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of an amplifier A, the second main electrode of the first transistor NI is
coupled to an Inverting input V2 The invention relates to an
amplifierarrangement  of the amplifier Aand a first reference-voltage
termi- for amplifying an input signal, the arrangement com-  nal 2 is
coupled to a non-inverting input V1 of the am- prising an input terminal
for receiving the input signal,   5   plifier. A quite similar approach is
known from Elec- a first transistor having a control electrode, a first
tronic Engineering, Vol. 53, No. 647, January 1981, main electrode coupled
to a first supply-voltage ter-  pages 59, 83-85, London GB, M.A. Rehman,
MOS- minal, and a second main electrode, a second tran-  FET Analog
integrated circuits Part 3. sistor having a control electrode, a first main
elec-  In the cascode arrangement known from the Jap- trode coupled tothe
second main electrodeofthefirst  10  anese patentapplication the potential
ofthefirst main transistor, and a second main electrode coupled both
electrode of the second transistor N2 is maintained to a second
supply-voltage terminal via a first current  substantially constant by
employing the amplifier A. source and to an output terminal for supplying
an out-  This is achieved by negative feedback of the potential put signal,
the control electrode of the second tran-  variations on said electrode to
the control electrode sistor being coupled to an output of an amplifier,
the   15  of the second transistor N2 via the amplifier A. This second main
electrode of the first transistor being  causes the gain of the amplifier
arrangement to in- coupled to an inverting input of the amplifier, and a
crease by the gain of said amplifier A without the uni- non-inverting input
of the amplifier being coupled to  ty-gain-bandwidth being adversely
affected. The am- a first reference-voltage terminal for receiving a first
plifier A need not to have a large bandwidth. As a re- reference voltage.
20  sult of this, the amplifier A can be of simple construc- Such an
amplifier arrangement is known from    tion and can be integrated on a
small surface area. Japanese patent application JP-A-59-12603. In gen-
In the known amplifierarrangement the input sig- eral, such an amplifier
arrangement can be used for  nal Vin is applied to the control electrode of
the first amplifying a voltage In integrated semiconductor cir-  transistor
N1. A drawback of this construction is the cuits. The first and second
transistors are connected   25  rather limited voltage swing of the input
signal. There- in cascode arrangement, as is known inter alla from  fore,
it is an object of the invention to provide an am- the book "CMOS analog
circuit design" by P.E. Allen  plifier arrangement having more Input
voltage swing. and D.R. Holberg, published In 1987, see Fig. 6.3-1  In
accordance to the invention the amplifier arrange- on page 288. Fig. I
shows this known cascode am-   ment is characterized in that the amplifier
arrange- plifler arrangement In which the control electrode of  30  ment
further comprises an input transistor having a the second transistor N2 is
coupled to a reference vol-  control electrode coupled to the input
terminal, a first tage terminal 2 for receiving a reference voltage  main
electrode coupled to the second supply-voltage Vref1. The first transistor
N1 converts the Input vol-  terminal via a bias current source and a second
main tage Vin applied at its control electrode into a current  electrode
coupled to the first main electrode of the which is proportional to the
Input voltage and which  35  second transistor, and in that the control
electrode of produces potential variations on the first main elec-  the
first transistor Is coupled to a further reference- trode of the second
transistor N2. These variations,  voltage terminal for receiving a further
reference vol- amplified by the gain factor of the second transistor  tage.
N2, appear on the output terminal 3 of the amplifier  The control electrode
of the first transistors now arrangement The overall gain Is therefore
equal to  40  coupled to a reference voltage and the input terminal the
product of the gain factors of the firsttransistor N1  is coupled to the
control electrode of the input tran- and the second transistor N2.
Consequently, the sec-  sistor. The input transistor forms a folded cascode
ond transistor N2 makes the gain of the arrangement  with the second
transistor allowing a greater input vol- higher than that of an amplifier
arrangementcompris-  tage swing. ing only one transistor. This also results
in an in-  45  A first embodiment of an amplifier arrangement creased
outputimpedance. In orderto achieve a large  in accordance with the
Invention may be character- unity-gain-bandwidth by means of this cascode
ar-  ized in that the amplifier comprises a third transistor rangement
large bias currents and transistors having  having a control electrode
coupled to the inverting In- a very short channel length are needed.
However,   put of the amplifier, a first main electrode coupled to this
results in the output impedance and hence the   50  the non-inverting Input
of the amplifier and a second gain being reduced substantially.
Consequently, this  main electrode coupled both to the output of the am-
known cascode arrangement is not capable of provid-  plifier and via a
second current source to the second ing both a large unity-gain-bandwidth
and a high gain.  supply-voltage terminal, the first reference-voltage In
order to provide both a high gain and a large  terminal being coupled to
the first supply-voltage ter- unity-gain-bandwidththe above mentioned
Japanese  55  minal. The amplifier is constituted by means of the patent
application discloses a cascode arrangement  third transistor, as known per
se from the above men- wherein, as shown In Fig. 2, the control electrode
of  tioned Japanese patent application. the second transistor N2 is coupled
to an output V0   A second embodiment of an amplifier arrange- 2  



3             EP 0 397 240 B1                  4 ment in accordance with
the invention may be char-  second main electrode of the third transistor
and the acterized. in that the control electrode of the third  outputof the
amplifier and the first supply-voltage ter- transistor Is coupled to the
inverting input of the am-  minal and the second supply-voltage terminal,
the plifier via a level-shifting circuit comprising a fourth  ladder
network comprising m cascoded ladder ele- transistor having a control
electrode coupled to the In-   5   ments, m being equal orgreaterthan 1,
each compris- verting input of the amplifier, a first main electrode  ing a
first ladder transistor and a second ladder tran- coupled both to the
second supply-voltage terminal  sistor and a current source, j being a
sequence num- via a third current source and to the control electrode  ber
smaller than or equal to m, each ladder element of the third transistor,
and a second main electrode  having six terminals, a first terminal being
coupled to coupled to the first supply-voltage terminal. The level  10  the
first main electrode of the first ladder transistor shifting circuit
provides a lower potential on the first  and to the control electrode ofthe
second laddertran- main electrode of the second transistor as compared
sistor, a second terminal being coupled to second with the first
embodiment, so that the output voltage  main electrode of thefirst
laddertransistor, athird ter- swing of the amplifier arrangement can be
larger. This  minal being coupled to the first main electrode of the is of
particular importance in the case of low supply  15  second ladder
transistor, a fourth terminal being cou- voltages.
pled to the current source, a fifth terminal being cou- A third embodiment
of an amplifier arrangement   pled to the second main electrode of the
first ladder in accordance with the invention may be character-  transistor
and the sixth terminal being coupled both Ized In that a ladder network
(S1..Sn) Is arranged be-  to the control electrode of the first ladder
transistor tween the inverting input of the amplifier and the first  20
and to the current source, each ladder element having main electrode of the
second transistor and the sec-  Its first terminal and its second terminal
coupled re- ond main electrode of the third transistor and the out-
spectively to the fifth terminal and to the sixth termi- put of the
amplifier, the ladder network comprising n  nal of a preceding ladder
element, the third terminal cascoded ladder elements, n being equal or
greater  and the fourth terminal of a ladder element being cou- than 1,
each comprising a first ladder transistor and   25  pled to the first
supply-voltage terminal and the sec- a second ladder transistor, i being a
sequence num-  ond supply-voltage terminal respectively, the first ter- ber
smaller than or equal to n, each ladder element  minal and the second
terminal of the first ladder ele- having fourterminals, a first terminal
being coupled to  ment being coupled to the second main electrode of the
first main electrode of the first ladder transistor,  the third transistor
and to the output of the amplifier a second terminal being coupled to both
the control  30  respectively, and the fifth terminal and the sixth ter-
electrode of the first ladder transistor and to the first  minal of the
last ladder element being coupled to one main electrode of the second
ladder transistor, a third  another. terminal being coupled to the second
main electrode     The addition of each ladder element also In this of the
first ladder transistor and to the control elec-  case leads to an
increased overall gain, so that again trode of the second laddertransistor,
and a fourth ter-  35  a very high gain van be obtained. Moreover, in order
minal being coupled to the second main electrode of  to achieve a constant
voltage swing of the output sig- the second ladder transistor, each ladder
element   nal, the difference between the first and second sup- having its
first terminal and its second terminal cou-  ply voltages need not increase
when a ladder element pled respectively to the third terminal and to the
fourth  is added. terminal of a preceding ladder element, the first ter-
40  The invention will now be described in more de- minal and the second
terminal of the first ladder ele-  tall, by way of example, with reference
to the accom- ment being coupled to the inverting Input of the am-  panying
drawings, In which plifler and the second main electrode of the third tran-
Fig. 1 shows a prior-art amplifier arrangement, sistor respectively, and
the third terminal and the     Fig. 2 shows a prior-art amplifier
subcircuit for fourth terminal of the last ladder element being cou-  45
use in an amplifier arrangement according to the pled to the first main
electrode of the second transis-  invention, tor and to the output of the
amplifier respectively.    Fig. 3 shows a Bode diagram of the subcircuits
The addition of each ladder element leads to an     shown In Fig. I and 2,
increase in the gain of the amplifier arrangement, so   Fig. 4 shows a
subcircuit for use in an amplifier that a very high gain can be attained.
