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tion paths respectively coupled to the inputs and their bases
Interconnected, first and second resistors Background of the invention
series connected together between the collectors of the first and second
transistors with the interconnec- The present invention relates to active
electronic   5   tion therebetween connected to the bases of the two load
circuits for receiving differential input signals  transistors, a
capacitorconnected between the collso- and, more particularly, to a
balanced differential load  tors of the two transistors and the collector
of the sec- for providing a single ended output signal in response  ond
transistor coupled to the output of the load circuit. to a differential
input signal applied thereto and a method forfiltering unwanted frequency
signals at the   10   Brief Description of the Drawings output thereof.
Many integrated circuits ([err]) such as mixers,    Fig. 1 is a schematic
diagram illustrating a first detectors and low power FM receivers require
filtering  embodiment of the present invention; and differential to single
ended signal conversion. For  Fig. 2 is a simplified block diagram of a FM
example, the MC3359 Is low power FM-IF receiver  is    receiver system
including the balanced differen- manufactured by Motorola, Inc., which
provides FM-     tial load of the present invention; IF to audio signal
translation that requires filtering of  Fig. 3 is a schematic diagram
illustrating another unwanted high frequency signals from the single
embodiment of the invention ; and ended audio outputsignal.
Fig. 4 is a schematic diagram of the preferred A problem can arise in prior
art receivers such as   20  embodiment of the invention. the MC3359 due to
the fact that the differential FM-IF signal is converted to the single
ended audio output  Detailed Description of the Embodiments signal within
the IC and because the higher unwanted frequency signals are filtered to
ground. The filtering  Turning to Fig. 1 there is shown balanced diffe- of
the IF signal, as well as any other unwanted higher  25  rential load 10 of
the present invention which receives frequency signal, Is provided by a
filtering capacitor,  a differential Input signal across nodes A and B sup-
either internal or external to the IC, that has one elec-  plied from
differential signal source 12. Balanced dif- trode thereof connected to
ground. It has been obser-  ferential load 10 is suited to be manufactured
In ved that the unwanted signals which are shorted to  monolithic
integrated circuit form as is signal source ground through the capacitor
can be injected or fed   30  12. Differential signal source 12 can be any
of a back to intermediate stages of the receiver to be   myriad of circuits
such as a mixer, detector, etc. as Is amplified. This can cause
oscillations to occur at the  understood. If, for example, signal source 12
is a output and/or degradation of the output signal: both  quadrature
detector in a FM receiver system the dif- conditions of which are highly
undesirable.        ferential output signal, I, sourced to and from nodes A
Hence, a need exists for a balanced differential  35  and B will be
comprised of the desired audio signal load that can be used in an IC to
provide amplification  information as well as higher unwanted frequency
sig- and differential to single ended output of a desired  nals such as the
intermediate frequency (IF) signal output signal while filtering unwanted
higher fre-  and higher harmonics thereof. A requirement of quency signals
without producing ground currents    balanced load 10 is then to filter the
unwanted fre- due to the filtering.                          40   quency
signals from appearing at output 14 without fil- tering these signals to
ground reference which Summary of the invention
otherwise can cause regeneration FM receiver sys- tem. Balanced
differential load 10 is comprised of a Accordingly, it is an object of the
present inven-  pair of PNP transistors 16 and 18 which function cur- tion
to provide an improved balanced load.     45  rent sources by having their
respective collector-emi- It is another object of the invention to provide
an  tier conduction paths coupled between nodes A and improved balanced
differential-to-single ended load  B, the Inputs to the active load, and
power supply con- that is suited to be realized In Integrated circuit form.
ductor 20 to which is supplied the DC operating poten- Still another object
of the present invention Is to  tial, Vcc. The bases of transistors 16 and
18 are provide an improved balanced differential load which  so
interconnected together to the interconnection be- filters unwanted
frequency signals without producing  tween resistors 22 and 24. Resistor 22
in turn Is retur- ground currents due to the filtering.               ned
to the collector of transistor 16 while resistor 24 In accordance with the
above and other objects  is coupled to the collector of transistor 18.
