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amplifier to said collectors of said first and second transistors,
respectively, and by coupling the output Background of the Invention
of said differential amplifier to said bases of said first and second
transistors. The present invention relates to converter cir-   5 cuits and,
more particularly, to a circuit for produc-  BRIEF DESCRIPTION OF THE
DRAWINGS ing an output voltage that is representative of an applied current
input.                                   FIG. 1 is a partial block and
schematic diagram There are a myriad of uses for a current to
illustrating a current mirror circuit utilized in the voltage conversion
circuit wherein an output volt-  10   conversion circuit of the present
invention; age is produced that has a known relationship to a       FIG. 2
is a detailed schematic diagram illustrat- current input signal. For
example, a digital to ana-     ing the current mirror of FIG. 1; and log
converter (DAC) may be realized utilizing such       FIG 3 is a schematic
diagram of the current to a conversion circuit. Thus, a digital input code
voltage converter circuit of the present invention. consisting of a
plurality of discrete current inputs   15 can be converted into a
representative analog out-    DETAILED DESCRIPTION OF THE PREFERRED put
voltage.                                          EMBODIMENT Such a
conversion circuit requires an accurate current mirror In conjunction with
other circuitry for    Turning to FIG. 1 there is shown a block dia-
accurately converting the applied current input into   20   gram of a
precision current mirror 10 that is utilized the output voltage. Hence, a
need exists for a        in the conversion circuit of the present
invention. current to voltage Integrated conversion circuit in-  Current
mirror 10 is suited to be manufactured in cluding a precision current
mirror in conjunction     integrated circuit form and can be fabricated
using with feedback circuitry for producing an output       present day low
voltage integrated circuit fabrica- voltage having a known relationship to
an applied   25  tion processes. Current mirror 10 includes a pair of
current input signal.                                 matched, i.e. equal
emitter area transistors 12 and The following patents are noted as
disclosing      14 which have their base or control electrodes subject
matter related to the present invention: US-  coupled together. The
emitters or first electrodes of A-4,485,352 discloses a current mirror with
buf-      the transistors are returned to ground reference. fering and
similar feedback topology, and US-A-   30   The collector or second
electrode of transistor 12 Is 4,525,683 features a base current error
cancellation  coupled both to reference current source 16 and circuit.
the non-inverting input of differential amplifier 18 at node 20. Reference
current source 16, which is Summary of the Invention
coupled to power supply conductor 24 at which Is 35  supplied a source of
DC operating potential, sour- In accordance with the present invention
there     ces a reference current IR to the collector of tran- is provided
a current to voltage conversion circuit,  sistor 12. The inverting Input of
differential amplifier comprising:
18 is coupled to the collector of transistor 14 at node a current mirror
circuit Including first and sec-  22 at which an output current [err] Is
sunk. The output ond transistors each having a collector, a base and   40
of amplifier 18 is coupled to the bases of transistors an emitter, said
bases being coupled together;        12 and 14. The output of current
mirror 10 is taken at amplifier means having an input coupled to
output terminal 28. said collector of said first transistor and having an
In operation, output 26 Is coupled to some load output coupled to the
output of the circuit for       circuitry (not shown) such that the current
[err] is buffering the voltage developed at said collector of   45  sourced
from node 22 which establishes the volt- said first transistor;
age [err] thereat Differential or operational amplifier a feedback network
for sampling the voltage at    18 forces the voltage developed at node 20
to be the output and returning a proportional signal to     substantially
equal in value to the voltage [err] while said emitter of said second
transistor; and           providing base current drive at the output
thereof to current supply means for providing substan-   so  transistors 12
and 14. A quiescent operating bal- tially equal currents to said collectors
of said first  anced state is established when transistor 12 is and second
transistors,                               supplied sufficient base drive
to enable it to sink the conversion circuit having an input coupled
substantially all of the current supplied from current to said emitter of
said first transistor via a resistor  reference 16. Since transistors 12
and 14 are network characterized in that the balancing of the   55
matched devices, they will have the same base- voltages developed at said
collectors of said first   emitter voltage drop thereacross whereby the
cur- and second transistors is achieved by coupling the    rent [err] will
be substantially equal to the current [err] inverting and noninverting
Inputs of a differential   Moreover, because the voltage at node 20 Is
forced 2   



3                 EP 0 219 882 B1                      4 to be
substantially equal to the voltage established  is realized by differential
amplifier 18 which com- at node 22 the collector-base voltage drops of the
prises transistors 12, 14, 28, 30, 34, and 36 as two transistors 12 and 14
will also be equal and will  described above. The reference current supply
cir- track one another. Thus, the effects of the "Early"  cuit Includes a
pair of matched PNP transistors 44 voltage errors as well as beta process
variations,   5   and 46 the bases of which are coupled together can be
neglected.                                   with the emitter of transistor
48. The emitters of Referring now to FIG. 2 current mirror 10 is
transistors 44 and 46 are returned to power supply shown in more detail. It
is to be understood that the  conductor 24 via resistors 50 and 52
respectively. components In FIG. 2 which correspond to compo-     A current
source 54 is coupled with the collector of nents In FIG. 1 are designated
by the same refer-  10  transistor 44 as well as to the base of transistor
48 ence numerals. Differential amplifier 18 is illustrated  which sources a
predetermined and substantially in FIG. 2 comprises a pair of PNP
transistors 28    constant current [err] to ground reference via power and
30 the emitters of which are differentially con-  supply conductor 56.