This is because   50  arrangement according to the invention, every
transistor in a ladder element provides an am-    Fig. 5 shows a subcircuit
for use in an amplifier plification of the voltage on its first main
electrode to  arrangement according to the invention, the voltage on its
second main electrode, so that the   Fig. 6 shows a subcircuit for use in
an amplifier overall gain Increases by the gain factor of said tran-
arrangement according to the. invention, sistor.
55        Fig. 7 shows a subcircuit for use In an amplifier Afourth
embodimentofan amplifier arrangement         arrangement according to the
invention, in accordance with the Invention may be character-      Fig. 8
shows a subcircuit for use in an amplifier ized in that a ladder network is
arranged between the   arrangement according to the invention, 
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coupled both to the supply-voltage  plifier arrangement for use in
accordance with the in- terminal Vdd by a third current source J3 and to
the  vention, in which like parts bear the same reference control electrode
of the transistor N3. Since the tran-  numerals as in Fig. 4. The
arrangement also compris- sistor P1 is of a conductivity type opposite to
that of  es a ladder network in order to increase the gain. The the
othertransistors the voltage on the inverting input   5   ladder network Is
coupled between the second main v2 of the amplifier A is at least equal to
the threshold  electrode of the transistor N3 and the output vO of the
voltage of the transistor N3 minus the threshold vol-  amplifier on the one
hand and the two supply-voltage tage of the transistor P1. Consequently,
the output  terminals Vss and Vdd on the other hand. The ladder voltage
Vout will have a larger maximum voltage    network comprises m cascoded
ladder elements Pj, swing than the outputvoltage Vout in the arrangement
10  which each comprise two transistors Njc and Njd and shown in Fig. 4,
where the voltage on the inverting in-  a current source Jj+5, j being a
sequence number putv2 of the amplifier A is at least equal to the thresh-
largerthan n and smaller than or equal to n+m. Each old voltage of the
transistor N3.                  ladder element Pj comprises six terminals,
the first Fig. 6 shows a third implementation of the ampli-  terminal j1
being coupled to the first main electrode fier arrangement, In which like
parts bear the same   15  of the transistor Njc and to the control
electrode of the reference numerals as in Fig. 4. In this Figure a ladder
transistor Njd, the second terminal j2 being coupled network is arranged
between the inverting input v2 of  to the second main electrode of the
transistor Njc, the the amplifier A and the first main electrode of the
tran-  third terminal J3 being coupled to the first main elec- sistor N2 on
the one hand and the second main elec-  trode of the transistor NJd, the
fourth terminal j4 being trode of the transistor N3 and the outputvO of the
am-  20  coupled to the current source Jj+5, the fifth terminal plifier Aon
the other hand. The ladder network com-  j5 being coupled to the second
main electrode of the prises n cascoded ladder elements Si, each compris-
transistor Njc, and the sixth terminal j6 being coupled ing two transistors
Nia and Nib, where I is a sequence  both to the control electrode of the
transistor Njc and number smaller than or equal to n. Each ladder ele-  to
the current source Jj+5. Each ladderelementPj has ment Si has four
terminals, the first terminal i1 being   25  its first terminal j1 and its
second terminal j2 coupled coupled to the first main electrode of the
transistor  respectively to the fifth terminal j5 and the sixth ter- Nia,
the second terminal i2 being coupled both to the  minal j6 of a preceding
ladder element Pj-1, the third control electrode of the transistor Nia and
to the first  terminal j3 and the fourth terminal j4 of a ladder ele- main
electrode of the transistor Nib, the third terminal  ment Pj being coupled
to the supply-voltage terminals i3 being coupled both to the second main
electrode of  30  Vss and Vdd respectively, the first terminal j1 and the
the transistor Nia and to the control electrode of the  second terminal j2
of the first ladder element Pn+1 transistor Nib, and the fourth terminal i4
being cou-  being coupled to the second main electrode of the pled to the
second main electrode of the transistor  transistor N3 and the output v0 of
the amplifier A re- Nib. Each ladder element Si has Its first terminal i1
spectively, and the fifth terminal j5 and the sixth ter- and its second
terminal i2 coupled respectively to the   35  minal j6 of the last ladder
element Pm being coupled third terminal i3 and to the fourth terminal i4 of
a pre-  to one another. An advantage of this construction of ceding ladder
element Si-I, the first and the second  the ladder network is that the
supply-voltage differ- terminal 11 and i2 of the first ladder element S1
being  ence need not increase asthe numberof network ele- coupled to the
inverting inputv2 of the ampilfier A and  ments Sj increases. Each
additional ladder element the second main electrode of the transistor N3
re-  40  Sj provides both cascoding of a transistor in the cas- spectively,
and the third and the fourth terminal n3  cade circuit and negative
feedback of the potential on and n4 of the last ladderelement Sn being
coupled to  the first main electrode ofthe transistor Njc by means the
first main electrode of the transistor N2 and the  of a transistor Njd.
This results in an increased gain outputvO of the amplifier A respectively.
The function  of the arrangement and it enables any desired value of each
ladder element Si is to increase the gain of the   45  to be obtained by
changing the number of ladder ele- entire circuit arrangement. To this end
each transistor  ments. amplifies the voltage on its first main electrode
to the  Fig. 8 shows a fifth implementation of the ampli- voltage on its
second main electrode and thus aug-  fier arrangement used in accordance
with the inven- ments the overall gain by Its gain factor. Moreover,  tion,
in which like parts bear the same reference nu- negative feedback is
provided of the potential on the   50   merals as in Fig. 2. In this
arrangement the amplifier first main electrode of each transistor to its
control  A is formed by means of a folded cascode circuit em- electrode.
For the transistor N1a this Is achieved by  ploying a third, a fourth, a
fifth and a sixth transistor means of the transistor N3, for the transistor
N1b by  P2, P3, N4 and N5, a second current source J4 and the transistor
Ni1 etc. When this ladder network is  a third current source J5, a second
reference voltage used the difference between the two supply voltages  55
terminal 4 and a third reference voltage terminal 5 for Vdd and Vss should
be adequate for the number of   applying the reference voltages Vref2 and
Vref3 re- 



ladder elements used.                              spectively. The
transistor P2 is coupled to the invert- Fig. 7 shows a fourth
implementation of the am-  ing inputv2 of the amplifier A via its control
electrode 5    9               EP 0 397 240 B1                  10 and to
the second supply-voltage terminal Vdd by    tween the first main electrode
of the transistor P1 and means of the current source J4 via its first main
elec-  the current source J3, which transistor P4 has its con- trode. The
transistor P3 has Its control electrode cou-  trol electrode coupled to the
inverting input v2 of the pled both to the non-inverting input v1 of the
amplifier  amplifier A, its first main electrode to the current A and to
the reference-voltage terminal 2 for the ref-   5   source J3, and its
second main electrode to the tran- erence voltage Vref1, has its first main
electrode cou-  sistor P1. Moreover, the transistor N7 is arranged be- pled
to the first main electrode of the third transistor  tween the second main
electrode of the transistor N3 P2, and has its second main electrode
coupled to the  and the output v0 of the amplifierAand has its control
first supply-voltage terminal Vss. The transistor N4 Is  electrode coupled
to the first main electrode of the coupled to the reference-voltage
terminal 4forthe ref-  10  transistor P4, its first main electrode to the
second erence voltage Vref2 via its control electrode and to  main
electrode of the transistor N3 and its second the first supply-voltage
terminal Vss via its first main  main electrode to the current source J2.