Filter there is provided a differential load circuit having a  capacitor 26
is coupled between the collectors of tran- pair of inputs and an
outputwhich receives a differen-  55  sistors 16 and 18. tial input signal
applied to the Inputs and produces a  In operation, signal source 12 will
require direct output signal at the output comprising first and second
current (DC) bias currents to be supplied from transistors each having
their emitter-collector conduc-  balanced differential load 10 through
nodes A and B. 2    



3                   EP 0 255 826 B1                 4 These DC currents
cause nodes A and B to be "pulled  alternate embodiments are illustrated,
the first of down" such that the voltages appearing thereat are  which
comprises voltage source 46 coupled between more negative than the voltage
produced at the bases  the interconnected bases of transistors 16 and 18
and of transistors 16 and 18. Hence, currents flow through  the
interconnection of resistors 22 and 24. The sec- resistors 22 and 24 which
supply the base current   5   ond embodiment utilizes current source 48
coupled drives for the two transistors. Thus, transistors 16 and  between
power supply rail 20 and the bases of tran- 18 are turned on to source the
required DC currents  sistors 16 and 18. at nodes A and B. The DC currents
are cancelled by     In the first alternate embodiment voltage source the
current source transistors and will not appear in  46, which may be
realized by a diode or a string of the output signal produced at output 14.
The desired   10  diodes for instance, produces a voltage drop between
alternating current (AC) output signal will flow through  the bases of
transistors 16 and 18 and resistors 22 load resistors 22 and 24 to produce
the desired output  and 24. Hence, the voltage produced at nodes A and
voltage at output 14 while higher unwanted frequency  B is lowered in
direct proportion to the value of the signals are essentially shorted
through capacitor 26  voltage, V, of voltage source 46 with respect to the
and cancel each other. These differential signals do   15  voltage produced
at the bases of the transistors. In not appear on transistors 16 and 18 as
their bases are  the second alternate embodiment current source 48
interconnected whereby these transistors have equal  sources a current 1,
directly to the interconnected currents flowing therethrough. Thus, all
differential  resistors 22 and 24 to produce a voltage drop there- signals
flow through resistors 22 and 24 and capacitor  across. If, for example, I
is equal to 200 microamperes 26.
20  and resistors 22 and 24 each are 10 thousand Ohms, Therefore, for
example, if balanced differential  a voltage equal to 1 volt is developed
thereacross re- load is utilized as the active load for the quadrature
spectively. Thus, the voltage produced at nodes A detector of a FM
receiversystem, an audio output sig-  and B will be approximately equal to
1.7 volts below nal Is produced at the output of the load while the IF  the
power supply voltage Vcc. It Is understood from signal and other unwanted
higher frequency signals  25  the foregoing description that voltage source
46 and are filter therefrom. Referring to Fig. 2, balanced dif-  current
source 48 could be used in combination to ferential load 10 is shown
coupled to the output of  provide voltage level shifting. quadrature
detector 28 of FM receiver system 30.       Referring now to Fig. 4, there
is Illustrated the pre- Except for load 1 0, FM receiver system 30 Is
conven-  ferred embodimentof the present invention. Balanced tional In
nature and includes mixer 32 which receives   30  differential load 50
operates In substantially the same the FM input signal at input 34.
Oscillator 36 in com-  manner as previously described in reference to
bination with mixer 32 converts the FM signal to an  balanced differential
load 10. Load 50 Includes resis- intermediate frequency (IF). A band pass
filter 38 is  tors 52 and 54 connected respectively between power provided
to pass only the IF signal therethrough to  supply conductor 20 and the
emitters of transistors 16 both IF limiter stage 40 and ninety (90) degree
phase   35  and 18. The differential input signals are supplied shifter 42.