Multiple collector transistor nected to current supply 32. The bases of
these     46 has two of its collectors coupled via diodes 60 transistors
are coupled respectively to nodes 20   15  and 62 to nodes 20 and 22, the
Inputs of differen- and 22 which correspond to the two inputs of
tial amplifier 18. A third collector of transistor 46 Is amplifier 18. The
collectors of transistors 28 and 30  connected via lead 58 to supply the
tall current are coupled to a differential-to-single ended output  required
by differential amplifier 18 as described load comprising diode connected
transistor 34 and   above. The emitter of transistor 12 is coupled to
transistor 36. The differential-to-single ended load   20  ground reference
through series connected resis- circuit is conventional in operation and is
well    tors 64 and 66. Similarly, the emitter of transistor 14 known to
those skilled in the art. Current supply 32  is coupled to ground reference
through series con- provides the "tall" current to the differential am-
nected resistors 68 and 70 with the interconnection plifier.
therebetween being connected to input 42. An am- In operation, transistor
30 will be rendered con-   25  pliffer comprising NPN transistor 72 and
quasi- ductive to supply the base currents to transistors 12  Darlington
connected NPN transistors 74 and 76 and 14 thereby turning these devices on
until the   provides both the voltage output and a current balanced
condition is reached at which transistor 14  feedback signal via resistor
78 to the interconnec- sinks the current [err] from the load circuitry
coupled  tion between resistors 64 and 66, at node 80, of to output 26. In
the balanced condition transistor 12  30  current mirror 10. Resistor 82
provides biasing be- is supplied sufficient base current drive from tran-
tween transistor 74 and 76 as is well known. The sistor 30 to sink all of
the current from supply 16.  base of transistor 72 is coupled to the anode
of Transistor 28 is sufficiently turned on by transistor  diode 60 at which
is established a bias potential for 12 being rendered conductive to, in
turn, render    the transistor. The Input to the amplifier is coupled diode
connected transistor 34 conductive. This  35  to the output of current
mirror 10 at node 22 and turns on transistor 36 such that transistor 30
pro-  corresponds to the base of transistor 74. Capacitor vides the
required base current drive to transistors  84 stabilizes the loop formed
between current mir- 12 and 14 as previously described. Any variations in
ror 10 and the amplifier by placing a pole in the the voltage [err]
established at node 22 is forced     transfer characteristics of converter
40 to prevent onto node 20 as aforementioned. Hence, the   40
oscillations. collector-base voltage drops across transistor 12      In
operation, with no current input supplied at and 14 track each other
whereby the operation of    input terminal 42, converter 40 will seek a
balanced the current mirror 10 functions in the manner de-   operating
state or condition that forces the voltage scribed above with reference to
FIG. 1.             developed across resistor 66 to be equal to the Turning
now to FIG. 3 there Is illustrated cur-  45  voltage established across
resistor 70 as will now rent to voltage converter circuit 40 of the present
be described. Transistors 44 and 46 are turned on invention which includes
current mirror 10 as de-   by base current drive sourced through transistor
48 scribed above. Converter 40 produces a voltage at   whereby current
supply 54 sources a current output 38 that is representative of the current
input  through transistor 44 substantially equal to the val- supplied at
input 42 to the current mirror. It is again  so  ue [err]. This current is
mirrored through transistor 46 to be understood that components of FIG. 3
cor-     such that bias currents are sourced from the mul- responding to
like components shown in FIGS. 1      tiple collectors of the transistor to
render differential and 2 are designated by the same reference nu-
amplifier 18 operative. A bias voltage is therefore merals. Further,
current to voltage converter circuit  developed across diode 60 which
enables transis- 40 is suited to be fabricated in Integrated circuit  55
tor 72 to be turned on which, in turn, enables form  using conventional
bipolar fabrication pro-   transistor 74 and 76 to be rendered conductive.