This arrange- electrode. The transistor N5 is coupled to the refer-  ment
also enables a comparatively large output vol- ence voltage terminal 5 for
the reference voltage   tage swing to be obtained. Cascoding in this way
re- Vref3 via Its control electrode, to the second main  15  sults in an
increase in the overall gain, as compared electrodes of both the transistor
P2 and the transistor  with the arrangement shown in Fig. 5, by the gain
fac- N4 via its first main electrode, and to the second sup-  tor of the
transistor N7. The transistors P1 and P4 are ply-voltage terminal Vdd by
the current source J5 and  of a conductivity type opposite to that of the
other to the output v0 of the amplifier A via its second main  transistors
and operate as source followers. electrode. The transistors P2 and P3 are
both of a   20  Fig. 11 shows an operational amplifier In accor-
conductivity type opposite to that of the other transis-  dance with the
invention comprising amplifier ar- tors and together constitute a
differential pair. Conse-  rangements as shown in Fig. 2. The operational
am- quently, the signal on the Inverting input V2 of the am-  plifier
comprises a symmetrical input stage I and two plifier A is amplified to the
second main electrode of  mutually similar output stages EF and GH. The
input the transistor N4, after which the transistor N4 again  25  stage I
comprises two transistors N8 and N9 ar- amplifies the signal to the output
vO of the amplifier  ranged as a differential pair and having their
mutually A. This arrangement also has the advantage that the  coupled first
main electrodes coupled both to the sup- output voltage swing can be
comparatively large be-  ply voltage terminal Vss by a current source J6
and cause in the balanced state the voltage on the invert-  to the supply
voltage terminal Vdd by two transistors ing inputV2 of the amplifier A is
dictated by the refer-  30   NIO and Nil which are arranged completely in
paral- ence voltage Vref1.                                 lel. The first
main electrodes of the transistors NIO Fig. 9 shows a sixth implementation
of the ampli-  and N11 are connected to the corresponding electro- fier
arrangement for use accordance with the inven-  des of the transistors N8
and N9, a reference voltage tion, in which like parts bear the same
reference nu-  Vref4 being applied to the control electrodes of the merals
as in Fig. 8. In this embodiment, however, the   35  transistors NIO and
Nil. The control electrodes of transistor P3 and the current source J4 are
replaced  the transistors N8 and N9 are coupled to a terminal by a
transistor N6, which has its control electrode  I EF and a terminal 1GH
respectively, the terminal coupled both tothe non-inverting output v1 of
the am-  1EF being arranged to receive an input signal VinEF plifier A and
tothe reference-voltage terminal 2 for the  and theterminal IGH being
arranged to receive an in- reference voltage Vref1, which has its first
main elec-  40   put signal VinGH. The input stage I drives the output
trode coupled to the first main electrode of the tran-  stages EF and GH
via the second main electrodes of sistor P2, and which has its second main
electrode  the transistors N8 and N9, which output stages each coupled to
the second supply-voltage terminal Vdd.  comprise an amplifier section, EE
and GG respec- This modification of the circuit arrangement as shown
tively, and a current-source section, FF and HH re- in Fig. 8 has the
advantage that the currentwhich was   45  spectively. The amplifier section
EE comprises a drained via the transistor P3 is saved. In the balanced
transistor P1E, having its control electrode coupled state the voltage on
the inverting input v2 of the am-  to a terminal 1E arranged to receive a
reference vol- plifier A is equal to the reference voltage Vref1 minus
tage VrefE, having its first main electrode coupled to at least the
threshold voltage of both the transistor N6  the supply voltage terminal
Vdd, and having its sec- and the transistor P2, so that again a maximum
vol-  50   ond main electrode coupled to an inverting input of an tage
swing on the output 3 is attainable.           amplifier E, to a first main
electrode of a transistor Fig. 10 shows a seventh implementation of the
P2E, and to the second main electrode of the transis- amplifier arrangement
for use in accordance with the  tor N8. The second main electrode of the
transistor invention, in which like parts bearthe same reference  P2E is
coupled to an output terminal 3EF arranged to 



numerals as in Fig. 5. Both the transistor P1 and the   55   supply an
output signal VoutEF and the control elec- transistor N3 In this
arrangement are cascoded by   trode of the transistor P2E is coupled to an
output of means of the transistor P4 and the transistor N7 re  the
amplifier E, which has its non-inverting input cou- spectively. Thus, the
transistor P4 is arranged be-  pled to a terminal 2E arranged to receive a
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voltage Vref1E. The current-source section FF com-    The operational
amplifier shown herein thus prises a transistor N1F having its control
electrode  comprises two output stages operating similarly to coupled to a
terminal 1F arranged to receive a refer-  the amplifier arrangement shown
in Fig. 2 but in ence voltage VrefF, having its first main electrode  which
the inputsignals VinEF and VinGH are each ap- coupled to the supply voltage
terminal Vss, and hav-   5   plied via a folded cascode pair, the
transistors PIE ing its second main electrode coupled to an inverting  and
P1G merely being co-decisive for the bias cur- input of an amplifier F and
to a first main electrode of  rents in the amplifier. The amplifier
sections EE, EF, a transistor N2F. The second main electrode of the  GS and
HH can each be implemented in various transistor N2F is coupled to the
output terminal 3EF  ways, for example like one of the amplifier arrange-
and the control electrode of the transistor N2F is cou-  10   ments in the
preceding Figures. In case of sections pled to an output of the amplifier
F, which has its non-  EE and SS the supply voltages and the conductivity
inverting input coupled to a terminal 2F arranged to  type of the
transistors shown in the preceding figures receive a reference voltage
Vref1F. The amplifier sec-  should be reversed. In all cases the terminal 1
shown tion GG comprises a transistor P1G having its control  in the
preceding figures must be connected to a ref- electrode coupled to a
terminal 1G arranged to re-  15  erence voltage. For an optimum operation
of the am- ceive a reference voltage VrefG, having its first main  plifier
arrangements shown In all the Figures the cur- electrode coupled to the
supply voltage terminal Vdd,  rent sources coupled to the relevant output
terminals and having its second main electrode coupled to an  should have a
high impedance in order to obtain a inverting Input of an amplifier G, to a
first main elec-  high output impedance and a high gain. The current trode
of a transistor P2G and to the second main elec-  20  source sections FF
and HH shown in Fig. 11 are ex- trode of the transistor N9. The second main
electrode  emplary of such current sources. of the transistor P2G is
coupled to an output terminal 3GH arranged to supply an outputsignal
VoutGH, and the control electrode of the transistor P2G is coupled  Claims
to an output of the amplifier G, which has its non-in-  25 verting Input
coupled to a terminal 2G arranged to re-  1. An amplifier arrangement for
amplifying an input ceive a reference voltage Vref1G. The current-sour-
signal, the arrangement comprising an input ter- ce-section HH comprises a
transistor N1H having its   minal (1EF;1) for receiving the input signal, a
first control electrode coupled to a terminal 1H arranged   transistor
(P1E;N1) having a control electrode, a to receive a reference voltage
VrefH, having its first  30  first main electrode coupled to a first
supply-vol- main electrode coupled to the supply voltage terminal  tage
terminal [err], and a second main electrode, Vss, and having its second
main electrode coupled to   a second transistor (P2E;N2) having a control