The phase of the FM IF signal is shifted  across the emitters of these two
transistors. The col- ninety degrees by phase shifter 42 and applied as one
lectors of the two PNP transistors are coupled via res- input signal to
quadrature detector 28. The IF signal  pective resistors 56 and 58 to
current sources 60 and is also amplified and symmetrically clipped by
limiter  62. Resistors 22 and 24 are series connected be- stage 40 to
provide a rectangular output signal that is  40  tween the current sources
60 and 62. A voltage level applied to the other Inputs of quadrature
detector 28.  shifting transistor 64 has its collector-emitter conduc-
Quadrature detector 28 translates the IF-FM signal to  tion path coupled
between the bases of transistors 16 an audio signal that is applied across
balanced dffe-  and 18 to the interconnection of resistors 22 and 24
rential load 10 and supplied at output 44. The IF signal  and its base
connected to a voltage reference source, as well as higher
unwantedfrequency signals appear-  45   [err]. Transistor 64 provides level
shifting in the same ing across nodes A and B of load 10 are cancelled
manner as previously described with respect to volt- thereby as
aforedescribed and do not appear at out-  age source 46 of Fig. 3. put 44.
The desired differentially applied input signal Is Turning now to Fig. 3
there are shown alternate  developed across resistors 22, 24,56 and 58 to
pro- embodiments of balanced differential load 10 of the   50  duce the
output signal [err] at output 66. The undes- present invention. In order
that larger amplitude input  ired higher frequency signals are shorted
across filter signals can be applied across nodes A and B without
capacitor 26 as described above and do not appear saturating transistors 16
and 18 the DC voltages    at the output of balanced differential load 50.
Resis- appearing at nodes A and B may need to be down      tors 56 and 58
increase the total filter resistance such level shifted to a more negative
value with respect to  55  that there is more voltage swing produced across
the bases of transistors 16 and 18. Fig. 3 Illustrates  capacitor 26. This
effectively increases the filtering methods for providing these voltage
level shifting  capabilities of balanced differential load 50 over
requirements. As indicated by the use of dashed lines,  balanced
differential load 10. 3    



5                    EP 0 255 826 B1                  6 Hence, what has
been described above are novel        supply conductor and said emitter of
said second balanced differential active loads which filter unwan-
transistor. ted higherfrequency signals from the applied differen-   4.The
balanced differential load of claim 3 whe- tial signal inputted thereto
without ground currents  rein said current supply means includes; being
introduced.                                5       a first current source
(62) coupled to said distal end of said first resistor; and a second
current source (60) coupled to said dis- Claims
tal end of said second resistor. 1. A balanced differential load which
receives a   10 differential input signal applied to a pair of inputs
Anspruche thereof for providing an output signal at an output while
filtering unwanted frequency signals from the      1. Abgeglichene
differentielle Lastschaltung, input signal, comprising:
deren Elngangsklemmenpaar ein differentlelles Ein- first and second
transistors (16, 18) each having   15   gangssignal empfangt, um an elnem
Ausgang ein an emitter, a collector and a base, said bases
Ausgangssignal vorzusehen, wahrend aus dem Eln- being coupled together and
the differential input  gangssignal unerwunschte Frequenzsignale heraus-
signal being applied across the respective emmit-  gefiltert werden, ters;
mit zwei Jeweils elnen Emitter, einen Kollektor circuit means (52, 54) for
coupling said emitters  20  und eine Basis aufweisenden Transistoren (16,