ceases well known to those skilled in the art of   - Diode 62, it should be
noted, is provided to ensure manufacturing integrated circuits. Current
mirror 10  that current mirror 10 has a balanced configuration. 3  



5                   EP0219682B1                          6 As long as an
unbalanced state exists, i.e. the               a feedback network (78) for
sampling the voltage across resistor 66 being less than the volt-
voltage at the output (38) and returning a pro- age established at node 42,
transistors 30 and 36  -      portional signal to said emitter of said
second are rendered less conductive than transistors 12         transistor
(12); and and 28 whereby excess current drive is available to    6
current supply means (46) for providing the base of transistor 74. This
causes transistor 74      substantially equal currents to said collectors
and 76 to conduct which supply a current feedback         of said first and
second transistors, via resistor 78 to node 80 which raises the voltage
the conversion circuit (40) having an input developed across resistor 66
until this voltage           (42) coupled to said emitter of said first
tran- equals the voltage established across resistor 70.   10   sistor (14)
via a resistor network (68, 70) char- Thereafter, transistors 12 and 14
conduct equally         acterized In that the balancing of the voltages and
the current sourced to output 22 of the current       developed at said
collectors of said first and mirror 10 Is equal to the current sank through
tran-      second transistors Is achieved by coupling the sistor 14 plus
the base current drive to transistor 74.   inverting and non-inverting
inputs of a differen- The operation of the current to voltage converter
15    tial amplifier (18) to said collectors of said first circuit 40 is
then at a quiescent balanced operating      (14) and second (12)
transistors, respectively, condition.
and by coupling the output of said differential As a current input is
supplied to input terminal      amplifier to said bases of said first and
second 42 the voltage developed across resistor 70 and
transistors. hence the voltage at the emitter of transistor 14  20
Increases. The current mirror will seek a new bal-    2. The circuit of
claim  1 wherein said current anced operating state which will force the
voltage        mirror circuit Includes: developed at node 80 to again equal
the voltage               first (68) and second (70) resistors series
established at terminal 42 due to the current Input.      coupled between
said emitter of said first tran- The current which is required to establish
the volt-  25  sistor and a ground reference potential, the age at node 80
Is provided by transistor 76 which         Input (42) of the conversion
circuit (40) being flows through resistor 78. Hence, the output voltage
coupled to the Interconnection between said developed at output 38 Is the
sum of the voltages         first and second resistors; and developed
across resistors 66 and 78. Thus, the              third (64) and fourth
resistors (66) series output voltage Is proportional to the ratio of resis-
30  coupled between said emitter of said second tors 66 and 78 and is a
function of the current           transistor and said ground reference
potential, signal applied at input 42.                               the
Interconnection between said third and Current to voltage converter 40 may
be utilized       fourth resistors being coupled to said output of to
provide a digital analog conversion. If, for exam-     said amplifier means
(72, 74, 78). pie, multiple current inputs are supplied to Input 42   36
that correspond to individual bits of a digital coded  3. The circuit of
claim 2 wherein said feedback Input signal, the analog output voltage
produced at       network (78) Includes a resistor coupled be- output 38 is
representative of the digital signal.        tween the output (38) and said
interconnection Hence, what has been described above, is a            of
said third and fourth resistors. novel current to voltage conversion
circuit suitable   40 for producing an output voltage that is related to a
4. The circuit of claim 3 wherein said amplifier current input and which is
proportional to a resistor     means includes: ratio.
