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form, this being attributable to the process used to manufacture them.
Thus, when there is zero differ- The present invention relates to a
reactance con-  ence in the level of the input voltage Vin and the ref-
trol circuit, and more particularly to a reactance con-  erence voltage
Vref1, and hence the current 11 is trol circuit for use in a variable
frequency oscillator.    5   equal to the current 12, the reactance value C
of the An example of a typical conventional variable fre-  reactance
circuit 4 may not be equal to the reference quency oscillator is known from
US-A-4 745 375 and    reactance Cref, for the reason that, even if the cur-
shown in Fig. 1, and comprises a differential amplifier  rents 11 and 12
applied to the bases of the transistors 2, a DC amplifier 3, a variable
reactance circuit4, and  Q1 and Q2 are equal to each other, the currents 13
an oscillator 5. The oscillating frequency generated   10  and 14 passing
through the transistors Q1 and Q2 by the oscillator 5 is determined by an
oscillating fre-  may not be equal if the operating characteristics and
quency of the oscillator 5 and the value of reactance  geometrics of these
transistors differ from each of the reactance circuit 4. The reactance
circuit 4 is  other. Consequently, if the reactance value C of the made up
of a capacitor C1, a resistor R5, and differ-  variable reactance circuit 4
is not equal to the refer- ential amplifiers 6 and 7, respectively coupled
with   15  ence reactance value Cref, the free running frequen- the
oscillator 5 in a negative feedback and a positive  cy Fref of the variable
frequency oscillator will differ feedback fashion. Since the negative
feedback loop    from its designed value. has the effect of decreasing the
output of the oscilla-  Accordingly, an object of the present invention is
tor 5, and the positive feedback loop increases the   to provide a
reactance control circuit which provides same, the reactance value of the
variable reactance   20   a desired reference reactance value Cref even if
the circuit 4 can be varied in accordance with the ratio  transistors of
the DC amplifier thereof have different (13/14) of the value of a current
13 flowing through the  geometries and operating characteristics.
differential transistor circuit 6 and that of a current 14  To achieve the
above object, there is provided a flowing through the differential
transistor circuit 7.  reactance control circuit comprising: a variable
reac- When the current 13 is greater than the current 14, the   25  tance
circuit having first and second differential tran- output of the oscillator
5 Is decreased by the negative  sistor circuits, the reactance of the
variable reactance feedback loop of the differential transistor circuit 6,
circuit being determined bythe currentsflowing to the with the result that
the reactance value C of the vari-  first and second differential
transistors; a differential able reactance circuit 4 increases. When on the
other  amplifier for producing first and second currents in hand, the
current 13 is less than the current 14, the out-  30   accordance with an
input voltage; and a DC amplifier putof the oscillator 5 is increased by
the positive feed-  circuitfor amplifying the firstand second currents de-
back loop of the differential transistor circuit 7, and  rived from the
differential amplifier, and for supplying thus the reactance value C of
circuit 4 decreases.    the amplified currents to the variable reactance
cir- The current ratio 13/14 is determined by the differ-  cuit in order to
control the currents flowing to the first ential amplifier 2 and the DC
amplifier 3. In the dif-  35   and second differential transistor circuits.
The DC ferential amplifier 2, currents 11 and 12 are deter-  amplifier
circuit includes first and second input termi- mined by the difference in
the level of an inputvoltage  nals for receiving first and second currents
output Vin and a reference voltage Vref1, amplified by the   from the
differential amplifier circuit first and second DC amplifier 3, and
supplied in the form of currents  output terminals for supplying third and
fourth cur- 13 and 14 to the differential transistor circuits 6 and 7.  40
rents to the variable reactance circuit, a first transis- When there is
zero difference in the level of the  tor, having a collector coupled with
the first output ter- input voltage Vin and the reference voltage Vref1,
the  minal, an emitter coupled with a predetermined po- currents 13 and 14
are then equal, in which case the  tential supplying terminal, and a base,
a second tran- negative feedback operation by the differential tran-
sistor, having a collector coupled with the second out- sistor circuit 6
and the positive feedback operation by   45   put terminal, an emitter
coupled with the predeter- the differential transistor circuit 7 cancel
each other  mined potential supplying terminal, and a base, and out.
