from exceeding a
specified value [err].    amplifier AC2 turns on as amplifier A4 turns off
and The steering circuit also prevents the difference [err]  vice versa due
to the coupling through node N4. between the voltage at node N2 and voltage
[err] from    An amplifier circuit 34 formed with like- 5    9
EP 0 416 703 B1                  10 configured amplifiers A5 and A6
performs the actual  sively divert more of the main supply current away
signal amplification in differential portion 22. The  from portion 22 and
toward portion 20. [err] increases shifted differential signal at nodes N1
and N2 is sup-  progressivelyto [err].AmplifiersA1 andA2turn progres- 



plied to the control electrodes of amplifiers A5 and  sively on as portion
20 goes from its non-conductive A6. Their first electrodes are connected
together at   5   state to a state of full operational conductivity. Con-
supply point P2 to receive operating current [err]. The  versely, [err]
drops progressively to zero. Amplifiers A5 A5 and A6 second electrodes
supply complementary    and A6 turn progressively off, causing portion 22
to intermediate currents [err] and [err] as the output signals  go from its
fully conductive state to a non-conductive of portion 22. When [err] is in
the [err]-to-[err] range,  state. amplifiers A5 and A6 largely divide
current [err] be-  10  As [err] rises from VAH to VHH, amplifier AN Is
tween currents [err] and [err] at values whose difference  turned fully
off. All of the main supply current is now is representative of the voltage
difference between  steered to portion 20. [err] equals [err] Amplifiers Al
and nodes N1 and N2 and is therefore representative of  A2 are turned fully
on. Portion 20 is in its fully con- the differential input signal.
ductive state. [err] equals zero. Amplifiers A5 and A6 The Al and A5 second
electrodes are both con-  15  are both turned off so that portion 22 is
non-conduc- nected to output terminal [err] so as to provide it with  tive.
output current [err] at the value equal to [err] + [err] The A2  When [err]
gets sufficiently close to VHH, amplifi- and A6 second electrodes are
likewise both connect-  ers A3 and A4 turn off. As this happens, the
current- ed to output terminal [err] in order to provide it with  steering
circuit of the invention becomes active to en- complementary output current
102 at a value equal to  20  sure that current sources 16 and 18 remain in
their [err]. A low-resistance load 36, tied to the VHH sup-  fully
conductive (non-saturated) state. Currents [err] ply, preferably converts
currents [err] and [err] into com-  and [err] are steered through the
steering circuit to the plementary output voltages [err] and [err].
Alternatively,  VLK supply. a summing circuit 38 could subtract one of
currents     Forthe embodiment of clamps 30 and 32 depict- [err] and [err]
from the other to produce a composite out-  25  ed in Fig. 3, amplifiers
AC1 and AC2 turn on as am- put current [err] representative of the
difference be-  plifiers A3 and A4 turn off. This occurs when [err] is
tween [err] and [err]                                  in the vicinity of,
and typically slightly higher than, A control amplifier AN of the first
polarity type  [err]. Alternate paths are thereby opened through re-
controls the values at which currents [err] and [err] are  sistors RC1 and
RC2 (if present) and through ampli- supplied to differential portions 20
and 22. Control  30  fiers AC1 and AC2 for supply currents [err] and [err]
to amplifier AN has its first and second electrodes re-  flow to the [err]
supply. spectively connected to points P1 and P2. Control       Let [err]
represent the steady-state value of each of voltage VRN is provided to the
AN control electrode at  currents [err] and [err] while [err] represents
the value of a value sufficient to enable both of portions 20 and 22  each
of resistors RC1 and RC2. The voltages across to be operationally
conductive In the Intermediate  35  resistors RC1 and RC2 are then equal to
[err] when [err]-to-[err] subrange. VRN is typically near the middle
amplifiersAC1 andAC2arefullyconductive. LetVLSE of the [err]-to-[err]
subrange. The current control pro-  be the extra level-shift voltage
supplied by level-shift vided by amplifier AN allows the circuit
transconduc-  elements 26 and 28. The voltages from the control tance to be
regulated in a desired manner.          electrodes of amplifiers AC1 and
AC2 to their respec The present differential amplifier operates in a   40
tive first electrodes reach approximately the same mannersimilarto
thatofthe priorartcircuitdescribed  value, referred to here as [err]. As a
result, the N1 and above, except that current sources 16 and 18 do not  N2
voltages are clamped at a value equal to [err] + go into an undesirable
condition when [err] gets close  [err] where [err] equals [err] + [err] +
[err] to [err]. More specifically, the operation proceeds as    If clamps
30 and 32 were to clamp the N1 and N2 followswhen [err] is raised from low
rail VLLto high rail  45   voltages at the preceding value before amplifier
AN [err].                                                reduced current
[err] to zero, the amplification provided As [err] rises from [err] to
[err] amplifierAN Is fully  by amplifiers A5 and A6 in circuit 34 would be
cut off conductive and steers all of current [err] to differential
prematurely, resulting in loss of transconductance. portion 22. [err]
equals [err]. Amplifiers A3 - A6 are fully  This problem is avoided by
choosing the value of vol- turned on. Portion 22 is in a state of full
operational  50  tage [err] and the characteristics of amplifiers ACI,
conductivity. [err] is zero. Amplifiers Al and A2 are  AC2, A3, and A4 and
resistors RC1 and RC2 in such turned off so that differential portion 20 is
non-con-  awaythatamplifiersAC1 and AC2 do notstartto turn ductive. The
steering circuit formed with damps 30  on until [err] has indeed dropped
substantially to zero. and 32 is inactive. In the particular embodiment
In particular, VRC is normally chosen to be greater shown in Fig. 3,
amplifiers AC1 and AC2 are turned  55  than or equal to VRN. off.