a third transistor (74) having a base, a collector and an emitter, said
collector being Claims                                           45
coupled to a source of operating potential, said base being coupled to the
output of said cur- 1. A current to voltage conversion circuit (40),
rent mirror circuit; and comprising:
a fourth transistor (76) having a base, a a current mirror circuit
Including first and      collector and an emitter, said emitter being
second transistors (14, 12) each having a col-  50    coupled to said
output of said amplifier means, lector, a base and an emitter, said bases
being       said collector being coupled to said source of coupled
together;                                     operating potential, said
base being coupled to amplifier means ( 72, 74, 76) having an
said emitter of said third transistor. Input coupled to said collector of
said first transistor (14) and having an output coupled to   55   5. The
circuit of claim  4 wherein said current the output (38) of the circuit
(40) for buffering     supply means includes: the voltage developed at said
collector of said           a fifth transistor (44) having a base, a first
transistor (14);                                collector and an emitter,
said emitter being 4 



5                  EP 0 219 682B1                       6 As long as an
unbalanced state exists, i.e. the              a feedback network (78) for
sampling the voltage across resistor 66 being less than the volt-
voltage at the output (38) and returning a pro- age established at node 42,
transistors 30 and 36  -      portional signal to said emitter of said
second are rendered less conductive than transistors 12         transistor
(12); and and 28 whereby excess current drive is available to    5
current supply means (46) for providing the base of transistor 74. This
causes transistor 74      substantially equal currents to said collectors
and 76 to conduct which supply a current feedback         of said first and
second transistors, via resistor 78 to node 80 which raises the voltage
the conversion circuit (40) having an input developed across resistor 66
until this voltage           (42) coupled to said emitter of said first
tran- equals the voltage established across resistor 70.   10   sistor (14)
via a resistor network (68, 70) char- Thereafter, transistors 12 and 14
conduct equally         acterized In that the balancing of the voltages and
the current sourced to output 22 of the current       developed at said
collectors of said first and mirror 10 is equal to the current sank through
tran-      second transistors is achieved by coupling the sistor 14 plus
the base current drive to transistor 74.   Inverting and non-inverting
inputs of a differen- The operation of the current to voltage converter
15    tial amplifier (18) to said collectors of said first circuit 40 is
then at a quiescent balanced operating      (14) and second (12)
transistors, respectively, condition.
and by coupling the output of said differential As a current input Is
supplied to input terminal      amplifier to said bases of said first and
second 42 the voltage developed across resistor 70 and
transistors. hence the voltage at the emitter of transistor 14  20
increases. The current mirror will seek a new bal-    2. The circuit of
claim  1 wherein said current anced operating state which will force the
voltage        mirror circuit includes: developed at node 80 to again equal
the voltage              first (68) and second (70) resistors series
established at terminal 42 due to the current input       coupled between
said emitter of said first tran- The current which is required to establish
the volt-  25  sistor and a ground reference potential, the age at node 80
is provided by transistor 76 which         Input (42) of the conversion
circuit (40) being flows through resistor 78. Hence, the output voltage
coupled to the Interconnection between said developed at output 38 is the
sum of the voltages        first and second resistors; and developed across
resistors 66 and 78. Thus, the              third (64) and fourth resistors
(66) series output voltage is proportional to the ratio of resis-  so
coupled between said emitter of said second tors 66 and 78 and Is a
function of the current         transistor and said ground reference
potential, signal applied at input 42.                               the
interconnection between said third and Current to voltage converter 40 may
be utilized       fourth resistors being coupled to said output of to
provide a digital analog conversion. If, for exam-     said amplifier means
(72, 74, 76). pie, multiple current inputs are supplied to input 42   35
that correspond to individual bits of a digital coded  3. The circuit of
claim 2 wherein said feedback input signal, the analog output voltage
produced at       network (78) includes a resistor coupled be- output 38 is
representative of the digital signal.       tween the output (38) and said
interconnection Hence, what has been described above, is a            of
said third and fourth resistors. novel current to voltage conversion
circuit suitable   40 for producing an output voltage that is related to a
4. The circuit of claim 3 wherein said amplifier current input and which is
proportional to a resistor     means includes: ratio.