Therefore, the reactance value of the variable re-  base potential control
means. When the first and sec- actance circuit 4 is determined solely by
capacitor C1  ond currents differ from each other, the base poten- and the
oscillator 5, independent upon the currents 13  tial control means supplies
different potentials to the and 14, and the reactance value Is equal to a
reference   50   bases of the f irst and second transistors so that third
reactance Cref. When the reactance value is equal to  and fourth currents
corresponding to the first and the reference reactance Cref, the variable
frequency  second currents flow through the first and second oscillator
generates an output signal Vout of a free  transistors, respectively. When
the first and second running frequency Fref.
currents are equal to each other, the base potential The DC amplifier 3 of
the variable frequency os-  55   control means supplies a predetermined low
potential cillator shown in Fig. 1 uses NPN transistors Q1 and  to the
bases of the first and second transistors, so Q2. However, the geometries
and operating charac-    that the third and fourth currents flowing to the
first teristics of such transistors are frequently nonuni-  and second
transistors are both reduced. 2    3                    EP 0 388 890 B1
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Therefore, even if the first and the second tran-  tor circuit 141, is
connected to a current output termi- sistors differ in their geometries and
operating char-  nal C of the DCamplifier20, byway of the resistor R3,
acteristics, any difference in the third and fourth cur-  and an emitter
common to the transistors Q7 and Q8 rents will be very small. As a result,
the reference re-  in the differential transistor circuit 142 is connected,
actance of the variable reactance circuit of the pres-   5   by way of the
resistor R4, to a current output terminal ent invention is unaffected by
differences in geomet-  D of the DC amplifier 20. The current mirror
circuit rics and operating characteristics of the first and the  143 serves
as a load circuit of the first and second dif- second transistors; thus, In
this invention, the desired  ferential transistor circuits 141 and 142 and
is con- reference reactance can be assured.                   nected to
these circuits. This invention can be more fully understood from   io  The
bases of the transistors Q6 and Q7 receive the following detailed
description when taken In con-  a reference voltage Vref2, and the bases of
the tran- junction with the accompanying drawings, in which:    sistors Q5
and Q8 are coupled for reception of a po- Fig. 1 is a circuit diagram
showing a variable fre-  tential at the series connecting node of the
capacitor quency oscillator using a conventional reactance  C1 and the
resistor R5. The differential transistor cir- control circuit;
15  cuits 141 and 142 are coupled with the oscillator 16 Fig. 2 is a
circuit diagram showing a variable fre-  in a negative feedback and a
positive feedback fash- quency oscillator using a reactance control circuit
ion, respectively. The negative feedback loop de- which is a first
embodiment of the present inven-  creases the output of the oscillator 16,
whereas the tion;                                             positive
feedback loop increases the same. Fig. 3 is a graph showing an operating
character-  20  In the circuit arranged thus, the reactance of the istic of
the reactance control circuit of Fig. 2; and  variable reactance circuit 14
is varied In accordance Fig. 4 is a circuit diagram showing a variable fre-
with the ratio (13/14) of a current 13 flowing through the quency
oscillator using a reactance control circuit  differential
transistorcircuit 141 and a current 14 flow- which is a second embodiment
of the present in-   ing through the differential transistor circuit 142.
vention.                                     25   More specifically, when
13>14, the negative feedback Avariable frequency oscillator using a
reactance  loop decreasesthe outputofthe oscillator 16, with the control
circuit which is a first embodiment of the pres-  result that the reactance
C of the variable reactance ent Invention will now be described with
reference to  circuit 14 is high. Conversely, when 13> 14, the posi- Fig.
2.                                              tive feedback loop
Increases the output of the oscil- The variable frequency oscillator
according to  30  lator 16, and thus the reactance C Is low. this
embodiment comprises a differential amplifier       Forsimplicity, let
ussuppose two extreme cases. 12, a variable reactance circuit 14, an
oscillating cir-  In the first case, the DC amplifier 20 generates the cuit
16, and a DC amplifier 20.                       current 13 but notthe
current 14. In contrast, in the sec- The differential amplifier 12 is made
up of a re-  ond case, the DC amplifier 20 generates the current sistor R8,
PNP transistors Q11 and Q12, and a low-   35  14 but not the current 13. In
the first case, the reac- pass filter (LPF) 11. An input voltage Vin is
smoothed  tance C of the variable reactance circuit 14, when by low-pass
filter 11 and is supplied to the base of the  viewed from the ceramic
resonator 162, is expressed PNP transistor Q11. The base of the PNP
transistor    as Q12, on the other hand, is coupled for reception of a
C = (1 + gm.R5)C1  (1) >   reference voltage Vrefl. The value of a
difference in  40  In the second case, the reactance C of the variable re-
the level of the inputvoltage Vin and the reference vol-  actance circuit
14 is expressed as tage Vref1 determines the levels of currents 11 and 12
C = (1 - gm.R5)C1  (2) produced by the differential amplifier 12. For exam-
In the above equations, gm denotes the mutual con- ple, when there is zero
difference in these voltages,  ductance of each of the transistors Q5 to
Q8. the currents I1 and 12 are equal.                45      It is apparent
from the above explanation that the The oscillating circuit 16 is made up
of an oscil-  reactance C of the variable reactance circuit 14 (par- lator
161 and a ceramic resonator 162, and its oscil-  allel capacitance of the
ceramic resonator 162) is con- lating frequency is determined by the
resonance fre-  trolled by the ratio (13/14) of the currents 13 and 14, and
quency of the ceramic resonator 162 and the rea-      determines the
oscillatingfrequency of the oscillating tance value of the variable
reactance circuit 14.  50   circuit 16. The variable reactance circuit 14
is made up of a     The DC amplifier 20 functions to amplify the out-
capacitor C1, resistors R3 to R5, a first differential  put currents 11 and
12 of the differential amplifier 12, transistor circuit 141 including NPN
transistor Q5 and  and to feed the amplified currents as the currents 13
Q6, a second differential transistor circuit 142 includ-  and 14 to the
variable reactance circuit 14. The DC ing NPN transistors Q7 and Q8, and a
current mirror  55   amplifier 20 is made up of NPN transistors Q1 and Q2
circuit 143 including PNP transistors Q9 and Q10 and  for producing the
currents 13 and 14, and a control cir- resistors R6 and R7. An emitter
common to the NPN     cult 21 for providing base potentials for transistors
Q1 transistors Q5 and Q6 In the first differential transis-  and Q2. The
control circuit 21 is made up of NPN tran- 3    5                   EP 0
388 890 B1                  6 sistors Q3 and Q4, and resistors R1, R2, R11,
and   creased to be extremely small. 