The value of [err] at which amplifiers AC1 and When [err] goes from [err]
(past [err]) up to [err]     AC2 start to become conductive must be greater
than amplifierAN turns progressively off so as to progres-  [err]. The way
in which amplifier AN is differentially 6    11                 EP 0 416
703 B1                 12 connected to amplifiers Al and A2 is similar to
the   In Fig. 4 current source 6 is formed in a conven- way In which
amplifiersAC1 and AC2 are differential-  tional waywith a resistorRLand an
NPN transistorQL ly connected to amplifiers A3 and A4, except for the
responsive to a reference voltage [err]. Currentsource presence of
resistors RC1 and RC2. If amplifier AN  16 consists of a PNP transistor QH1
and a resistor 



switches from a fully conductive condition to a non-   5   RH1 arranged in
a conventional manner. Current conductive condition in a voltage space
approximate-  source 18 likewise consists of a PNP transistor QH2 ly equal
to [err] - [err] and if [err] is as low as [err], the  and a resistor RH2
arranged In the same way. Tran- parameter [err] should be approximately
equal to VAH  sistors QH1 and QH2 both respond to the same ref- - [err].
This ensures that amplifiers AC1 and AC2   erence voltage [err]. switch
from a non-conductive state to a fully conduc-  10  Level shift 26 consists
of PN diodes D1X and tive state at a [err] value sufficiently higher than
[err]  DlY connected in series. Level shift 28 similarly con- as to avoid
prematurely cutting off amplifiers A5 and  sists of PN diodes D2X and D2Y
connected in series. A6. However, [err] could be lower if [err] is
greaterthan  As a result, [err]  equals [err]. Each of diodes D1X, VRN. For
example, [err] could be zero if [err] - [err]  D1Y, D2X and D2Y is
preferably formed as and NPN equals VAH - [err].
15  transistor having its collector connected back to its When nodes N1 and
N2 are clamped, the voltage   base in order to minimize transmission delay
caused across each of current sources 16 and 18 equals VHH  by base
resistance and base charge storage effects. - [err]. Consequently, [err] is
less    In Fig.4, the current-steering circuit of the inven- than [err]
tion utilizes clamps 30 and 32 connected directly to Looking now at the
level-shifts requirements, let  20  nodes N3 and N4. In addition too
preventing diodes [err] representthe level shiftthatamplifiersA3andA4  DIX,
D1Y, D2X, and D2Yfrom turning off when tran- provide from their control
electrodes to their respec-  sistors Q3 and Q4 turn off, this arrangement
avoid tive first electrodes. The total level shift [err] pro-  undesired
temperature dependencies within the cir- vided by level-shiftcircuit 24 at
nodes N1 and N2 then  cult equals [err].                        25
Amplifiers AC1 and AC2 in damps 30 and 32 of Amplifiers A5 and A6 are
turned on when [err] is  Fig.3 are implemented with PNP transistors QC1 and
at [err]. Since amplifier AN is also turned on, [err]  QC2 in Fig.4. [err]
equals VRN here. Clamps 30 and 32 must be greater than or equal to [err],
also include resistors RC1 and RC2 in this bipolar em- where [err] is the
minimum tolerable voltage across  bodiments. By inspection, [err] equals
[err] + [err] current source 6 (i.e. between point P1 and the [err]  30
The voltage drop [err] across each of resistors RC1 point), [err] is the
minimum tolerable voltage across  and RC2 when nodes N1 and N2 are damped
is at amplifierAN(i.e. between points P1 and P2,and [err]  least 120
millivolts and is typically 200 millivolts. This is the voltage that
amplifiers A5 and A6 provide from  is sufficient to avoid the previously
mentioned ampli- their control electrodes to their respective first elec-
fication notches that would otherwise resultfrom pre- trodes. [err] and
[err] each are typically 0.1 - 0.3  35  mature turn-off of transistors Q5
and Q6. volt If [err] is approximately equal to [err], it turns out  The
embodiment in Fig. 4 employs load 36 to pro. that level shift [err]
provided by elements 26 and 28  duce complementary output voltages [err]
and [err]. need only be greater than [err] + [err]          Load 36
consists of resistors R1 - R3 and a capacitor Turning to voltage VRN, it
must exceed [err] + [err  C1 arranged as shown. Capacitor C1 prevents
spuri- + [err] where [err] is the voltage between the control  40  ous
common-mode signals from appearing on the and first electrodes of amplifier
AN when it is fully  [err] supply line. Alternatively, elements C1 and R3
conductive. VRN is also less than [err] - [err] - [err] -  could be
deleted. [err]. The transmission, delay through portion 22 is   In the
preferred embodiment, VHH and [err] are 5.0 somewhat longer than that
through portion 20. Ac-  and 0.0 volts, respectively. [err] and [err] are
cordingly, it is desirable that portion 20 provide as   45  1.25,
09,and4.1voltsrespectively. [err] and [err] are much of the signal
amplification across the [err] range  380 and 200 microamperes,
respectively, RH1/RH2, as possible.For this reason, VRN is normally set at
a  RC1/RC2, R1/R2, and R3 are 500, 1.250, 750, and value near the lower
limit.                       100 ohms, respectively. C1 is 15 picofarads.