a third transistor (74) having a base, a collector and an emitter, said
collector being Claims                                           45
coupled to a source of operating potential, said base being coupled to the
output of said cur- 1. A current to voltage conversion circuit (40),
rent mirror circuit; and comprising:
a fourth transistor (76) having a base, a a current mirror circuit
including first and      collector and an emitter, said emitter being
second transistors (14, 12) each having a col-  50    coupled to said
output of said amplifier means, lector, a base and an emitter, said bases
being       said collector being coupled to said source of coupled
together;                                     operating potential, said
base being coupled to amplifier means ( 72, 74, 76) having an
said emitter of said third transistor. input coupled to said collector of
said first transistor (14) and having an output coupled to   55  5. The
circuit of claim  4 wherein said current the output (38) of the circuit
(40) for buffering     supply means includes: the voltage developed at said
collector of said          a fifth transistor (44) having a base, a first
transistor (14);                                collector and an emitter,
said emitter being 
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said source of operating potential         echantillonner la tension
presente sur la sortie via an optional resistor;
(38) et a renvoyer audit emetteur dudit deuxis- a sixth transistor (46)
having a base, an          me transistor (12) un signal proportionnel ; et
emitter and first and second collectors, said             un moyen d
alimentation en courant (46) emitter being coupled to said source of
operat-   5   servant a foumir des courants sensiblement ing potential via
an optional resistor, said first    egaux auxdits collecteurs desdits
premier et and second collectors being respectively coup-        deuxilme
transistors, led to said inverting and non-inverting inputs of         le
circuit de conversion (40) possddant une. said differential amplifier, said
base being          entree (42) qui est couplde audit 6metteur du- coupled
to said base of said fifth transistor;  10    dit premier transistor (14)
via un rdseau de and
resistances (68, 70), caractdris6 en ce que current source means (54)
between said            lNquilibrage des tensions cr44es sur lesdits
collector of said fifth transistor and said ground    collecteurs desdits
premier et deuxilme tran- reference potential for sourcing a reference
sistors eat realise par couplage respectif des current therefrom.
15       entrees d'inversion at de non-inversion d'un amplificateur
diffdrentlel (18) sur lesdits collec- 6. The circuit of claim  5 wherein
said current          teurs desdits premier et deuxibme transistors source
means further includes a seventh tran-         (14, 12), et par couplage de
la sortie dudit sistor (48) having a base, a collector and an
amnplfficateur diffdrentlel auxdites bases desdits emitter, said emitter
being coupled to said   20      premier et deuxibme transistors. base of
said fifth transistor, said collector being coupled to said ground
reference potential,       2. Circuit selon la revendication 1, ob ledit
circuit said base being coupled to said collector of          miroir de
courant comporte: said fifth transistor.
une  premlere  resistance (68) et une 25      deuxibme rdsistance (70)
couples en sWrle 7. The circuit of claim  6 wherein said current
entre ledit 6metteur dudit premier transistor et mirror means further
includes first and second        un potential de reference de terre,
Ilentree (42) diodes (60, 62) respectively coupled between          du
circuit de conversion (40) dtant couplee a said first and second collectors
of said sixth       linterconnexion  entre lesdites premiere et transistor
and said inverting and non-inverting   3o  deuxibme resistances; et inputs
of said differential amplifier.                    une troisibme resistance
(64) et une qua- trieme resistance (66) couplees en s6rle entre 8. The
circuit of claim 7 wherein said amplifier         ledit dmetteur dudit
deuxleme transistor et ledit means includes an eighth transistor (72)