of said first and second transistors to a power       18), deren Basen
zusammengeschaltet sind und supply conductor (20) to which is supplied a
direct   an deren jeweiligem Emitter das differentielle Ein- current
operating potential;                          gangssignal angeiegt wird,
capacitive means (26) coupled between said col-       mit Schaltungen (52,
54) zur Verbindung der lectors of said first and second transistors for
fil-  25  Emitter der beiden Transistoren mit einem strom- tering the
undesired frequency signals without        fuhrenden Leiter (20), der mit
einem Potential producing ground currents therethrough;
gespeist wird, das einen Gleichstrom liefert, first and second resistors
(22 24) coupled at their   mit einer Kapazitat (26), die zwischen den
Kdlek- distal ends between said collectors of said first    toren der
beiden Transistoren liegt, um die uner- and second transistors and being
series connec-  30   wunschten Frequenzsignale zu filtern, ohne [err] ted,
the output of the circuit being coupled to said  dadurch Strome zur Erde
erzeugt werden, distal end of said first resistor;                    mit
zwel ohmschen Widerstanden (22,24), die, In currentsupply means (80,62)
coupled to said dis-      Reihe geschaltet, mit [err] liegenden Enden tal
ends of said first and second resistors for sink-  zwischen den Kollektoren
der beiden Transisto- ing first and second substantially equal direct  35
ren angeschlossen sind, wobei der Ausgang der currents; and
Schaltung mit dem [err] liegenden Ende des a third transistor (64) the
collector-emitter con-    elnen Widerstandes verbunden ist, duction path of
which is coupled between said         mit Stromquellen (60, 62), die an dem
[err] lie- interconnected bases of said first and second         genden
Ende der beiden Widerstfande verbunden transistors and the interconnection
of said series   40  sind, um zwei im wesentlichen gleiche Glelch-
connected first and second resistors, the base of     strome abzusenken,
und said third transistor receiving a reference poten-    mit elnem dritten
Transistor (64), dessen Lei- tial supplied thereto which sets the direct
current   tungsweg uber den Kollektor und Emitter zwi- voltage level at the
output of the load.              schen den miteinander verbundenen Basen
der 2.The balanced differential load of claim 1 includ-   45  beiden ersten
Transistoren und dem [err]- ing:
punkt zwischen den belden in Reihe geschalteten a third resistor (58)
coupled between said collec-    Widerstanden angeschlossen ist, wahrend die
tar of said first transistor (18) and the output of the  Basis des dritten
Transistors ein Bezugspotential load ; and
empfangt, das das Spannungsniveau des Gleich- a fourth resistor (56)
coupled between said col-  50  stromes am Ausgang der Lastschaltung
einstellt. lector of said second transistor (16) and said dis-   2.
Abgeglichene differentiellke Lastschaltung des tal end of said second
resistor                   Anspruches 1, 3.The balanced differential load
of claim 2 includ-   mit einem dritten ohmschen Widerstand (58), der ing:
zwlschen dem Kollektor des ersten Transistors a fifth resistor (54) coupled
between said power  55  (18) und dem Ausgang der Lastschaltung ange- supply
conductor and said emitter of said first       schlossen ist, und
transistor; and                                       mit elnem vierten
ohmschen Widerstand (56), der a sixth resistor (52) coupled between said
power      zwischen dem Kollektor des zweiten Transistors 4    5
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Hence, what has been described above are novel       supply conductor and
said emitter of said second balanced differential active loads which filter
unwan-  transistor. ted higherfrequencysignals from theapplieddifferen-
4.The balanced differential load of claim 3 whe- tial signal inputted
thereto without ground currents  rein said current supply means Includes;