R12.                                                    Where the currents
13 and 14 are both small, the The transistor Q1 is connected at the
collector to  currents flowing into the the transistors Q5 to Q8 in the
current output terminal C for outputting the cur-  the variable reactance
circuit 14 are small. According- rent I3, and at the emitter to a ground
terminal. The   5   ly, the mutual conductance "gm"of each transistor Q5
transistor Q2 is connected at the collector to the cur-  to Q8 is also
small. This fact implies that the term "gm rent output terminal D for
outputting the current 14,  x R5" In each of the equations (1) and (2) is
small, and and at the emitter to a ground terminal. The transis-  hence
that even if the currents 13 and 14 are some- tors Q1 and Q2 as designed to
have the same geo-    what different, the reactance of the variable reac-
metrics, the base of the transistor Q1 being connect-  io  tance circuit 14
is little changed by such a difference, ed to the collector of the
transistor Q3, whose emitter  and is kept at a value approximately equal to
the ref- is connected to a ground terminal, and the base of the  erence
reactance Cref. transistor Q2 being connected to the collector of the
Fig. 3 shows a graphical representation of a rela- transistor Q4, whose
emitter is also connected to a  tionship of the reactance C of the variable
reactance ground terminal. The bases of the transistors Q3 and   15
circuit 14 vs. difference factor (as given by [err] Q4 are interconnected.
The resistor R11 is located be- tween the input node A for receiving the
current 11  of the currents 13 and 14. In the figure, a line L1 indi- from
the differential amplifier 12 and the collector of  cates the relationship
of the circuit of Fig. 2, and a line the transistor Q3, and the resistor
R12 is located be-  L2, that of the prior circuit of Fig. 1. To plot the
graph, tween the input node B for receiving the current 12  20  in the
circuit of Fig. 2, C1 = 20 pF, R5 = 2.7 kilo ohms, from the amplifier 12
and the collector of the transis-  11 = 12=100 uA, and R11 = R12 = 600
ohms. As seen tor Q4. The resistors R1 and R2 are located between  from the
graph, in the Fig. 2 circuit according to the the input nodes A and B,
respectively, and the base  invention, the reactance C of the reactance
circuit 14 common to the transistors Q3 and Q4. The resistors  is kept at
an almost constantvalue (here, 20 pF) irres- RI and R2 are equal in
resistance, as are resistors R3   25   pective of the difference factor.
The reason for this is and R4.
that when 11 = 12, the output currents 11 and 12 of the When 11 = 12 in the
DC amplifier 20, the potential  DC amplifier 20 are both controlled to be
very small. at a connection point (node A) of the resistors R1 and  The
description that follows Is an operation of the R11 is substantially equal
to that at a connection point  DC amplifier 20 when the current I1 is not
equal to (node B) of the resistors R2 and R11. As a result, only  30  that
of the current 12. a small amount of current flows between the nodes A
In the description, It is assumed that 11 = I + Al and and B through the
resistors R1 and R2, and thus the  12 = I - [err]. Under this condition,
since the base poten- current 11 flows into the resistor R11,while the
current  tials of the transistors Q3 and Q4 are equal to each 12 flows into
the resistor R12. Assuming that the re-  other, the collectorcurrentof the
transistorQ3 flowing sistance value of each of the resistors R11 and R12
35  through the resistor R11 is equal to that of the tran- is R, and the
current value of each of the currents 11  sistorQ4 flowing through the
resistor R12. Specifical- and 12 is 1, then the base potential of each
transistor  ly, of the current I + [err] flowing from the differential (Q1
or Q2) is smaller, by RI, than the potential at the  amplifier 12 Into the
node A, the current component corresponding node (A or B). Since the
current flow-  Al flows into the node B through the resistors R1 and ing
between the nodes A and B through the resistors  40   R2, and the current
component I flows through the re- RI and R2 is almost zero, a potential at
the base com-  sistor R11 as the collector current of the transistor Q3.