The dif- Fig. 4 depicts a preferred bipolar embodiment of  ferential
amplifier is fabricated as part of a monolithic the preceding device in
which amplifiers A1 - A6 and   50  integrated circuit using oxide isolation
to separate ac- AN consist of transistors Q1 - Q6 and QN configured  tive
regions in a semiconductive wafer. as shown in Fig.1 and operable in the
manner descri-  While the invention has been described with ref- bed above.
Since [err] and [err] both equal [err]  erence to particular embodiments,
this description is lies in the range from [err] to VHH - VMINH  solely for
the purpose of illustration and is not to be - [err]. This corresponds
generally to the range  55  construed as limiting the scope of the
invention given above for the prior art circuit of Fig. 1. Conse-  claimed
below. For example, semiconductor ele- quently, the transconductance of the
differential am-  ments of opposite polarity to those described above
plifier in Fig.4 is substantially constant.       might be used to
accomplish the same results. FETs 7    13                  EP 0 416 703 B1
14 could replace some or all of the bipolar transistors. An  coupled
respectively to the first and second out- input level-shift circuit of the
type described in EP pa-  put terminals ([err]); tent application EP-A-0
382 302 claiming US-priority          a main current supply (6) coupled
between of 10th February 1989, and which thus represents        the first
supply point ([err]) and the source of the state of the art according to
Art 54(3), EPC could be   5  first supply voltage [err]; and 



inserted in front of differential portions 20 and 22 to       a control
amplifier (AN) of the first polarity enable the differential amplifier to
operate at a power  type, the control amplifier having a control elec-
supply voltage of 1 volt or slightly less.              trode for receiving
a control voltage ([err]) a first flow electrode coupled to the first
supply point 10      ([err]), and a second flow electrode coupled to the
Claims                                                  second supply point
([err]), characterized by current-steering means (30, 32) enabling 1. An
electronic-circuit, coupled between sources of    the first and second
current supplies (16, 18) to a first supply voltage ([err]) and a second
supply    remain operationally conductive as [err] traver- voltage (VHH)
whose difference is a power supply  15  ses substantially the entire supply
range. voltage that defines a supply voltage range, for amplifying an input
signal ([err],, [err]) differentially  2. A circuit as in Claim 1
characterized in that the provided between first and second input termi-
current-steering means establishes paths by nals, ([err]) the circuit
comprising:               which current from the first and second current
first differential means (20) for amplifying   20  supplies flows to the
source of thefirstsupplyvol- the input signal when its common-mode voltage
tage as the third and fourth amplifiers turn off. [err] is in a part of the
supply range extending to the second supply voltage, the first differential
3. A circuit as in Claim 2 characterized in that the means comprising
like-configured first and see-     current-steering means prevents (a) the
differ- ond input amplifiers (Q1, Al; Q2, A2) of a first po-  25  ence
between the voltage at the first node and a larity type, the first and
second amplifiers having  clamping reference voltage from exceeding a
respective control electrodes coupled respec-       specified clamping
value and (b the difference tively to the first and second input terminals,
re-  between the voltage at the second node and the spective first flow
electrodes coupled to a first   reference voltage from exceeding the
specified supply point ([err]), and respective second flow   30  clamping
value. electrodes coupled respectively to first and sec- ond output
terminals ([err]);                 4. A circuit as in Claim 3 characterized
in that the second differential means (34) for ampli-      current-steering
means comprises (a) a first vol- fying the input signal when [err] is in a
part of the  tage clamp coupled between the first node and supply range
extending to the first supply vol-  35  the source of the first supply
voltage and (b) a tage, the two parts of the supply range partially
second voltage clamp coupled between the sec- overlapping, the second
differential means com-     ond node and the source of the first supply
vol- prising (a) like configured third and fourth input  tage. amplifiers
([err]) of a second polarity type opposite to the first polarity type, the
third   40   5. A circuit as in Claim 4 characterized in that the and
fourth input amplifiers having respective        first and second voltage
clamps respectively control electrodes coupled respectively to the
comprise first and second clamping amplifiers of first and second input
terminals, respective first   the second polarity type, the first and
second flow electrodes coupled respectively to first and   clamping
amplifiers having respective control second nodes ([err]), and respective
second   45   electrodes forreceiving the reference voltage, re- flow
electrodes coupled to the source of the first  spectivefirstflowelectrodes
coupled respective- supplyvdtage ([err]), (b) a firstcurrentsupply (16)
ly to the first and second nodes, and respective coupled between the first
node ([err]) and the         second electrodes coupled to the source of the
source of the second supply voltage ([err]), (C) a    first supply voltage.