an inverting input of an amplifier H and to a first main  electrode, a
first main electrode coupled to the electrode of a transistor N2H. The
second main elec-   second main electrode of the first transistor trode of
the transistor N2H is coupled to the output  35  (P1E;N1), and a second
main electrode coupled terminal 3GH and the control electrode of the
transis-  both to a second supply-voltage terminal [err] via tor N2H is
coupled to an output of the amplifier H,    a first current source (FF;J1)
and to an output ter- which has its non-inverting input coupled to a
terminal  minal (3EF;3) for supplying an output signal, the 2H arranged to
receive a reference voltage Vref1H.    control electrode of the second
transistor In the operational amplifier of this construction   40  (P2E;N2)
being coupled to an output ( ;VO) of an both the transistors N8 and P2E and
the transistors    amplifier (E;A), the second main electrode of the N9 and
P2G each constitute a folded cascode pair,      first transistor (P1E;N1)
being coupled to an in- the transistors N10 and N11 dictating the voltages
on  verting input (- ;V2) of the amplifier (E;A), and a the Input terminals
1EF and 1GH depending on the       non-inverting input (+;V1) of the
amplifier (E;A) reference voltage Vref4 and the current of the current  45
being coupled to a first reference-voltage termi- source J6. As a result of
the use of said folded cas-  nal (2E;2) for receiving a first reference
voltage, code pairs the relevant voltages can be controlled in
characterized in that the amplifier arrangement such a manner that the
input signals VinEF and         further comprises an Input transistor (N8)
having VinGH can each assume a maximum amplitude dic-         a control
electrode coupled to the input terminal tated by the supply voltages. An
alternative to the il-  50  (I EF), a first main electrode coupled to the
sec- lustrated method of driving the two output stages EF   ond
supply-voltage terminal [err] via a bias cur- and GH, In which the input
stage I is dispensed with,  rent source (J6) and a second main electrode 



is to apply the respective input signals VinEF and     coupled to the first
main electrode of the second VinGH either to the terminals 1E and 1G or to
the ter-  transistor (P2E), and in that the control electrode minals 1F and
1H. However, the last-mentioned driv-  55  of the first transistor (P1E) is
coupled to a further ing method means that the functions of the output-
reference-voltage terminal (1E) for receiving a stage sections EE and FF
and those of the output-sta-  further reference voltage. ge sections GG and
HH are interchanged. 7    11                  EP 0 397 240 B1
12 voltage Vrefl E. The current-source section FF com-    The operational
amplifier shown herein thus prises a transistor N1F having its control
electrode  comprises two output stages operating similarly to coupled to a
terminal 1F arranged to receive a refer-  the amplifier arrangement shown
in Fig. 2 but in ence voltage VrefF, having its first main electrode  which
the input signals VinEF and VinGH are each ap- coupled to the supply
voltage terminal Vss, and hav-   5   plied via a folded cascode pair, the
transistors PIE Ing its second main electrode coupled to an inverting  and
P1G merely being co-decisive for the bias cur- input of an amplifier F and
to a first main electrode of  rents in the amplifier. The amplifier
sections EE, EF, a transistor N2F. The second main electrode of the  GS and
HH can each be Implemented In various transistor N2F is coupled to the
output terminal 3EF  ways, for example like one of the amplifier arrange-
and the control electrode of the transistor N2F Is cou-  10   ments in the
preceding Figures. In case of sections pled to an output of the amplifier
F, which has its non-  EE and SS the supply voltages and the conductivity
Inverting input coupled to a terminal 2F arranged to  type of the
transistors shown In the preceding figures receive a reference voltage
Vref1F. The amplifier sec-  should be reversed. In all cases the terminal 1
shown tion GG comprises a transistor P1G having its control  in the
preceding figures must be connected to a ref- electrode coupled to a
terminal 1G arranged to re-  15  erence voltage. Foran optimum operation of
the am- ceive a reference voltage VrefG, having its first main  plifier
arrangements shown In all the Figures the cur- electrode coupled to the
supply voltage terminal Vdd,  rent sources coupled to the relevant output
terminals and having its second main electrode coupled to an  should have a
high impedance in order to obtain a inverting input of an amplifier G, to a
first main elec-  high output impedance and a high gain. The current trode
of a transistor P2G and tothe second main elec-  20  source sections FF and
HH shown In Fig. 11 are ex- trode of the transistor N9. The second main
electrode  emplary of such current sources. of the transistor P2G is
coupled to an output terminal 3GH arranged to supply an output signal
VoutGH, and the control electrode of the transistor P2G is coupled  Claims
to an output of the amplifier G, which has its non-in-  25 verting input
coupled to a terminal 2G arranged to re-  1. An amplifier arrangement for
amplifying an input ceive a reference voltage Vref1G. The current-sour-
signal, the arrangement comprising an Input ter- ce-section HH comprises a
transistor N1H having its    minal (1 EF;1) for receiving the input signal,
a first control electrode coupled to a terminal 1H arranged    transistor
(P1E;N1) having a control electrode, a to receive a reference voltage
VrefH, having its first  30  first main electrode coupled to a first
supply-vol- main electrode coupled to the supply voltage terminal  tage
terminal [err], and a second main electrode, Vss, and having it second main
electrode coupled to     a second transistor (P2E;N2) having a control an
inverting input of an amplifier H and to a first main  electrode, a first
main electrode coupled to the electrode of a transistor N2H. The second
main elec-   second main electrode of the first transistor trode of the
transistor N2H is coupled to the output  35  (P1E;N1), and a second main
electrode coupled terminal 3GH and the control electrode of the transis-
both to a second supply-voltage terminal [err] via tor N2H is coupled to an
output of the amplifier H,     a first current source (FF;J1) and to an
output ter- which has its non-inverting input coupled to a terminal  minal
(3EF;3) for supplying an output signal, the 2H arranged to receive a
reference voltage Vref1H.    control electrode of the second transistor In
the operational amplifier of this construction   40  (P2E;N2) being coupled
to an output ( ;V0) of an both the transistors N8 and P2E and the
transistors    amplifier(E;A), the second main electrode of the N9 and P2G
each constitute a folded cascode pair,      first transistor (P1E;N1) being
coupled to an in- the transistors N10 and N11 dictating the voltages on
verting input (- ;V2) of the amplifier (E;A), and a the Input terminals 1EF
and 1GH depending on the        non-inverting Input (+;V1) of the amplifier
(E;A) reference voltage Vref4 and the current of the current  45  being
coupled to a first reference-voltage termi- source J6. As a result of the
use of said folded cas-   nal (2E;2) for receiving a first reference
voltage, code pairs the relevant voltages can be controlled In
characterized In that the amplifier arrangement such a manner that the
input signals VinEF and         further comprises an input transistor (N8)
having VinGH can each assume a maximum amplitude dic-         a control
electrode coupled to the input terminal tated by the supply voltages. An
alternative to the il-  50  (1EF), a first main electrode coupled to the
sec- 



lustrated method of driving the two output stages EF   ond supply-voltage
terminal [err] via a bias cur- and GH, In which the Input stage I is
dispensed with,  rent source (J6) and a second main electrode is to apply
the respective input signals VinEF and     coupled to the first main
electrode of the second VinGH either to the terminals 1E and 1G or to the
ter-  transistor (P2E), and In that the control electrode minals 1F and 1H.