mon to the transistors Q3 and Q4 is substantially   Accordingly, the
current Al from the node A and the equal to the potential at the node A (=
node B).    current I - Al from the differential amplifier 12 flow Under
this condition, the base-emitter voltage   into the node B. Therefore, the
current value flowing VBE1 of each of the transistors Q1 and Q2 is by RI
45  Into the resistor R12 in the form of the collector cur- smaller than
that VBE2 of each of the transistors Q3  rent of the transistor Q4 is equal
to I (= I -  [err]). As and Q4. Assuming that a currentvalue of each
current  a result, the collectorcurrentof the transistorQ3 flow- 13 and 14
is lout, and a thermoelectromotive force of  ing through the resistor R11
is equal to that of the tran- each transistor Q1 to Q4 Is VT = KT/q (where
K =    sitor Q4 flowing through the resistor R12. Boltzman constant, T =
absolute temperature, q =   50   The currentAl flowsfromthe nodeAtothe node
electric charge of electron), a current gain lout/I of the  B through the
resistors R1 and R2, to produce a po- DC amplifier 20 when II = 12, is
expressed by       tential difference (RI + R2) x [err] between the nodes A
lout/I = EXP [ - RI/VT]  (3)              and B. The voltage generated
across each of the re- The above formula teaches that as the current I
sistors R11 and R12 is RI. Therefore, a potential dif- from the
differential amplifier 12 increases, the cur-  55  ference (RI + R2) x Al
is caused between the bases rent gain lout/I of the DC amplifier 20
exponentially  of the transistors Q1 and Q2. Thus, when I1 [er] 12, the
decreases. Therefore, when 11 = 12, the output cur-  DC amplifier 20
amplifies the currents I1 and 12, and rents 13 and 14 of the DC amplifier
20 are both de-  produces the currents 13 and 14. 4    7
EP 0  388 890 B1                      8 As seen from the foregoing
description, In the DC  the currents flowing into the differential
transistor cir- amplifier 20, when 11 = 12, the values of the currents
cuits 141 and 142 in the variable reactance circuit 14 



13 and 14 is controlled to be small. When 11 [err] 12, the  are both small.
Therefore, if the transistors Q1 and potential difference (R1 + R2) x Al is
caused between  Q2 are different in geometries and operating charac- the
bases of the transistors Q1 and Q2 and therefore   5   teristic, a
difference between the current flowing to the satisfactorily large currents
13 and 14 are pro-  the differential transistor circuit 141 and the current
duced.                                              flowing to the
differential transistor circuit 142 is very Fig. 4 is a circuit diagram
showing a variable fre-  small. For this reason, the reference reactance
Cref quency oscillator using a reactance control circuit,  of the variable
reactance circuit 14 is free from the dif- which is a second embodiment of
the present inven-  10  ference of the geometries and the operating charac-
tion. In this embodiment, a DC amplifier 30 is used in  teristics ofthe
transistors Q1 and Q2. Therefore, a de- place of the DC amplifier 20 in the
first embodiment  sired reference reactance Cref may be secured. of Fig. 2.
The DC amplifier 30is made up of NPN tran-   Reference signs in the claims
are intended for sistors Q1 and Q2, and a control circuit 31 forcontrol-
better understanding and shall not limit the scope. ling the base
potentials of those transistors. The con-  15 trol circuit 31 is made up of
resistors R1 and R2, and NPN transistors Q30 and Q40. An emitter area of
Claims each of the NPN transistors Q30 and Q40 is larger than that of each
of the NPN transistors Q1 and Q2.  1. A reactance control circuit
comprising: In this instance, the former is three times as large as   20  a
variable reactance circuit (14) having the latter.
first and second differential transistor circuits In the DC amplifier 30,
when the currents 11 and    (141,142), a reactance of said variable
reactance 12 derived from the differential amplifier 12 are equal  circuit
being determined by the currents flowing to each other, I1 = 12, a
potential at the node A is ap-  to said first and second differential
transistors proximately equal to that at the node B. Accordingly,  25
(141, 142); and little current flows between the nodes A and B
a differential amplifier (12) for producing through the resistors R1 and
R2. Underthis condition,   first and second currents (I1, I2) In accordance
the potential at the base common to the transistors     with an input
voltage (Vin); characterized by com- Q30 and Q40 may be considered to be
equal to the        prising: potential at the node A (= node B). The base
potential  30    a DC amplifier circuit (20; 30) for amplify- of each of
the transistors Q1 and Q2 Is likewise equal  Ing the first and second
currents (11, 12) derived to the potential at the node A (= node B).