second current supply (18) coupled between the   50 second node (N2) and
the source of the second    6. A circuit as in Claim 4 in which charge
carriers supply voltage ([err]), and (d) like-configured fifth  that move
between the flow electrodes of each and sixth amplifiers ([err]) of the
first po-  amplifier originate at its first electrode and ter- larity type,
the fifth and sixth amplifiers having  minate at its second electrode under
control of its respective control electrodes coupled respec-  55   control
electrode. tively to the first and second nodes, respective first flow
electrodes coupled to a second supply  7. A circuit as in Claim 3 in which
the second differ- point ([err]), and respective second flow electrodes
ential means includes (a) a first voltage level-    13
EP0416703B1                       14 could replace some or all of the
bipolar transistors. An  coupled respectively to the first and second out-
input level-shift circuit of the type described in EP pa-  put terminals
([err]); tent application EP-A-O 382 302 claiming US-priority           a
main currentsupply (6) coupled between of 10th February 1989, and which
thus represents         the first supply point ([err]) and the source of
the state of the art according to Art. 54(3), EPC could be   5  first
supply voltage [err]; and inserted in front of differential portions 20 and
22 to        a control amplifier (AN) of the first polarity enable the
differential amplifierto operate at a power   type, the control amplifier
having a control elec- 



supply voltage of 1 volt or slightly less.               trode for
receiving a control voltage ([err]), a first flow electrode coupled to the
first supply point 10      ([err]), and a second flow electrode coupled to
the Claims                                                   second supply
point ([err]), characterized by current-steering means (30, 32) enabling 1.
An electroniccircuit, coupled between sources of      the first and second
current supplies (16, 18) to a first supply voltage ([err]) and a second
supply      remain operationally conductive as [err] traver- voltage (VHH)
whose difference is a power supply   15  ses substantially the entire
supply range. voltage that defines a supply voltage range, for amplifying
an input signal ([err]) differentially  2. A circuit as in Claim 1
characterized in that the provided between first and second input termi-
current-steering means establishes paths by nals, ([err]) the circuit
comprising:              which current from the first and second current
first differential means (20) for amplifying   20  suppliesflows to the
source of thefirstsupplyvol- the input signal when is common-mode voltage
tage as the third and fourth amplifiers turn off. [err] is in a part of the
supply range extending to the second supply voltage, the first differential
3. A circuit as in Claim 2 characterized in that the means comprising
like-configured first and sec-      current-steering means prevents (a) the
differ- ond input amplifiers ([err]) of a first po-  25  ence between the
voltage at the first node and a larity type, the first and second
amplifiers having  clamping reference voltage from exceeding a respective
control electrodes coupled respec-        specified clamping value and (b
the difference tively to the first and second input terminals, re-  between
the voltage at the second node and the spective first flow electrodes
coupled to a first    reference voltage from exceeding the specified supply
point ([err]), and respective second flow   30   clamping value. electrodes
coupled respectively to first and sec- ond output terminals ([err]);
4. A circuit as in Claim 3 characterized in that the second differential
means (34) for ampli-       current-steering means comprises (a) a first
vol- fying the input signal when [err] is in a part of the  tage clamp
coupled between the first node and supply range extending to the first
supply vol-  35  the source of the first supply voltage and (b) a tage, the
two parts of the supply range partially    second voltage clamp coupled
between the sec- overlapping, the second differential means corn-     ond
node and the source of the first supply vol- prising (a) like configured
third and fourth input   tage. amplifiers ([err]) of a second polarity type
opposite to the first polarity type, the third   40   5. A circuit as in
Claim 4 characterized in that the and fourth input amplifiers having
respective        first and second voltage clamps respectively control
electrodes coupled respectively to the       comprise first and second
clamping amplifiers of first and second input terminals, respective first
the second polarity type, the first and second flow electrodes coupled
respectively to first and    clamping amplifiers having respective control
second nodes ([err]), and respective second   45    electrodes for
receiving the reference voltage, re- flow electrodes coupled to the source
of the first   spective firstflow electrodes coupled respective-
supplyvoltage ([err], (b) a first current supply (16)  ly to the first and
second nodes, and respective coupled between the first node ([err]) and the
second electrodes coupled to the source of the source of the second supply
voltage ([err]), (c) a     first supply voltage. second current supply (18)
coupled between the   50 second node (N2) and the source of the second
6. A circuit as In Claim 4 in which charge carriers supply voltage ([err]),
and (d) like-configured fifth  that move between the flow electrodes of
each and sixth amplifiers ([err]) of the first po-  amplifier originate at
its first electrode and ter- larity type, the fifth and sixth amplifiers
having   minate at its second electrode under control of its respective
control electrodes coupled respec-  55    control electrode. tively to the
first and second nodes, respective first flow electrodes coupled to a
second supply  7. A circuit as in Claim 3 In which the second differ- point
(P2), and respective second flow electrodes    ential means includes (a) a
first voltage level- 8    15                  EP 0 416 703 B1
16 shift element coupled in the path between the   Patentansprlkhe first
node and the first electrode of the third am- plifier and (b) a second
voltage level-shift ele-  1. Elektronische Schaltung, die zwIschen die
Quel- ment coupled in the path between the second        len einer ersten
Versorgungsspannung (VLL) und node and the first electrode of the fourth
ampli-   5  elner zweiten Versorgungsspannung (VHH) ge- fier.