However, the last-mentioned driv-  55  of the first transistor(P1E) is
coupled to a further ing method means that the functions of the output-
reference-voltage terminal (1 E) for receiving a stage sections EE and FF
and those of the output-sta-  further reference voltage. ge sections GG and
HH are interchanged. 7    13                  EP 0 397 240 B1
14 2. An amplifier arrangement as claimed in Claim 1,       and the third
terminal (n3) and the fourth terminal characterized in that the amplifier
(E;A) compris-   (n4) of the last ladder element (Sn) being coupled es a
third transistor (N3) having a control elec-    to the first main electrode
of the second transis- trode coupled to the inverting input (V2) of the
tor (N2) and to the output (VO) of the amplifier (A) amplifier (A), a first
main electrode coupled to the   5  respectively. non-inverting input (VI)
of the amplifier (A) and a second main electrode coupled both to the out-
5. An amplifier arrangement as claimed in Claim 2, put (V0) of the
amplifier (A) and via a second cur-  characterized in that a ladder network
(P1 ..Pn) is rent source (J2) to the second supply-voltage ter-   arranged
between the second main electrode of minal [err], the first
reference-voltage terminal  10  the third transistor (N3) and the output
(V0) of the (2) being coupled to the first supply-voltage ter-   amplifier
(A) and the first supply-voltage terminal minal [err].
[err] and the second supply-voltage terminal [err], the ladder network
comprising m cascoded 3. An amplifier arrangement as claimed in Claim2,
ladder elements (P1 ,Pj,Pm), m being equal or characterized in that the
control electrode of the   is  greater than 1, each comprising a first
ladder third transistor (N3) is coupled to the Inverting in-  transistor
(Njc) and a second ladder transistor put (V2) of the amplifier (A) via a
level-shifting   (Njd) and a current source (Jj+5), j being a se- circuit
comprising a fourth transistor (P1) having   quence number smaller than or
equal to m, each a control electrode coupled to the inverting Input
ladder element (Pj) having six terminals, a first (V2) of the amplifier
(A), a first main electrode   20  terminal (j1) being coupled to the first
main elec- coupled both to the second supply-voltage termi-     trode of
the first ladder transistor (Njc) and to the nal [err] via a third current
source (J3) and to the  control electrode of the second ladder transistor
control electrode of the third transistor (N3), and  (Njd), a second
terminal 02) being coupled to sec- a second main electrode coupled to the
first sup-    ond main electrode of the first ladder transistor ply-voltage
terminal [err].                 25       (Njc), a third terminal (j3) being
coupled to the first main electrode of the second ladder transis- 4. An
amplifier arrangement as claimed in Claim 2,       tor (Njd), a fourth
terminal (j4) being coupled to characterized in that a ladder network (S1
..Sn) is  the current source (Jj+5), a fifth terminal (j5) be- arranged
between the inverting input (V2) of the     ing coupled to the second main
electrode of the amplifier (A) and the first main electrode of the   30
first ladder transistor (Njc) and the sixth terminal second transistor (N2)
and the second main elec-     (j6) being coupled both to the control
electrode of trode of the third transistor (N3) and the output    the first
ladder transistor (Njc) and to the current (VO) of the amplifier(A), the
ladder network com-    source (Jj+5), each ladder element (Pj) having its
prising n cascoded ladder elements (S1,Si,Sn), n     first terminal (j1)
and its second terminal (j2) cou- being equal or greater than 1, each
comprising a   35  pled respectively to the fifth terminal 05) and to first
ladder transistor (Nia) and a second ladder    the sixth terminal 06) of a
preceding ladder ele- transistor (Nib), I being a sequence number
ment (Pj-1), the third terminal 03) and the fourth smaller than or equal to
n, each ladder element      terminal (j4) of a ladder element (Pj) being
cou- (Si) having four terminals, a first terminal (il) be-  pled to the
first supply-voltage terminal [err] and Ing coupled to the first main
electrode of the first  40  the second supply-voltage terminal [err]
respec- ladder transistor (Nia), a second terminal (i2) be-   tively, the
first terminal (j1) and the second termi- Ing coupled to both the control
electrode of the     nal (j2) of the first ladder element (P1) being cou-
first ladder transistor (Nia) and to the first main   pled to the second
main electrode of the third electrode of the second ladder transistor
(Nib), a   transistor (N3) and to the output (VO) of the am- third terminal
(13) being coupled to the second   45  plifier (A) respectively, and the
fifth terminal 05) main electrode of the first ladder transistor (Nia)  and
the sixth terminal 06) of the last ladder ele- and to the control electrode
of the second ladder    ment (Pm) being coupled to one another. transistor
(Nib), and a fourth terminal (i4) being 



coupled to the second main electrode of the sec-  6. An amplifier
arrangement as claimed in Claim 1, ond ladder transistor (Nib), each ladder
element  so  characterized in that the amplifier (A) comprises (Si) having
its first terminal (i1) and Its second   a third transistor (P2) having a
first main elec- terminal (12) coupled respectively to the third ter-
trode, a second main electrode and a control minal (i3) and to the fourth
terminal (14) of a pre-  electrode, which is coupled to the inverting input
ceding ladder element (Si-1), the first terminal     (V2) of the amplifier
(A), a fourth transistor (i1) and the second terminal (i2) of the first
ladder  55  (P3;N6) having a control electrode coupled tothe element (SI)
being coupled to the Inverting input    non-inverting input (V1) of the
amplifier (A), a (V2) of the amplifier (A) and the second main        first
main electrode coupled to thefirstmain elec- electrode of the third
transistor (N3) respectively,  trode of the third transistor (P2), and a
second 8    15                  EP 0 397 240 B1                  16 main
electrode, a fifth transistor (N4) having a    wobei die Steuerelektrode
des zweiten Transi- control electrode coupled to a second reference-
store (P2i;N2) mit einem Ausgang ( ;VO) ines voltage terminal (4) for
receiving a second refer-  Verstarkers (E; A) gekoppelt ist, die zweite
Haupt- ence voltage, a first main electrode coupled to     elektrode des
ersten Transistors (P1 E;NI) mitel- the first supply-voltage terminal
[err], and a sec-   5  nem Invertierenden Elngang (-; V2) des Verstir- ond
main electrode, and a sixth transistor (N5)     kers (E; A) gekoppelt ist,
und ein nichtinvertieren- having a control electrode coupled to a third
ref-  der Eingang (+; VI) des VerstArkers (E; A) mit el- erence-voltage
terminal (5) for receiving a third   ner ersten Bezugsspannungskiemme (2E;
2) reference voltage, a first main electrode coupled   zum Empfangen einer
ersten Bezugsspannung to the second main electrode of both the third   10
gekoppelt ist, dadurch gekennzeichnet, dal& die transistor (P2) and the
fifth transistor (N4) and a  Verstarkeranordnung welterhin elnen Elngangs-
second main electrode coupled both to the sec-      transistor (N8)
enthalt, der eine Steuerelektrode ond supply-voltage terminal [err] via a
second      hat, die mit der Eingangsidemme (1 EF) gekoppelt current source
(J5) and to the output (V0) of the    s elne ersb Hauptelektrode, die
mittels einer amplifier (A).                             15
Ruhestromquelle (J6) mit der zweiten Speise- spannungeidemme (V,,)
gekoppelt lst, und sine 7. An amplifier arrangement as claimed In Claim 6,
zweite Hauptelektrode, die mit der ersten Haupt- characterized in that the
first main electrode of   elektrode des zweiten Transistors (P2E) gekop-
the fourth transistor (P3) is coupled to the second  pelt ist, und dall die
Steuerelektrode des ersten supply-voltage terminal [err] via a third
current  20  Transistors (PiE) mit elner welteren Bezugs- source (J4) and
the second main electrode of the    spannungsidemme (1 E) zum Empfangen
eaner fourth transistor (P3) is coupled to the first sup-  welteren
Bezugsspannung gekoppelt ist. ply-voltage terminal [err]. 2.