Accordingly,  from said differential amplifier (12), and for sup- the
base-emitter voltage VBE1 of each of the transis-   plying the amplified
currents to said variable re- tors Q1 and Q2 is equal to that VBE2 of each
of the     actance circuit (14) in order to control the cur- transistors
Q30 and Q40. Since the emitter area of  35  rents flowing to said first and
second differential each transistor Q1 and Q2 is 1/3 as large as that of
transistor circuits (141, 142); each transistor Q30 and Q40, the
currentflowing into         said DC amplifier circuit (20; 30) including
each transistorQ1 and Q2 is 1/3thatflowing into each               first
and second input terminals (A, transistor Q30 and Q40. When the currents I1
and I2     B) for receiving first and second currents (11, 12) derived from
the differential amplifier 12 are equal to  40  outputfrom said
differential amplifier circuit (12), each other, the output currents 13 and
14 of the DC     respectively, amplifier 30 are both controlled to be
small.                      first and second terminals (C, D) for When 11 *
12, for example, I1 = I + [err] and 12 = I -  supplying the third and
fourth currents (13,14) to Al, the current Al flows from the node A to the
node    said variable reactance circuit (14), respectively, B through the
resistors R1 and R2. Therefore, a po-  45            a first transistor
(Q1), having a col- tential difference (RI + R2) x [err] is caused between
the  lector coupled with said first output terminal (C), nodes Aand B. When
the currents 11 [err] 12, the DC am-     an emitter coupled with a
predetermined poten- plifler 30 amplifiers the currents 11 and 12 and
produc-  tial supplying terminal (Gnd), and a base, es currents 13 and 14.
a second transistor (Q2), having a Also in the DC amplifier 30, when 11 =
12, the val-  50  collector coupled with said second output termi- ues of
the currents 13 and 14 are controlled to be      nal (D), an emitter
coupled with said predeter- small. When I1 [err] 12, the potential
difference (R1 + R2)  mined potential supplying terminal (Gnd), and a x
[err] is caused between the bases of the transistors     base, and Q1 and
Q2 and therefore the satisfactorily large cur-              base potential
control means for, rents 13 and 14 are produced.                  55
when said first and second currents (I1, 12) differ As described above, in
the DC amplifier 20 or 30,   from each other, supplying different
potentials to when 11 = 12, the currents flowing to the transistors   the
bases of said first and second transistors Q1 and Q2 may be reduced.
Therefore, when 11 = 12,      (Q1, Q2) so that third and fourth currents
(13, 14) 5    7                    EP 0 388 890 B1                  8 As
seen from the foregoing description, in the DC  the currents flowing into
the differential transistor cir- amplifier 20, when 11 = 12, the values of
the currents  cuits 141 and 142 in the variable reactance circuit 14 13 and
14 is controlled to be small. When I1 [err] I2, the  are both small.
Therefore, if the transistors Q1 and 



potential difference (R1 + R2) x [err] is caused between  Q2 are different
in geometries and operating charac- the bases of the transistors Q1 and Q2
and therefore    5   teristic, a difference between the current flowing to
the satisfactorily large currents 13 and 14 are pro-  the differential
transistor circuit 141 and the current duced.
flowing to the differential transistor circuit 142 is very Fig. 4 is a
circuit diagram showing a variable fre-  small. For this reason, the
reference reactance Cref quency oscillator using a reactance control
circuit,  of the variable reactance circuit 14 is free from the dif- which
is a second embodiment of the present inven-   10  ference of the
geometries and the operating charac- tion. In this embodiment, a DC
amplifier 30 is used in  teristics ofthe transistors Q1 and Q2. Therefore,
a de- place of the DC amplifier 20 in the first embodiment  sired reference
reactance Cref may be secured. of Fig. 2. The DC amplifier 30 is made up of
NPN tran-   Reference signs in the claims are intended for sistors Q1 and
Q2, and a control circuit 31 for control-  better understanding and shall
not limit the scope. ling the base potentials of those transistors. The
con-   15 trol circuit 31 is made up of resistors R1 and R2, and NPN
transistors Q30 and Q40. An emitter area of       Claims each of the NPN
transistors Q30 and Q40 is larger than that of each of the NPN transistors
Q1 and Q2.   1. A reactance control circuit comprising: In this instance,
the former is three times as large as   20   a variable reactance circuit
(14) having the latter.                                              first
and second differential transistor circuits In the DC amplifier 30, when
the currents 11 and      (141, 142), a reactance of said variable reactance
12 derived from the differential amplifier 12 are equal  circuit being
determined by the currents flowing to each other, I1 = 12, a potential at
the node A is ap-  to said first and second differential transistors
proximately equal to that at the node B. Accordingly,  25  (141, 142); and
little current flows between the nodes A and B                 a
differential amplifier (12) for producing through the resistors R1 and R2.
Underthis condition,    first and second currents (11, 12) in accordance
the potential at the base common to the transistors      with an input
voltage (Vin); characterized by com- Q30 and Q40 may be considered to be
equal to the         prising: potential at the node A (= node B). The base
potential   30    a DC amplifier circuit (20; 30) for amplify- of each of
the transistors Q1 and Q2 is likewise equal   ing the first and second
currents (I1, 12) derived to the potential at the node A (= node B).