being introduced.                               5       a first current
source (62) coupled to said distal end of said first resistor; and a second
current source (60) coupled to said dis- Claims
tal end of said second resistor. 1. A balanced differential load which
receives a   10 differential input signal applied to a pair of inputs
Anspruche thereof for providing an output signal at an output while
filtering unwanted frequency signals from the      1. Abgeglichene
differentielle Lastschaltung, input signal, comprising:
deren Eingangsklemmenpaar ein differentielles Ein- first and second
transistors (16, 18) each having   15  gangssignal empfangt, um an einem
Ausgang ein an emitter, a collector and a base, said bases   Ausgangssignal
vorzusehen, wahrend aus dem Eln- being coupled together and the
differential input  gangssignal unerwunschte Frequenzsignale heraus- signal
being applied across the respective emmit-  gefiltert werden, ters;
mit zwei Jeweils elnen Emitter, einen Kollektor circuit means (52, 54) for
coupling said emitters  20  und eine Basis aufweisanden Transistoren (16,
of said first and second transistors to a power      18), deren Basen
zusammengeschaltet sind und supply conductor (20) to which is supplied a
direct  an deren jewwiligem Emitter das differentielle Ein- current
operating potential;                         gangssignal angelegt wird,
capacitive means (26) coupled between said col-      mit Schaltungen (52,
54) zur Verbindung der lectors of said first and second transistors for
fll-  25  Emitter der beiden Transistoren mit einem strom- tering the
undesired frequency signals without       fuhrenden Leiter (20), der mit
einem Potential producing ground currents therethrough;
gespeist wird, das einen Glelchstrom liefert, first and second resistors
(22, 24) coupled at their  mit einer Kapazitat (26), die zwischen den
Kollek- distal ends between said collectors of said first   toren der
beiden Transistoren light, um die uner- and second transistors and being
series connec-  30  wunschten Frequenzsignale zu filtern, ohne [err] ted,
the output of the circuit being coupled to said  dadurch Strome zur Erde
erzeugt werden, distal end of said first resistor;                   mit
zwei ohmschen Widerstanden (22,24), die, In currentsupplymeans (60,62)
coupled to said dis-       Reihe geschaltet, mit [err] liegenden Enden tal
ends of said first and second resistors for sink-  zwischen den Kollektoren
der belden Transisto- ing first and second substantially equal direct  35
ren angeschlossen sind, wobei derAusgang der currents; and
Schaltung mit dem [err] liegenden Ende des a third transistor (64) the
collector-emitter con-   elnen Widerstandes verbunden ist, duction path of
which is coupled between said        mit Stromquellen (60, 62), die an dem
[err] lie- interconnected bases of said first and second        genden Ends
der beiden Widerstandeverbunden transistors and the Interconnection of said
series   40  sind, um zwel im wesentlichen gleiche Gleich- connected first
and second resistors, the base of    strome abzusenken, und said third
transistor receiving a reference poten-   mit elnem dritten Transistor
(64), dessen Lei- tial supplied thereto which sets the direct current
tungsweg uber den Kollektor und Emitter zwi- voltage level at the output of
the load.             schen den miteinander verbundenen Basen der 2.The
balanced differential load of claim 1 Includ-  45  belden ersten
Transistoren und dem [err] ing:
punktzwischen den belden in Reihe geschalteten a third resistor (58)
coupled between said collec-   Widerstanden angeschlossen ist, wahrend die
tor of said first transistor (18) and the output of the  Basis des dritten
Transistors ein Bezugspotential load; and
empfangt, das das Spannungsniveau des Gleich- a fourth resistor (56)
coupled between said col-  50  stromes am Ausgang der Lastschaltung
elnstellt. lector of said second transistor (16) and said dis-  2.