schaltet wird, deren Differenz eine Versorgungs- spannung ist, die einen
Versorgungsspannungs- 8. A circuit as in Claim 7 characterized in that the
bereich festlegt. zum Verstirken elnes Eingangs- 



current-steering means comprises (a) a first vol-   signals (Vj1, V12), das
differentiell zwlechen einem tage clamp coupled between the source of the
10   ersten und einem zweiten Eingangsanschlul3 firstsupplyvoltage and a
third node located in the  (Tn1, T12) anliegt, wobei die Schaltung
folgendes path between the firstlevel-shift element and the   umfaSt: first
electrode of the third amplifier and (b) a sec-     erste differentlelle
Mittel (20) zum Verstar- ond voltage clamp coupled between the source of
ken des Eingangssignals, wenn dessen Glelch- the first supply voltage and a
fourth node located   15  taktspannung VCM in einem Tell des Versor- in the
path between the second level-shift ele-     gungsbereichs liegt, der bis
zu der zweiten Ver- ment and the first electrode of the fourth amplifi-
sorgungsspannung reicht, wobel die ersten diffe- er.
rentiellen Mittel einen ersten und elnen zweiten Elngangsverstarker (Q1,
Al; Q2, A2) gleicher Kon- 9. A circuit as in Claim 4 characterized in that
the   20  figuration von elnem ersten Polaritatstyp enthal- first and
second voltage clamps respectively        ten, wobel der erste und der
zweite Verstirker comprise first and second clamping amplifiers of
entsprechende Steuerelektroden besitzen, die the second polarity type, the
first and second      mit dem ersten bzw. dem zwelten Eingangsan- clamping
amplifiers having respective control       schluM verbunden sind, wobel die
entsprechen- electrodes for receiving the reference voltage, re-  25  den
ersten Leitungselektroden mit elnem ersten spective firstflow electrodes
coupled respective-   Versorgungspunkt (P1) und die entsprechenden ly to
the third and fourth nodes, and respective    zweiten Leitungselektroden
mit dem ersten bzw. second electrodes coupled to the source of the      dem
zweiten AusgangsanschluB (To1, To2) ver- first supply voltage.
bunden sind; 30            zweite differentielle Mittel (34) zum Ver- 10. A
circuit as in Claim 9 characterized in that each  starken des
Elngangssignals, wenn VCM in el- amplifier comprises a bipolar transistor
having a   nem Teil des Versorgungsbereichs liegt, der bis base, an
emitter, and a collector respectively cou-  zu der ersten
Versorgungsspannung reicht; wo- pled to the control, first, and second
electrodes   bei sich die beiden Teile des Versorgungsbe- of that
amplifier.                          35      reichs teilweise uberlappen,
wobel die zweiten differentiellen Mittel folgendes beinhalten: (a) ei- 11.
A circuit as in Claim 10 characterized in that (a)  nen dritten und oinen
vierten Eingangsverstirker the first clamp further includes a first
clamping     (Q3, A4; Q4, A4) gleicher Konfiguration von einem resistor
coupled between the third node and the     Polaritatstyp, der dem ersten
entgegengesetzt emitter of the transistor in the first clamping am-  40
ist, wobel der dritte und der vierte Eingangsver- plifier and (b) the
second clamp further includes   stirkerentsprechende Stbuerelektroden
aulwei- a second clamping resistor coupled between the      sen, die mit
dem ersten bzw. dem zweiten Emn- fourth node and the emitterof the
transistorin the   gangsanschluB verbunden sind, wobei die ent- second
clamping amplifier.                           sprechenden ersten
Leitungselektroden mit el- 45      nem ersten bzw. einem zweiten
Knotenpunkt (N1, 12. Acircuit as in Claim 11 characterized in thateach
N2) und die entsprechenden zweiten Leitungs- level-shift element comprises
at least one diode.   elektroden mit der Quelle der ersten Versor-
gungsspannung (Vu) verbunden sind; (b) eine 13. A circuit as in Claim 11
characterized in that the  erste Stromversorgung (16), die zwischen den
transistors in the first and second clamping am-   50  ersten Knotenpunkt
(N,) und die Quell. derzwei- plifiers and in the third and fourth input
amplifiers  ten Versorgungsspannung (VHI4) geschaltet ist; are PNP
transistors, the remaining transistors all  (c) sine zwelte Stromversorgung
(18), die zwi- being NPN transistors.                              schen
den zwelten Knotenpunit (N2) und die Quelle der zweitenVersorgungsspannung
(VHH) 14. A circuit as in Claim 11 characterized in that the   55
geschaltst let; und (d) einen finften und elnen reference voltage is
substantially equal to the     sechsten Verstarker(Q& A4; Q0, Ae)
gleicherKon- control voltage.                                    figuration
vom ersten Polaritatstyp, wobei der funfte und dersechste
Verstirkerentsprechende 9    17                 EP 0 416 703 B1