Accordingly,  from said differential amplifier (12), and for sup- the
base-emitter voltage VBE1 of each of the transis-    plying the amplified
currents to said variable re- tors Q1 and Q2 is equal to that VBE2 of each
of the      actance circuit (14) in order to control the cur- transistors
Q30 and Q40. Since the emitter area of   35  rents flowing to said first
and second differential each transistor Q1 and Q2 is 1/3 as large as that
of     transistor circuits (141, 142); each transistor Q30 and Q40, the
current flowing into          said DC amplifier circuit (20; 30) Including
each transistorQ1 and Q2 is 1/3 thatflowing into each                first
and second input terminals (A, transistor Q30 and Q40. When the currents 11
and 12      B) for receiving first and second currents (II, 12) derived
from the differential amplifier 12 are equal to   40  outputfrom said
differential amplifiercircuit (12), each other, the output currents 13 and
14 of the DC      respectively, amplifier 30 are both controlled to be
small.                        first and second terminals (C, D) for When I1
[err] 12, for example, I1 = I + Al and 12 = I -   supplying the third and
fourth currents (13,14) to [err], the current [err] flows from the node A
to the node     said variable reactance circuit (14), respectively, B
through the resistors R1 and R2. Therefore, a po-   45             a first
transistor (Q1), having a col- tential difference (RI + R2) x [err] is
caused between the  lector coupled with said first output terminal (C),
nodes Aand B. When the currents I1 [err] I2, the DC am-      an emitter
coupled with a predetermined poten- plifier30 amplifiers the currents I1
and I2 and produc-  tial supplying terminal (Gnd), and a base, es currents
13 and 14.                                               a second
transistor (Q2), having a Also in the DC amplifier 30, when 11 = 12, the
val-  50  collector coupled with said second output termi- ues of the
currents 13 and 14 are controlled to be       nal (D), an emitter coupled
with said predeter- small. When I1 [err] I2, the potential difference (R1 +
R2)  mined potential supplying terminal (Gnd), and a x Al is caused between
the bases of the transistors      base, and Q1 and Q2 and therefore the
satisfactorily large cur-                base potential control means for,
rents 13 and 14 are produced.                   55       when said first
and second currents (I1, 12) differ As described above, in the DC amplifier
20 or 30,     from each other, supplying different potentials to when 11 =
12, the currents flowing to the transistors    the bases of said first and
second transistors Q1 and Q2 may be reduced. Therefore, when 11 = 12,
(Q1, Q2) so that third and fourth currents (13,14) 5    9
EP 0 388 890 B1                  10 corresponding to said first and second
currents     the base of said second transistor (Q2), an emit- (I1, 12)
flow through said first and second transis-  ter having an area N times as
large as an emitter tors (Q1, Q2), respectively,
area of said second transistor (Q2) coupled with when the first and second
currents       said predetermined potential supply terminal 



(11, 12) are equal to each other, supplying a pre-   5  (Gnd), and a base
coupled with the base of said determined low potential to the bases of the
first  third transistor (Q30), a first impedance element and second
transistor (Q1, Q2) so that the third    (R1), located between said first
input terminal (A) and fourth currents (13,14) flowing to the first and
and the base common to said third and fourth second transistor (Q1, Q2) are
both reduced.        transistors (Q30, Q40), and a second impedance 10
element (R2), located between said second input 2. The reactance control
circuit according to claim     terminal (B) and the base common to said
third 1, characterized in that said base potential con-   and fourth
transistors (Q30, Q40). trol means (21) includes a third transistor (Q3),
having a collector connecting to the base of said  7. The reactance control
circuit according to claim first transistor (Q1), an emitter coupled with
said   15  6, characterized in that said first and second im- predetermined
potential supplying  terminal        pedance elements (R1, R2) have equal
resis- (Gnd), and a base, a fourth transistor (Q4), hav-   tance values.
ing a collector connected to the base of said sec- ond transistor (Q2), an
emitter coupled with said  8. The reactance control circuit according to
claim predetermined  potential supplying  terminal  20    6, characterized
in that said first and second tran- (Gnd), and a base interconnected with
the base      sistors (Q1, Q2) have equal geometrics. of said third
transistor (Q3), a first impedance ele- ment (R1), located between said
first input termi- nal (A) and the base common to said third and
PatentansprOche fourth transistors (Q3, Q4), a second impedance   25
element (R2), located between said second input  1.