Verstarkeranordnung nach Anspruch 1, dadurch 8. An amplifier arrangement as
claimed in Claim 6,  25  gekennzelchnet, daiS der VerstArker (E; A) einen
characterized In that the second main electrode     dritten Transistor (N3)
umfalt, der eine Stbuer- of the fourth transistor (N6) is coupled to the
sec-  elektrode hat, die mit dem Invertierenden En- ond supply-voltage
terminal [err].                   gang (V2) des Verstirkers (A) gekoppelt
Ist, eine erste Hauptelektrode, die mit dem nichtinvertie- 9. An amplifier
arrangement as claimed In any one   30  renden Eingang (VI) des Verstarkers
(A) gakop- of the preceding Claims, characterized in that the  pelt Ist,
und sine zweibt Hauptelektrode, die so- amplifier arrangement further
comprises a refer-    wohl mit dem Ausgang (VO) des Verstarkers (A) ence
transistor (NIO) having a first main elec-     als auch mittels einer
zweiten Stromquelle (J2) trode coupled to the first main electrode of the
in-  mit der zweiten Spelsespannungsidemme (V,) put transistor (N8), a
second main electrode cou-  35  gekoppelt ist, wobel die erste
Bezugsspannungs- pied to the first supply-voltage terminal (V.) and  kiemme
(2) mit der ersten Spelsespannungs- a control electrode coupled to a second
further    kiemme (Vd) gskoppeit ist. reference-voltage terminal (Vref4).
3. Verstlrkeranordnung nach Anspruch 2, dadurch 40      gekennzeichnet,
dalS die Steuerelektrode des PatentansprOche
dritten Transistors (N3) mit dem invertierenden Eingang (V2) des
Verstarkers (A) mittels einer 1. Verstirkeranordnung zum Verstarken sines
Ein-        Pegelverschiebeschaltung gekoppelt let, die el- gangssignals,
wobel die Anordnung elne Ein-         nen vierten Transistor (P1) umfaSt,
dereine Steu- gangskiemme (1EF;1) zum Empfangen des Ein-  45
erelektrode hat, die mit dem invertierenden Ein- gangsslgnals umfaPt, sowie
einen ersten Transi-     gang (V2) des VerstArkers (A) gekoppelt ist, sine 



stor(Pi E;N1) miteinerStsuerelektrode, elnerer-     erste Hauptalektrode,
die sowohl mitderzweiten sten Hauptelektrode, die mit elnerersten Spelse-
Speisespannungskiemme (V..) mittels eaner drit- spannungskiemme (Vdj)
gekoppelt st, und einer       ten Stromquelle (J3) als such mit
derSteuerdlek- zwelten Hauptelektrode, einen zweiten Transi-  50   trode
des dritten Transistors (N3) gekoppelt ist, stor(P2E;N2)
mlteinerSteuerelektrode, sinerer-      und sine zwelte Hauptelektrode, die
mit der er- sten Hauptelektrode, die mit der zweiten Haupt-     sten
Spelsespannungskelmme (Vdj) gekoppelt elektrode des ersten Transistors
(PIE;N1) ge-      ist. koppelt ist, und einerzweiten Haupteiektrode, die
sowohl mit elner zweiten Spelsespannungsklem-  55   4. Verstarkeranordnung
nach Anspruch 2, dadurch me (V.) mittets ener ersten Stromquelle (FF;JI)
gekennzeichnet,  daiS  sin  Kettenleisrnetz alsa uch mitelnerAusgangskiemme
(3EF;3)zum          (Si ...Sn) zwischen dam invertlerenden Eingang Liefern
eines Ausgangssignals verbunden ist,        (V2) des Verstarkers (A) und
der ersten Haupt- 9 * C   L   M   S *    17                 EP0397240B1
18 elektrode des zwelten Transistors (N2) und der    stors ijd) gekoppelt
ist, elne zweite Anschlul& zweiten Hauptelektrode des dritten Transiators
kiemme (j2) mit der zweiten Hauptelektrode des (N3) und dem Ausgang (VO)
des Verstarkers (A)      ersten Kettbnleitertransistors (Njc) gekoppelt
ist, angeordnet bst, wobel das Kettenleiternetz n       eine dritte
Anschlufklemme (3) mit der ersten kaskodengeschalatet Kettenleiterelemente
(S1,   5  Haupteloktrode des zweiten Kettenleltertransi- Si, Sn) umfa~t,
mit n gleich oder gr6Ber als 1, wo-  stors (Njd) gekoppelt ist, ine vierte
AnschluP- beljedes enen ersten Kettenleitertransistor(Nia)  klemme 04)
mitder Stromquelle (Jj +5) gekoppelt und einen zweitn
Kettenleitertransistor (Nib)    Ist, oineffnftoAnschlualeemme U5)
mitderzwel- umfagt, mit I esne Folgenummer  eidiner oder      ton
Hauptelektrode des ersten Kettenleitertransi- gleich n, wobeijedes
Kettonleiterelement (Si)vier  io  storm (Njc) gekoppelt ist und die sechste
An- Anschluliemmen hat, sine erste Anschlufklem-       schiufidemme (J)
sowohl mit der Steuerelektro- me (11) mit der ersten Haupteloktrode des
ersten  de des ersten Kettonleitertransistors (Nic) als
Kettenleitertranslators (Nia) gekoppelt iat, sine  auch der Stromquelle
(JjQ5) gekoppelt ist, wobel zwelteAnschlu~klemme (12) mit sowohl derStbu-
die erste Anschlufkiemme 01) und die zweiteAn- orelektrode des ersten
Kettenleitertransaltors  15  schluklkemme (2) elnes jeden Kettenleiterle-
(Nia) als auch der ersten Hauptelektrode des       ments (PJ) mit der
frlnfltn AnschluWemme 05) zweiten Kettenieltertransistors (Nib) gekoppelt
bzw. der sechaten Anschlulidemme 06) eines ist, elne dritte Anschlulidemme
(i3) mitderzwei-   vorhergehenden Kettenleiterelements (Pj-1) go- ten
Hauptlelktrode des ersten Kettenleltortransi-  koppelt sind, die dritte
Anschlugklemme (13) und stors (Nia) und der Steuerelektrodo des zweitbn
20  die vierte AnschluBidemme 04) eines Kettenlel-
Kettenloietrtransistorm(Nib) gekoppelt ist und ei-  terelements (Pj) mit
der ersten Spoisespan- ne vierte Anschlu0doemme (14) mit der zwelten
nungskiemme (Vdd) bzw. der zwelten Speose- Hauptelektrode des zwelten
Kettenleltertransl-    spannungsidemme (V.) gekoppeltsind, die erste stors
(Nib) gekoppelt Ist, wobel die orsat An-     Anschlugiemme 01) und die
zweito Anschlu&- schlufidemme (11) und die zweite AnschluBloem-  25  kiemme
(2) des erstn Kettenleiterelements (PI) me (12) elnes jedon
Kettenlelterelements (Si) mit  mit der zwelten Haupteloktrode des dritton
Tran- der dritten Anschluliedomme (13) bzw. der vierten  sistors (N3) bzw.