18 Steuerelektroden aufweisen, die mit dem ersten   laritatstyps enthalten,
wobel der erste und der bzw. dem zweiten Knotenpunkt verbunden sind,
zweite Klemmverstarker entsprechende Steuer- und wobei die entaprechenden
ersten Leitungs-    elektroden zum Anlegen der Bezugsspannung, elektroden
mit elnem zwelten Versorgungspunkt    entsprechende erste
Leltungselektroden, die mit (P2) und die entsprechenden zweiten Leltungs-
5  dem brsten bzw. dem zweiten Knotenpunkt ver- elektroden mit dem ersten
bzw. dem zweiten        bunden sind, und entsprechende zweite Elektro-
AusgangsanschiuS (To1, T.2) verbunden sind;       den aufwelsen, die mit
der Queile derersten Ver- eine Hauptstromversorgung (6), die zwi-
sorgungsspannung verbunden sind. schen den ersten Versorgungspunkt (P1) und
die 



Quelle der ersten .Versorgungsspannung (VuL)  *0  6. Schaltung nach
Anspruch 4, in der Ladungstra- geschaltet let; und
ger, diesich zwischen den Leitungselektrodenje- eonen Steuerverstirker (AN)
des ersten      des VerstIrkers bewegen, ihren Ursprung be! Polarititstyps,
wobei der Steuerverstirker eine  seiner ersten Leitungselektrode haben und
ge- Steuerelektrode zum Empfangen einer Steuer-      steuert von seiner
Steuereiektrode bei seiner spannung (VRO, eine erste Leitungselektrode,  15
zweiten Leitungselektrode enden. die mit dem ersten Versorgungspunkt (PI)
ver- bunden Ist, und eine zweibt Leitungselektrode  7. Schaltung nach
Anspruch 3, in der die zweiten enthalt, die mit dem zweiten
Versorgungspunkt     differentiellen Mittel folgendes enthalten: (a) ein
(P2) verbunden ist, dadurch gekennzeichnet, daM  erstes
Spannungspegel-Verschiebungselement, der Stbuerverstirker folgendes
enthailt  20      das in den Strompfad zwischen dem ersten Kno-
Stromlenkungsmittel (30, 32), die es er-    tenpunkt und der ersten
Elektrode des dritten moglichen, daI die erste und die zweitb Strom-
Verstirkers geschaltet ist, und (b) ein zweltes versorgung (16, 18) Im
Betrieb leitend bleiben,   Spannungspegel-Verschiebungselement, das in wenn
Vcm Im wesentlichen den gesamten Versor-     den Strompfad zwischen dem
zweiten Knoten- gungsbereich durchquert.                  25      punkt und
der ersten Elektrode des vierten Ver- stirkers geschaltet ist. 2. Schaltung
nach Anspruch 1, dadurch gekenn- zeichnet, daS die Stromlenkungsmittel
Strom-  8. Schaltung nach Anspruch 7, dadurch gekenn- pfade schaffen, iiber
die der Strom von der er-  zeichnet, daB die Stromienkungsmittel folgendes
sten und von der zweiten Stromquelle zu der  30  enthalten: (a) eine erste
Spannungsklemmschal- Quelle der ersten Versorgungsspanrung flle~t,    tung,
die zwischen die Quells der ersten Versor- wenn der dritte und dervierte
Verstirker ausge-   gungsspannung und einen .dritten Knotenpunkt schaltet
werden.                                  geschaltet ist, der In dem
Strompfad zwischen dem ersten Pegelverschiebungselement und der 3.
Schaltung nach Anspruch 2, dadurch gekenn-  35    ersten Elektrode des
dritten Verstirkers liegt, zeichnet, dag die Stromlenkungsmittel verhin-
und (b) sine zwelte Spannungsldemmschaltung, dern, daB (a) die Differenz
zwischen der Span-    die zwischen die Quelle der ersten Versorgungs- nung
an dem ersten Knotbnpunkt und einer          spannung und einen vierten
Knotenpunkt go- Klemmbezugsspannung  elnen  bestimmten            schaltet
ist, der in dem Strompfad zwischen dem Klemmwert iiberschreitet und daS (b)
die Diffe-  40  zweiten Pegelverschiebungselement und der er- renz zwischen
der Spannung an dem zwelten        sten Elektrode des vierten Verstirkers
Iiegt. Knotenpunkt und der Bezugsspannung einen be- stimmten Klemmwqrt
Oberschreitet.             9. Schaltung nach Anspruch 4, dadurch gekenn-
zeichnet, daB die erste und die zweite Span- 4. Schaltung nach Anspruch 3,
dadurch gekenn-  45    nungskiemmschaltung einen ersten bzw. einen
zelchnet, daa die Stromlenkungsmittel foigendes  zwelten Kiemmverstirkerdos
zweltsn Polaritits- enthalten: (a) sine erste Spannungsldemnmschal-   typs
enthalten, wobei der erste und der zweite tung, die zwischen den ersten
Knotenpunkt und     Klemmverstirker entsprechende Steuerelektro- die Quele
der ersten Versorgungsspannung go-      den zum Anlegen der Bezugsspannung,
entspre- schaltet let, und (b) sine zweite Spannungs-  5o  chende erate
Leitungselektroden, die mit dem kiemmschaltung, die zwischen den zwesitn
Kno-     dritten bzw. dem vierten Knotenpunkt verbunden tenpunkt und die
Quelle der ersten Versorgungs-   sind, und entsprechende zwelte Elektroden
auf- spannung geschaltet ist.                          weisen, die mit der
Quelle der ersten Versor- gungsspannung verbunden sind. 5. Schaltung  nach
Anspruch  4,  dadurch  55 eekennzelchnet, daB die erste und die zweite  10.