Abgeglichene differentielle Lastschaltung des tal end of said second
resistor                  Anspruches 1, 3.The balanced differential load of
claim 2 includ-  mit einem dritten ohmschen Widerstand (58), der ing:
zwischen dem Kollektor des ersten Transistors a fifth resistor (54) coupled
between said power  55  (18) und dem Ausgang der Lastschaltung ange- supply
conductor and said emitter of said first      schlossen ist, und
transistor; and                                      mit elnem vierten
ohmschen Widerstand (56), der a sixth resistor (52) coupled between said
power      zwischen dem Kollektor des zwelten Transistors 4    7
EP 0 255 826 B1                  8 (16) und dem [err] liegenden Ende des
zwelten        recevant un potentiel de reference qui lui est 



Widerstandes angeschlossen ist.                      foumi et qui definit
le niveau de tension courant 3. Abgeglichene, differentlelle Lastschaltung
des    continu a la sortie de la charge. Anspruches 2
2. Charge 6quilibree pour signal differentlel selon mit einem funften
Widerstand (54), der zwischen    5   la revendication I comportant: dam
stromfihrenden Leiter und dem Emitter des        une troisleme resistance
(58) coupl6e entre ledit ersten Transistors Ilegt, und
collecteur dudit premier transistor (18) et la sortie mit elnem sechsten
Widerstand (52), der zwi-         de la charge; et schen dem
stromfflhrenden Leiter und dem Emit-       une quatrbime resistance (56)
coupl6e entre ledit ter des zwelten Transistors llegt.          10
collecteur dudit second transistor (18) et ladite 4. Abgeglichene
dfflerentlelle Lastschaltung des     extr6mit6, eloign6e de ladite seconds
resistance. Anspruches 3, bel der die erste Stromquelle (62) an      3.
Charge equiilbree pour signal diferentiel selon dem aufen llegenden Ends
des ersten Widerstandes     la revendication 2, comportant: und die zwelte
Stromquelle (60) an dem au~en llegen-    une cinquibme resistance (54)
coupl6e entre ledit den Ends des zweiten Widerstandes angeschlossen   16
conducteur d'allmentatlon puissance et ledit Ist.
6metteur dudit premier transistor; et une sixilme resistance (52) couplee
entre ledit conducteur d'allmentatlon puissance et ledit Rovendications
emetteur dudit second transistor. 20      4. Charge 6quilibr6e pour signal
diffrentiel selon 1. Charge 6quilibr~e pour signal diffhrentiel, qui  la
revendlcation 3 dans laquelle lesdits moyens for- recoit un signal d'entr6e
differentiel applique A une  mant source d'intensit6 comportent: paire de
sea entrees pour foumir un signal de sortie     une premiere source
d'IntensItM (62) couplee A A une sortie tout en 6iiminant, par flirage, du
signal  ladite extr6mit6, 6ioign6e, de ladite premiere r6sis- d'entr6e  des
signaux de frequence ind6sirable,  25  tance; et comportant:
une seconds source d'intensite (60) coupl6e a un premier et un second
transistors (16, 18)     ladite extr6miti, bloignee, de iadite seconds
resis- comportant chacun un emetteur, un collecteur et  tance. une base,
lesdites bases, etant couplees ensem- ble et le signal d'entr6e
differentfel etant applique   30 aux bornes des 6metteurs respectifs; des
moyens (52, 54) formant un circuit pour cou- pler lesdits emetteurs dudit
premier et dudit second transistors a un conducteur d'allmenta- tlon (20)
auquel est fournle une tension opera-  35 tolre courant continu; des moyens
capacitifb (26) couples entre isadits collecteurs dudit premier et dudit
second transis- tors pour filter les signaux de frequence indesira- ble
sans produire dans ces transistors des   40 courants de retour par la
masse; une premiere et une seconds resistances (22,24) coupiles, A leurs
extr6mitis 6loign6es l'une de l'autre, entre lesdits collecteurs dudit
premier et dudit second transistors at rell6es en s6rie, la sor-  45 tie du
circuit etant coupile a ladit extr6mlt6, eoi- gn6e, de ladite premlbre
resistance; des moyens (60, 62) formant source d'intensite couples auxdites
extremites, eloignees, de ladite premibre et de ladite seconds resistances
pour  6o abaisser une premlere et une seconds intensites courant continu
sensiblement egales; et un troisilme transitor (64) dont le chemin de
conduction collecteur-emetteur est couple entre lesdites bases
Interconnect6es dudit premier et  66 dudit second transistors et
l'interconnexion de ladite premlere et de ladite seconds resistances
rellees en serie, la bass dudit troisibme transistor *    C   L   M    S
*+    