having       potential de r6f6rence de terre, ilnterconnexion a base, a
collector and an emitter, said emitter  3s  entre leedites troisleme et
quatrieme resistan- being coupled to said collector of said third
ces 6tant coupleea   ladite sortie du moyen transistor, said collector
being coupled to said      amplificateur (72, 74, 76). source of operating
potential, said base being coupled to said second collector of said sixth
3   Circuit selon la revendicatlon 2, oO ledit reseau transistor.
40       de reaction (78) comporta une resistance qui est coupl6e entre la
sortie (38) et ladite Inter- Revendications
connexion desdites troisime et quatribme r6- sistances. 1. Circuit (40) de
conversion de courant en ten- sion, comprenant:
45   4. CIrcuit selon la revendication 3, oO lbdit moyen un circuit miroir
de courant comportant           amplificateur comporte: des premier et
deuxiame transistors (14, 12)              un troisieme transistor (74)
possedant une possddant chacun un collecteur, une base et           base,
un coliecteur et un 6metteur, ledit coliec- un dmetteur, lesditas bases
etant coupldes en-       tbur etant couple A une source de potentiel de
semble;                                      60       fonctionnement,
laditb base Mtant coupidea  ia un moyen amplificateur (72, 74, 76) poss4-
sortie dudit circuit miroir de courant; et dant une entrde qui est couplea
audit collec-             un quatriame transistor (76) ayant une teur dudit
premier transistor (14) et une sortie      base, un coliecteur et une
dmetteur, ledit qui est couplee & la sortie (38) du circuit (40)
dmetteur etant coupIl  & ladite sortie dudit et servant a mettre en tampon
la tension. cr46e   65  moyen amplificateur, ledit collecteur dtant cou-
sur lWdit collecteur dudit premier transistor (14)    pl a ladits source de
potential de fonctionne- ment, et ladite base dtant coupide audit dmet- 



un rdseau de r~action (78) servant A              teur dudit troisieme
transistor. 5    9  EP O 219 682 B1                10  1111111 11111 111111
IN * C   L   M   S * 5. Circuit seloon la revendication 4, ob ledit moyen
d'alimentation en courant comporte                 ein
Verst~rkereinrichtung (72, 74, 76) mit el- un cinquibme transistor (44)
ayant une          nem Eingang, der mit dem Kollektor des er- base, un
collecteur et un smetteur, ledit dmet-    sten Transistors (14) verbunden
ist und einem teur etant couple a ladite source de potentiel   6  Ausgang,
der mit dem Ausgang (38) der Schal- de fonctionnement via une resistance
facultati-    tung (40) verbunden ist. um die an dem Kollek- ve;
tor des ersten Transistors (14) entwickelte un sixibme transistor (46)
ayant une base,      Spannung zu puffern; un emetteur et des premier et
deuxieme col- lecteurs, ledit 6metteur etant couple a ladite  7o  eln
RUckkopplungsnetzwerk (78) zum Abneh- source de potentlel de fonctionnement
via une      men der Spannung am  Ausgang (38) und r6sistance  facultative,
lesdits  premier et       ROckfihren elnes proportlonalen Signals zum
deuxieme collecteurs etant respectivement          Emitter des zwelten
Transistors (12); und couples auxdites entrees d'inversbon et de non-
inversion dudit amplificateur dlff6rentiel, ladite  15  elne
Stromzuffhrungselnrichtung (46) zum Zu- base 6tant couplde A ladite base
dudit cinquie-    fahren Im wesentlichen gleicher Str6me zu me transistor
;et                                  den Kollektoren der ersten und zwelten
Transl- un moyen source de courant (54) plad6          storen, wobei die
Wandlersohasltung (40) el- entre ledit collecteur dudit cinquieme
transistor  nen Eingang (42) aufweist, der mit dem Emit- et ledit potentiel
de ref6rence de terre et fal-  20  ter des ersten Transistors (14) Ober eln
Wider- sant fonction de source de courant de referen-     standsnetzwerk
(68, 70) verbunden ist, ce.
dadurch gekennzelchnet, daB der Ausglelch der Spannungen, die an den 6.
Circuit solon la revendicatfon 5, oD ledit moyen    Kollektoren der ersten
und zweiten Transisto- source de courant comporte en outre un sop-   26
ron ermittelt werden, durch Verbindung der tleme transistor (48) possedant
une base, un       invertierenden und nicht-invertierenden Ein- collecteur
et un emetteur, ledit emetteur Mtant    ginge sines Differenzverstarkers
(18) mit den couple & ladite base dudit cinquibme transis-      Kollektoren
der ersten (14) bzw. zwelten (12) tor, ledit collecteur etant coupil audit
potentlel  Transistoren und durch Verbinden des Aus- de refdrence de terre,
ladite base etant cou-  3o  gangs des Dlfferenzverstarkers mit den Basen
plee audit collecteur dudit cinqulbme transistor.  der ersten und zwelten
Transistoren erzielt wird. 7. Circuit solon la revendication 6, oO ledit
moyen miroir de courant comporte en outre des pre-   2. Schaltung nach
Anspruch 1, be! der die Strom- miore et deuxibme diodes (60, 62)
respective-  35  spiegelschaltung enthait: ment couplees entre lesdits
premier et deuxib- me collecteurs dudit sixibme transistor et lesdi-  erste
(68) und zwelte (70) Wlderstande, die In tes entrees d'inversion et de
non-inversion du-    Serle zwischen den Emitter des ersten Transi dit
amplificateur dlffdrentlel.                    stors und eln
Massebezugspotential geschaltet 40      sind, wobel der Eingang (42) der
Wandler- 8. CIrcuit salon la revendication 7, oD ledit moyen    schaltung
(40) mit der Verbindung zwischen amplificateur comporte un hultibme
transistor      den ersten und zwelten Widerstinden verbun- (72) ayant une
base, un collecteur et un dmet-     den ist; und tour, ledit emetteur 6tant
couple audit collec- tour dudit troisibme transistor, ledit collecteur  45
dritte (64) und vierte (66) Widerstande, die In 6tant couple A ladite
source de potentiel de       Sori zwischen den Emitter des zweiten Tran-
fonctionnement, ladite base dtant couplie audit    sistors und das
Massebezugspotential geschal- deuxibme collectour dudit sixibme transistor.
tet sind, wobel die Verbindung zwischen den dritten und vierten
Widerstanden mit dem Aus- PatentansprUche                               50
gang der Verstirkereinrichtung (72, 74, 76) verbunden Ist. 1.