Schaltung nach Anspruch 9, dadurch gekenn- Spannungsldemmschaltung einen
ersten bzw.         zelchnet, dag jeder Verstfirker oinen Bipolar- einen
zwelten Klemmverstirker des zwelten Po-     Transistor mit einer Basis,
sinem Emitter und ei- 10 I     L|1|  1111  Sl1  11 111    19
EP 0 416 703 B1                 20 nom Kollektor enthalt, die mit der
Steuerelektro-  une premiere et une seconde borne de sortie de, derersten
Leltungselektrode und derzweiten    (Tot, Ta2); Leitungseleitrode dieses
Verstarkers verbunden         un second moyen differentiel d'amplifica-
sind.                                             tion (34) du signal
d'entree lorsque VCM est dans 5      une partie de la plage d'alimentation
allant jus- 11. Schaltung nach Anspruch 10, dadurch gekenn-      qu'a la
premiere tension d'alimentation, les deux zeichnet, daM (a) die erste
Kemmschaltung au-     parties de la plage d'alimentation so recouvrant
Berdem einen ersten Klemmwiderstand enthilt,      partiellement, le second
moyen differentiel der zwischen den dritten Knotenpunkt und den
comprenant (a) un trolsieme et un quatrieme am- 



Emitter des Transistors in dem ersten Kemmver-  fO  plificateur (Q3, Ad;
Q4, A4) d'entree de meme stArker geschaltet ist, und dag (b) die zweite
configuration d'un second type de polarite oppo- Klemmschaltung  au~erdem
eonen  zweiten          s6 au premier type de polarite, le trolsieme et le
Klemmwiderstand enthilt, derzwischen den vier-    quatrime amplificatbur
ayant des Hlectrodes de ten Knotbnpunit und den Emitter des Transistors
commando respectives coupl6es respectivement in dem zwelten Klemmverstirker
geschaltet ist.  15  A la premiere etA la seconds borne d'entree, des
premibres electrodes de courant respectives 12. Schaltung nach Anspruch 11,
dadurch gekenn-      couplees respectivement au premier et au se- zeichnet,
dag jades Pegelverschiebungselement     cond noeud (NI, N2), et des
secondes electrodes mindestens eine Diode enthfilt.                   de
courant respectives couplies A la source de la 20      prem!ire tension
d'alimentation (V1L), (b) une 13. Schaltung nach Anspruch 11, dadurch
gekenn-       premiere source de courant (16) coupleeentre le zeichnet, dae
die Transistoren in dem ersten und  premier noeud (N1) et la source de la
seconde in dom zweiten Klemmverstarker und in dem drit-   tension
d'alimentation (VHH), (C) une seconds ten und in dem vierten
Eingangsverstkrker PNP-    source do courant (18) couplee entre le second
Transistoren sind, und daB alleObrigen Transisto-  25  noeud (N2) et la
source de la seconde tension ran NPN-Transistoren sind.
d'alimentation (VHH), et (d) un cinquieme et un sixieme amplificatbur (Qs,
A6; Q6; As) de meme 14. Schaltung 'nach Anspruch 11, dadurch gekenn-
configuration du premier type de polarite, le cin- zeichnet, dag die
Bezugsspannung im wesentli-     quieme et le sixieme amplificateur ayant
des chen der Steuerspannung entspricht.       30      electrodes de
commands respectives coupl6es respectivement au premier et au second noeud,
des premieres electrodes de courant respectives Revendications
coupleesa un second pointd'alimentation (P2), et des secondes electrodes de
courant respectives 1. Circuit electronique, couple entre des sources  35
couplees respectivement a la premiere et A la se- d'une premiere tension
d'allmentation (Vu) et     conde borne de sortie (To1, T02); d'une seconde
tension d'alimentation (VHH) dont         une source principals de courant
(6) cou- la difference est une tension d'alimentatbon qui  plee entre
le-premier point d'alimentatlon (PI) et definit une plage de tensions
d'allmentation, afin  Ia source de la premiere tension d'alimentation
d'amplifier un signal d'entree (VI,, V) fourni  4o  (VL), et sous forms
differentielle entre une premiere et         un amplificatbur de commands
(AN) du une seconds borne d'entree (Ti1, Tg1, le circuit  premier type de
polarite, I'amplificateur de comprenant:
commando ayant une electrode de commands un premier moyen diff6rentiel (20)
d'am-     pour recevoir une tension de commands (VA), plificatlon du signal
d'entree lorsque sa tension   4s  une premiere electrode de courant couplee
au de mode commun VCM est dans une partle de la      premier point
d'alimentation (PI), et une seconde plage d'allmentation allant jusqu'A la
seconds    electrode de courant couplee au second point tension
d'alimentation, le premier moyen diff6-   d'alimentation (P2), caracterise
par rentlel comprenant un premier et un second am-          un moyen de
commands de courant (30, plificateur d'entree (QI, A1; Q2, A2) de mime   so
32) permettant Ala premlere eta lasecondesour- configuration d'un premier
type de polarite, le   ce de courant (16, 18) de rester operationnelle-
premier et le second amplificatbur possedantdes   ment conductrices lorsque
VCM traverse prati- electrodes de commands respectives couplees
quement la plage entibre d'allmentation. respectivement A la premiere etA
la seconde bor- ne d'entree, des premibres electrodes de courant  55  2.