dem Ausgang (VO) des Verstar- AnschluBidemme (14) sines vorhergehenden
kers (A) gekoppelt sind und die funfte Anschlul- Kettonleiterelements (Si-)
gokoppeltsind, die or-  Idemme 05) und die sechats Anschluldermme ste
Anschlufklemme (ii) und die zweite An-  3o     a6) des letztbn
Kettenleibtrelements (Pm) mitein- schluRNiOmme. (12) des eraten
Kettenleitorele-     ander gekoppelt sind. ments (SI) mit dem
invertierenden Eingang (V2) des Verstarkers (A) bzw. der zweitn Hauptelek-
6. Verstarkeranordnung nach Anspruch 1, dadurch trode des dritten
Transistors (N3) gekoppelt sind  gekennzelchnet, daB der Verstirker (A)
elnen und die dritte Anschlugklemme (n3) und die vier-  35  dritten
Transistor (P32) mit ener ersan Hauptelek- to AnschluBidemme (n4) des
letzten Kettbnlelter-  trode, olnerzweitn Hauptelektrode und einermit
elements (Sn) mit der ersten Hauptelektrode des    dem Invertierenden
Eingang (V2) des Verstir- zweiten Transistors (N2) bzw. dem Ausgang (VO)
kers (A) gekoppelten Steuerelektrode umfaBt des Verstirkers (A) gekoppelt
sind.                und eonen viorten Transistor (P3;N6) mit elnermit 40
dem nichtinvertierenden Eingang (VI) des Ver- 5. Verstarkeranordnung nach
Anspruch 2, dadurch       starkers (A) gekoppelten Stbuerelektrode, mit el-
gekennzeichnet, daB  ein  Kettenleiternetz         ner erstbn
Hauptblektrode, die mit der ersten (P1 ...Pn) zwischen der zweiton
Hauptelektrode     Hauptelektrode des drittbn Transistors (P2) ge- 



des dritten Transistors (N3) und dem Ausgang       koppelt ist, und
miteinerzwelten Hauptelektrode, (VO) des Verstarkers (A) und der ersten
Spebse-  4S  sowie elnen fflnften Transistor (N4) mit einer mit
spannungskiemme (Vdd) und derzweiten Speise-       einerzweitn
Bezugsspannungsklemme (4) zum spannungskiemme (V.) angeordnet lst, wobei
Empfangen elner zweiten Bezugsspannung ge- das Kettbnleiternetz m
kaskodengeschaltetb         koppelten Steuerelektrode, mit elner ersten
Kettenleiterelemente (P1, Pj, Pm) umfalt, mit m    Hauptelektrode, die mit
der erston Spelsespan- gleich odergr6erals 1, wobeijedes elnen ersten   5o
nungskiemme (Vdd) gekoppelt st, und mit einer Kettenleiftrtransistor (Njc)
und eonen zwoiten     zweiten Hauptelektrode, und oinen sechsten
Kettbnleitertransistor (Njd) und eine Stromquelle  Transistor (N5) mit
einer mit einer dritten Bezugs- (Jj*5) umfaB, mit j eine Folgenummer
kleiner     spannungskdemme (5) zum Empfangen einer oder gleich m, wobel
jedes Kettenlelterelement     dritten Bezugsspannung gekoppelten Stbuer-
(PJ) sechs AnschluSkilemmen hat, sine ersat An-  55  eloktrode, mit elner
ersten Hauptelektrode, die schlugiemme (11) mit der ersten Hauptolektrode
mit der zweiten Hauptelektrode sowohl des drit- des ersten
Kettenleltertransistors (NJc) und der  ten Transistors (P2) als such des
ffnftbn Transi- Steuereelktrode des zwelten Kettenleltertransi-   stor (N4)
gekoppelt ist, und mit einer zweiten 10 *                           ~
~~~~~~~~~~~~1 1111111 111111 11111 11111 11-1111 *   C   L   M   S   * -'
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B1                20 Hauptelektrode, die sowohi mitderzweiton Spel-
caracteIlhs en co quo le circuit amplificateur sespannungsidemme (V.)
mittels einer zweiten       comprend en outre un transistor d'entree (N8)
Stromquelle ale such mit dem Ausgang (VO) des      presentant une 6lectrode
de commands coupl6e Verstarkers (A) gekoppelt ist                      A la
borne d'entr6e (I EF), une premiere 6lectro- 5      de principale coupl6e A
la deuxieme borne de 7. Verstarkeranordnung nach Anspruch 6, dadurch
tension d'alimentation (V.) par l'intermediaire gekennzoichnet, daBl die
erste Hauptelektrode      d'une source de courant de polarlsation (J8) et
des vierten Transistors (P3) mitels einer drittbn  une deuxieme 6lectrode
principale coupl6o A la Stromquelle (J4) mit der zweitn Spelsespan-
premiere 6lectrode principale du deuxieme tran- nungskiemme (V.) und die
zweite Haupteicetro-  10  sistor (P2E) et en ce quo I'Mlectrode de comman-
de des vierton Transistors (P3) mit der ersatn     do du premier transistor
(Pi E) est coupl6e A une Speisespannungsidemme (Vdd) gekoppelt Ist.
autre borne de tension de ref6rence (1 E) pour la reception d'une autre
tension de r6f6rence. 8. Verstarkeranordnung nach Anspruch 6, dadurch
gekennzeichnet, daB die zweibt Hauptelektrode  1s  2. Circuit
amplificateursdlon la revendicathon 1 ca- des vierten Transistors (N6)
mitderzwelten Spei-   ract6r1s6 an ce quo l'amplificateur (E; A)
sespannungsidemme (V.) gekoppeit ist.             comprend un trolsieme
transistor (N3) presen- tent une electrode de commando couplie A i'en- 9.
Verstarkeranordnung nach elnem der vorherge-       tr6e inverseuse (V2) de
l'amplificatbur (A), une henden Ansprflche, dadurch geokennzelchnot,  20
premiere electrode principal. couplee a l'entree
daIldieVerstirkeranordnungwelitrhin eonen Be-      non inverseuse (VI) de
l'amplificateur (A) et une zugstransistor (N10) umfal~t, der eine erste
deuxiemee lectrode principals couplie Ala sortie Haupteiektrode hat, die
mitdererston Hauptelek-   (VO) de I'ampiificateur (A) et par
l'intermediaire trode des Elngangstransistors (N8) gekoppelt ist,  d'une
deuxibme source de courant (J2) A la eine zweite Hauptelektrode, die mit
der ersten   25  deuxieme borne de tension d'alimentation (V.),
Speisespannungskiemme (V..) gekoppelt ist,        la premibre borne de
tension de reference (2) und sine Stbuerelektrode, die mit einer zwelbtn
etant couplee A la premlere borne de tension welteren Bezugsspannungskiemme
(Vref4) ge-         d'alimentation (Vdd). koppelt ist. 30  3. Circuit
amplificateurselon la revendicathon 2, ca- racterise en ce quo l'Ilectrode
de commando du Revendications
troisilme transistor (N3) est couplee A une en- treo inverseuse (V2) de
l'amplificateur (A) par 1. Circuit amplificateur pour amplifier un signal
l'intermediaire d'un circuit de decalage de niveau d'entree, comprenant une
borne d'entree (I EF;  35  comprenant un quatribme transistor (P1) presen-
1) pour la reception du signal d'entree, un pre-   tant une electrode de
commando couplee A I'en- mier transistor (PIE; NI) presentant une electro-
troe Inverseuse (V2) de l'amplificatbur (A), une de de commando, une
premibre electrode princi-     premibre 6lectrode principale couplee A la 



pale couplee A une premibre borne de tension       deuxibme borne de
tension d'alimentation (V..) d'allmentation (Vdd), et une deuxibme
6lectrode   40  par l'intermdlaire d'une troisibme source de cou-
principale, un deuxibme transistor (P2E; N2) pre-  rant (J3) et A
l'Ilectrode de commando du troisie- sentant une 61ectrode de commande, une
pro-        me transistor (NS) et une douxieme 6lectrode miere electrode
principale couplee A la deuxibme   principal. couplee A la premiere borne
de tension electrode  principale du  premier transistor
d'alimentatlon (Vdd). (P1E;NI) et une deuxibme electrode principale  45
couplee A une deuxibme borne de tension d'ali-  4. Circuit amplificateur
solon la rovendication 2, ca- mentation (V.) par l'intermrdiaire d'une
premibre  ractfiris en ce qu'un r6seau en ichelle (Si ... Sn) source de
courant (FF; JI) et A une borne de sor-  est dispose entre lentroe
Inverseuse (V2) de tie (3EF;3) pourfournir un signal de sortie, 1'ileo-