Reaktanzsteuerschaltung, welche umfalt: terminal (B) and the base common to
said third      eine Schaltung mitvariabler Reaktanz (14) miter- and fourth
transistors (Q3, Q4), a third impe-      sten und zweiten
Differentialtransistorschaltun- dance element (R11), located between said
first     gen (141, 142), wobei eine Reaktanz der Schal- input terminal (A)
and the base of said first tran-   30  tung mit variabler Reaktanz bestimmt
ist durch sistor (Q1), and a fourth impedance element         die Strome,
die an die ersten und zweiten Diffe- (R12), located between said second
input termi-     rentialtransistoren (141, 142) flieBen; und nal (B) and
the base of said second transistor      einen Differentialverstirker (12)
zum Erzeugen (02).                                                erster
und  zwelter  Str~me  (11, 12)  in 96      Obereinstimmng mit elner
Eingabespannung 3. The reactance control circuit according to claim
(Vin); 2, characterized in that said first and second im-  gekennzelchnet
durch pedance elements (R1, R2) have equal resis-         eine
DC-Verstarkerschaltung (20; 30) zum Ver- tance values.
starken der ersten und zweiten Strome (11, 12), 40      die sich ableiten
aus dem Differentialverstarker 4. The reactance control circuit according
to claim     (12); und zum Zuffhren der verstarkten Strome 2, characterized
in that said third and fourth im-  an die Schaltung mitvariabler Reaktanz
(14) zum pedance elements (R11, R12) have equal resis-       Steuern der
Strome, die an die ersten und zwei- tance values.
ten Differentialtransistorschaltungen (141, 142) 46      flieen; 5. The
reactance control circuit according to claim     wobei die
DC-Verstirkerschaltung (20; 30) bein- 2, characterized in that said f irst
to fourth transis-  haltet tors (Q1, Q2, Q3, Q4) have equal geometrics.
erste und zweite EingabeanschlOsse (AB) zum Empfangen erster und zweiter
Strome (11, 12), 6. The reactance control circuit according to claim   so
ausgegeben von der Differentialverstirkerschal- 1, characterized in that
said base potential con-   tung (12); trol means (31) includes a third
transistor (Q30),  erste und zweite Anschlusse (C, D)zumZufflhren having a
collector coupled with the base of said    der dritten und vierten Strome
(13, 14) an die first transistor (Q1), an emitter having an area N
Schaltung mit variabler Reaktanz (14); times as large as an emitter area of
said first tran-  55  einen ersten Transistors (Q1) miteinem Kollektor,
sistor (Q1) coupled with said predetermined po-     der verbunden Ist mit
dem ersten Ausgabean- tential supplyterminal (Gnd), and a base, afourth
schluB (C), einem Emitter, der verbunden ist mit transistor (Q40), having a
collector coupled with   einem Zuffhrungsanschlul fOr ein vorbestimm- 6
11                  EP 0 388 890 B1                  12         11111 liii
11111111 11 I1 * C   L   M   S * tea Potential (Gnd), und einer Basis;
standswerte haben. einen zweiten Transistors (02) mit elnem Kollek- tor,
der verbunden ist mit dem zweiten Ausgabe-  5. Reaktanzsteuerschaltung nach
Anspruch 2, da- anschluS (D), einem Emitter, der verbunden ist      durch
gekennzelchnet, dam die erstin bis vierten 



mit dam Zufflhrungsanschlul fOr das vorbe-   s      Transistoren (01, Q2,
Q3, Q4) gleiche Geome- k-i   stimmte Potential (Gnd), und elner Basis; und
trien haben. elne Basispotential-Steuereinrichtung zum Zu- fuhren
verschiedener Potentialo an die Basen der  6. Reaktanzstbuerschaltung nach
Anspruch 1, da- ersten undzweitenTransistoren (Q1,Q2), wenn die     durch
gekennzeichnet, daB die Basispotential- ersten und zweiten Str6me (11,
12)voneinanderver-  10  Stbuereinrichtung (31), einen dritten Transistor
schieden sind, so dam dritte und vierte Strome (13,  (Q30) beinhaltet, mit
einem Kollektor, derverbun- 14) entsprechend den ersten und zweiten Stromen
den ist mit der Basis des ersten Transistors (Q1), (11, 12) durch die
ersten und zweilten Transistoren  einem Emitter miteiner Flache, die N mal
so groll (01, Q2) jeweils fliegen, und                       ist wle ein
Emitterbereich des ersten Transistors wenn die ersten und zweiten Strome
(11, 12)  is     (Q1), der verbunden ist mit dim Zufuhrungsan- gleich
einander sind, zum Zufflhren eines vorbe-    schlulfOrdasvorbestimmte
Potential (Gnd), und stimmtbn Niedrigpotbntials an die Basis des er-
iiner Basis, einen vierten Transistor (Q40) mit ei- sten und zweiten
Transistors (Q1, 02), so daB die    nem Kollektor, der verbunden lst mit