Strom/Spannungswandlerschaltung (40), ent- haltend:
3. Schaltung nach Anspruch 2, bet der das RUck- kopplungsnetzwerk (78)
eonen Widerstand ent- eine Stromspiegelschaltung mit ersten und   55
halt, der zwischen den Ausgang (38) und die 



zwelbtn Transistoren (14, 12) jewells mit Kol-     Verbindung der dritten
und vierten Widerstgn- lektor, Basis und Emitter, wobei die Basen
de geschaltet ist. miteinander verbunden sind;    11                 EP 0
219 682181                     12  1111 111111 11111   !  ! 4. Schaltung
nach Anspruch 3, bei der die Ver-          invertberenden Eingang des
Dlfferenzverstar- stlirkereinrichtung enthalt:                        kers
geschaltet sind. einen dritten Transistor (74) mit elner Basis,   8.
Schaltung nach Anspruch 7, bei der die Ver- einem Kollektor und einem
Emitter, wobel der   5    st~rkereinrichtung einen achten Transistor (72)
Kollektor mit elner Quelle fUr eln Betriebspo-      mit einer Basis, einem
Kollektor und elnem tential verbunden ist und die Basis mit dem
Emitter enthIlt, wobel der Emitter mit dem Ausgang der
Stromspiegelschaltung verbunden          Kollektor des dritten Transistors
verbunden ist, ist; und                                            der
Kollektor mit der Quelle far das Betriebs- to      potential verbunden Ist
und die Basis mit dem einen vierten Transistor (76) mit elner Basis,
zweiten Kollektor des sechsten Transistors ver- elnem Kollektor und eanem
Emitter, wobel der        bunden ist. Emitter mit dam Ausgang der
Verstrkerein- richtung verbunden ist, der Koiiektor mit der Quelle fUr das
Betriebspotential verbunden ist  15 und die Basis mit dam Emitter des
dritten Transistors verbunden Ist. 5. Schaltung nach Anspruch 4, bei der
die Strom- zuftlhrungseinrichtung enthalt:             20 elnen fUnften
Transistor (44) mit elne Basis, einem Kollektor und einem Emitter, wobel
der Emitter mit der Quelle fUr das Betriebspotential gegaebenenfalls Ober
einen Widerstand verbun- 25 den ist; elnen sechsten Transistor (46) mit
elner Basis, elnem Emitter und ersten und zweitan Kollek- toren, wobel der
Emitter mit der Quelle fUr das   so Betilebspotential gegebenenfalls Uber
einen Widerstand verbunden ist, die ersten und zwei- ten Kollektoren den
Invertierenden bzw. nicht- Invertierenden Eing~ngen des Differenzverstar-
kers verbunden sind, und die Basis mit der  35 Basis des fUnften
Transistors verbunden Ist; und eine Stromquelleneinrichtung (54) zwischen
dem Kollekior des fUnften Transistors und dem    40 Massebezugepotential
zur Zuf(hrung eines Be- zugestromes davon. 6. Schaltung nach Anspruch 5,
bel der die Strom- versorgungseinrichtung weiterhin elnen sieben-   46 ten
Transistor (48) mit elner Basis, einem Kol- lektor und einem Emitter
enthflt, wobel der Emitter mit der Basis des fUnften Transistors verbunden
ist, der Kollektor mit dem Massebe- zugspotential verbunden ist und die
Basis mit  so dem Koliektor des fUnften Transistors verbun- den ist. 7.
Schaitung nach Anspruch 6, bei der die Strom- spfelgeinrichtung welterhin
erste und zweite  66 Dioden (60, 62) enth~it, die zwlschen die er- sten
bzw. zwelten Kollektoren des sechsten Transistors und den Invertlerenden
bzw. nicht- 7    