'amplificatbur (A) et la premibre 6lectrode princi- trode de commando du
deuxibme transistor  56       pale du deuxibme transistor (N2) et la
deuxilme (P2E; N2) etant coupl6e A une sortie (;VO) d'un    61ectrode
principale du troisilme transistor (N3) amplificatour (E;A) la deuWxme
electrodo princl-   et la sortie (VO) de l'amplilficateur (A), le reseau
pale du premier transistor (PIE; NI) teant cou-    en echelle comprenant n
elements d'echelle en pl6e A une entree Inverseuse (-; V2) de l'amplifi-
cascode (SI, Si,Sn), n etant egal ou superieur A cateur(E; A) et une entrie
non inverseuse (4; VI)  55  1, chacun comprenant un premier transistor de
l'amplificatour (E; A) 6tant couplee A une pre-  d'echelle (Nia) et un
deuxieme transistor d'echel- mibre borne de tension de reference (2E; 2)
pour   le (Nib), i 6tant un numero d'ordre inferieur ou la reception d'une
premlbre tension de r6ference,  6gal A n, chaque 61ement d'echelle (Si)
presen- 11 ~~~~~~ C -    tant quatre bornes, une premhiere; borne (i1)
etant  ! d'chele (Pj) etant coupl6es respectivement A la coupl~eea la
premnieree6lectrode principalsedu pre-  ! !!!!!!!!!!!!!!!cinquibme borne
05) et a la sixieme borne 08) mier transistor d'chelle (Nia), une deuxieme
d'un 6l6ment d'6chelle pr6c6dent (Pj-1), la trol- borne (12) 6tant coupl6e
A l'6lectrode de         sieme borne 03) et la quatrieme borne (J4) d'un
commando du premier transistor d'6chelle (Nia) s   6l6ment d'6chelle (Pj)
6tant coupl6es respective- et A la premlere 6lectrode principals du
deuxieme  ment & la premiere borne de tension d'allmenta- transistor
d'echelle (Nib), une troisieme borne   tion (V.,) et A la deuxilme borne de
tension d'ali- (i3) eant coupl6e Ala deuximse 6lectrode princi-   mentation
(V.), la premiere borne f1) et la pale du premier transistor d'6chelle
(Nia) et A   deuxilme borne (j2) du premier 6lement d'6chel- I'6lectrode de
commando du deuxieme transistor to  le (P1) 6tant coupl6es respectivement A
la d'6chelle (Nib), et une quatrieme borne (i4) etant  deuxieme 6lectrode
principale du troisieme tran- couplee a la deuxilme 6lectrode principale du
sistor (N3) et A la sortie (VO) de l'amplificateur douxilme transistor
d'echelle (Nib), la premibre  (A), et la cinquieme borne 05) et la sixieme
borne borne (11) et la deuxibme borne (12) de chaque     06) du dernisr
6l6ment d'6chelle (Pm) 6tant cou- 6l6ment d'dchelle (Si) etant couplees
respective-  15  pl6es l'une A l'autre. ment A la troisieme borne (13) et A
la quatrieme borne (i4) d'un 6U6ment d'6chelle pr6c6dent (Si-  6. Circuit
amplificateur selon la revendication 1, ca- 1), la premibre borne t1) et la
deuxieme borne    racterise en ce que l'amplificateur (A) comprend (12) du
premier el6ment d'6chelle (SI) btant cou-  un trolsisme transistor (P2)
pr6sentant une pre- plees respectivoment a rentr6e inverseuse (V2)  20
miere blectrode principale, une deuxleme 6leo- de ramplificateur (A) et A
la deuxieme 6lectrode  trode principale et une 6lectrods de commando,
principals du trolsihme transistor (n3), et la troi-  qui ost couplbe A
l'entr6e Inversouse (V2) de sieme borne (n3) et la quatriems borne (n4) du
Fl'ampllficateur (A), une 6lectrode de commando dernier 6lement d'6chelle
(Sn) btant couplbes      d'un troislbme transistor (P3; NO) 6tant coupl6e
respectivwment A la premibre 6lectrode principa-  25  A l'entree non
Inversouse (VI) de l'amplificateur Is du deuxiemo transistor (N2) et A la
sortie (VO)  (A), une premiere 6lectrode principals etant cou- de
l'amplificateur.                                pl6e A la premibre
blectrode principals du troisie- me transistor (P2), et une deuxieme
blectrode 5. Circuit amplificatourselon la revondication 2, ca-
principale, une 6lectrode de commando d'un cin- ractbfis6 en ce qu'un
r6seau en dchelle (P1 ... Pn)  3o  quibme transistor (N4) etant couplbe A
une estdlspos6 entre la deuxibme 6lectrode principa-   deuxdime borne de
tension de ref~rence (4) pour le du troisilme transistor (N3) et la sortie
(VO) de  la r6ception d'une deuxieme tension de rbf6ren- I'ampllficateur
(A) etla premibre borne de tension  ce, une premibre electrode principals
6tant cou- d'alimentation (Vdd) et la deuxibme borne de ton-  pl6e A la
premiere borne de tonsion d'allmenta- sion d'alimentation (V.), le reseau
en 6chelle  35  tion (V.dd) et A une deuxiemee lectrode principale,
comprenant m 6idments d'6chelle en cascode         etunes lectrode de
commando d'un sixibme tran- 



(P1, Pj, Pm), m btant bgal ou supbrieur A 1, cha-  sistor (N5) btant
couplbe a une troisieme borne cun comprenant un premier transistor
d'echelle     de tension de ref6rence (5) pour la reception (Njc) et un
deuxieme transistor d'dchelle (Njd) et  d'une troisibme tension de
rhfdrence, une pro- une source de courant (Jj +5), j etant un numero  4o
mibre 6lectrode principals btant couplbe A la d'ordre infbriour ou egal A
m, chaque 6ldment      deuxibme blectrode principals du troisibme tran-
d'dchelle (Pj) presentant six bornes, une premie-  sistor(P2)
etunecinquibme transistor(N4)et une re borne 01) btant couplbe A la
premibre 6lectro-  deuxieme blectrode principals btant coupl6e A la de
principals du premier transistor d'echelle (Njc)  deuxibme borne de tension
d'alimentation (V.,) etAl'electrode de commando du deuxibme tran-  45   par
l'intbrmbdiaire d'une deuxiAbme source de sistor d'dcholle (Nid), une
dauxibme borne (12)    courant (J5) et a la sortie (VO) de l'amplificateur
btant couplbe A la deuxibme blectrode principals  (A). du premier
transistor d'6chelle (Njc), une trolsle- me borne 03) etantcouplbe Ala
premibre leictro-  7. CircuIt amplificabour selon la revendication 6, ca-
de principals du deuxibme transistor d'echelle  50  ractbrise on ce quo la
premlere 61ectrode princi- (Njd), une quatrieme borne 04) btant couplbe A
la  pale du quatrieme transistor (P3) sot couplbe A la source de courant
(JJ+5), une cinquibme borne      deuxibme borne de tension d'alimentation
(Vdd) a5) etant couplee A la deuxibme electrode prihcl-  parl'intermedialre
d'une troisibme source de cou- pale du premier transistor d'6cholle (Njc)
et la  rant (J4) et la deuxibme blectrode principals du sixiabme borne 06)
6tant couplbe A l'6lectrode de  5s  quatribmetransistor(P3) estcoupl6e Ala
premib- commando du premier transistor d'dchelle (Npc)    re borne de
tension d'allmentation (Vdd). et A la source de courant (Jj+5), la premlbre
borne 01) at la douxibme borne 02) de chaque 61bment  8. Circuit
amplificateurselon la revendlcation 6, ca- 12 *   C   L   M   S . __dsw
~~~~~~~~~~~~~. :. ' ' -   .. . .  .. . .  ..    23                  EP 0
397 240 B1                  24 racteris6 en ce que la deuxiemhe 6lectrode
princi- pale du quatrieme transistor (N6) est coupl6e A la deuxi(me borne
de tension d'alimentation (V.). 5 9. Circuit amplificateur selon l'une des
revendica- tions pr6cedentes, caracteris6 en ce que le circuit
ampllficateur comprend en outre un transistor de refrence (NI0)
presentantune premiere electro- de principale coupl6e a la premiere
electrode   10 principale du transistor d'entree (N8), une deuxieme
electrode principale coupl6e a la pre- mlere borne de tension
d'allmentation (V1) et une electrode de commande coupl6e a la deuxie- me
borne de tension de reference (Vref4).  15 20 26 30 35 40 45 50 55 13    