Circuit suivant la revendlcation 1, caracterise en respectives coupleos A
un premier point d'ali-    ce que Is moyen de commando de courant etablit
mentatlon (P1), et des secondes 6lectrodes de     des chemins par lesquels
le courant venant de la courant respectives coupleos respectivement A
premibre at de la seconds source de courant cir- 11    21
EP 0 416 703 B1                22 cule vers Ia source de la premibre
tension d'ali-  placement de niveau et la premlire 6lectrode du mentation
lorsque le troisibme 6t le quatrieme   troislemeaiiplificateuret(b)un
secondcircuitde amplificateur se d6sactivent.
verrouillage de tension coupie entre la premlere tension d'alimentatlon et
un quatrieme noeud si- 3. Circuit suivant la revendicaton 2, caracteris en
c  tub sur le chomin entre Is second element de de- ce quo le moyvn de
commando de courant empe-      placement de niveau et la premibre electrode
du che (a) la difference entre la tension au premier  quatrieme
amplificateur. nosud ot une tension de reference de verroulila- go de
depasser une valeur de verrouillage deter-  9. Circuit sulvant la
revendication 4, caracterise en minee et (b) la difference entre la tension
au se-  10  ce quo le premier at le second circuit de verrouil- 



cond noeud et la tension de rfirencoe de depas-   lage de tension
comprennent respectivement un ser la valour de verrouillage specifiee.
premier et un second ampljflcateurde verrouilla- go du second type de
polariti, le premier et le se- 4. Circuit.sulvant la revendication 3,
caracterise en  cond ampilficateur de verrouillage ayant des ce quo le
moyen de commando de courant  15       electrodes de commando respectives
afin de re- comprend (a) un premier circuit de verroulllage   cevoir la
tension de rference, des promilres de tension coupie entre le premier noeud
et la    iectrodes de courant respectives couplees res- source de la
premiere tension d'alimentation et   pectivement au troisieme et
au-quatrieme noeud, (b) un second circuit de verrouillage de tension  et
des secondes electrodes de courant respecti- couple entre le second noeud
et la source de la  20  ves couplees A la source de la premlere tension
premiere tension d'allmentation.                 d'alimentation. 5. Circuit
suivant la revendication 4, caractfisb en  10. Circuit suivant la
revendication 9, caracterisi en ce quo le premier et le second circuit de
verrouil-  ce qua chaque amplificateur comprend un tran- lage de tension
comprennent respectivement un  25  sistor bipolaire ayant une base, un
emetteur et un premier et un second amplificateur de verroulila-
collecteur couples respectivement b l electrode ge du second type de
polarit, le premier et le se-  de commando, la premiere electrode et la
secon- cond amplificateur de verrouillage ayant des      de lectrode de cot
amplificateur. electrodes de commando respectives afin de re- covoir la
tension de rifirence, des premiires  30  11. Circuitsuivant la
revendication I10, caractirisi en electrodes de courant respectives
couplies res-   ce quo (a) le premier circuit de verrouillage pectivement
au premier et au second noeud, et     comprend en plus un premier
transistor de des secondes electrodes respectives coupleos a
verrouillage coupli entre Is troisieme noeud et la source de Is premiere
tension d'alimentation.  I'imetteur du transistor dans le premier amplifi-
3S     cateur de verrouillage et (b) le second circuit de 6. Circuit
suivant la revendication 4, caracterise on  verrouillage comprend en plus
un second transis- ce quo des porteurs de charge qui se depiacent    tor de
verrouillage couple entre le quatrieme entre les electrodes de courant de
chaque ampli-  noeud et l'imetteur du transistor dans le second ficatbur
provionnent de sa premiere electrode et  amplificateur de verroulliage.
aboutissent a sa secondo ilectrode sous la  40 commando de son electrode de
commando.         12. Circuit suivant Ia revendication 11, caractinisi en
ce quo chaque ilement de diplacement de ni- 7. Circuit suivant la
rqvendication 3, caracterisi en  veau comprend au moins une diode. coe quo
le second moyen diffirentiel comprend (a) un premier element de
deplacementde niveau   45  13 Circuit sulvantla revendication 11.
caractrise on de tension coupli au chemin entre le premier      co quo les
transistors dans Is premier et le se- noeud et la premiere 6lectrode du
trobsieme am-   cond amplificatur de verrouillage et dans le trol-
plificateur et (b) un second element de deplace-  sieme et le quatrieme
ampliflcateurd'entree sont ment de niveau de tension couple au chemin en-
des transistors PNP les autres transistors etant tre le second noeud et la
premiere ilectrode du  50  tous des transistors NPN. quatrieme
smplificateur. 14. Circuit suivantla rovendication 11, caractiris en 8.
Circuit suivant la revendlcation 7, caracterise en  co que la tension de
reference est pratiquement ce quo le moyen de commando de courant
igalea Ala tension de commando. comprend (a) un premier circuit de
verrouillage  5S de tension coupli entre Ia source de la premnlere tension
d'alimentation et un troisibme .noeud sl- tue sur le chemin entre le
premier iliment de de- 1 2             _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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