einer Basis dritten und vierten Strome (13,14), die zu den er-  des zwilten
Transistors (Q2), einem Emitter mit stn und zweiten Transistoren (Q1, 02)
flielen,  20  einem Berelch, der N mal so grol3 istwie ein Emit- belde
reduziert sind.                               terbereich des zweiten
Transistors (Q2), der ver- bunden ist mit dim ZufflhrungsanschluS fOr das
2. Reaktanzstbuerschaltung nach Anspruch 1, di-         vorbestimmte
Potential (Gnd), und einer Basis, durch gekennzeichnet, daB die
Basispotentlal-       die verbunden ist mit der Basis des dritten Tran-
Steuereinrichtung (21) einen dritten Transistor  25  sistors (030), ein
erstes Impedanzelement (RI), (03) beinhaltet mit einem Kolektor, der
verbun-     angesiedelt zwischen dim ersten Eingabean- den let mit der
Basis des ersten Transistors (01),  schlug (A) und der Basis, die gemeinsam
let dim einem Emitter, der verbunden Ist mit dim ZufOh-     dritten und
vierten Transistor (Q30, Q40), und ein rungsanschlul fOr das vorbetimmte
Potential         zweltes Impedanzelement (R2), angesiedelt zwi- (Gnd), und
einer Basis, einen vierten Transistor  3o  schen dim zwelten
Eingabeanschlul3 (B) und der (Q4) mit elnem Kollektor, der verbunden Ist
mit     Basis, die gemeinsam istfOr den dritten und vier- der Basis des
zweiten Transistors (Q2), einem       ten Transistor (Q30, 040). Emitter,
der verbunden ist mit dim Zufrihrungs- anschlul fur das vorbestimmte
Potential (Gnd),   7. Reaktanzstbuerschaltung nach Anspruch 6, di- und
einer Basis, die verbunden ist mit der Basis  36  durch gekennzelchnet, daB
die ersten und zwii- des dritten Transistors (03), ein erstbs Impe-
ten Impedanzelemente (RI, R2) gleiche Wider- danzelement (RI),
angesiedeltzwischen dim er-       standswerte haben. stin EingabeanschluS
(A) und der Basis, die go- meinsam ist den dritten und vierten Transistor
8. Reaktanzsteuerschaltung nach Anspruch 6, da- (03, Q4), ein zweites
Impedanzelement (R2), an-  4o  durch gekennzelchnet, daB die ersten und
zwei- gesiedelt zwischen dim  zweiten Eingabean-          ten Tranistoren
(Q1, 02) glelche Geometrien ha- schlul (B) und der Basis, die gemeinsam ist
dim     ben. dritten und vlerten Transistor (Q3, Q4), eln drittes
Impedanzelement (R11), angesiedelt zwischen dim ersten Elngabeanschluft (A)
und der Basis  45   Revendlcatlons des ersten Transistors (Q1), und eln
viertbs Impe- danzelement (R12), angesiedelt zwischen dim      1. Circuit
de commando de reactance comprenant: zwelten Eingabeanschlul (B) und der
Basis des             un circuit de reactance variable (14) ayant zweiten
Transistors (02).                           des premier et second circuits
differentiels de 60      transistor (141, 142), une reactance dudit circuit
3. Reaktanzsteuerschaltung nach Anspruch 2, di-         de reactance
variable etant d6termin6e par les durch gekennzelchnit, daS die ersten und
zwei-      courants passant dans lesdits premier et second ten
Impedanzelemente (RI, R2) gleiche Wider-        transistors differentiels
(141, 142) ; et standswerte haben.
un amplificateur differentiel (12) pour pro- 5S      duire des premier et
second courants (11, 12) so- 4. Reaktanzsbtuerschaltung nach Anspruch 2,
da-        Ion une tension d'entree (Vin) ; caract6ris6 en ce durch
gekennzeichnet, daS dis dritten und vier-     qu'll comprend: ten
Impedanzelemente (Ru1, R12) gleiche Wider-            un circuit
amplificateur de courant continu 7    13                  EP 0 388 890 B1
14      1 1!11j 111111 1111 11 11*11 (20; 30) pour amplifier les premier et
second       ment d'impedance (R2), situe entre ladite secon- courants (11,
12) derives dudit amplificateurdiffe-  de borne d'entr6e (B) et la base
commune aux- rentiel (12), et pour fournir les courants amplifies  dits
troislbme et quatrinme transistors (Q3, Q4), audit circuit de reactance
variable (14) afin de    un trolsilme element d'impedance (R11), situ6
commander les courants passant dana lesdits   5     entre laditb premiere
borne d'entree (A) et la 



premier et second circuits dIffirentiels de tran-   base dudit premier
transistor (Q1), et un quatrie- slstor (141, 142);
me elementd'imp6dance (R12) situ6 entre ladite ledit circuit amplificateur
de courant conti-  seconde borne d'entr6e (B) et la base dudit se- nu (20,
30) comprenant:                             cond transistor (Q2). des
premibre et seconde bornes d'entree  10 (A, B) pour recovoir
respectivement, des premier  3. Circuit de commands de reactance selon la
re- et second courants (11, 12) fournis par ledit circuit  vendlcation 2,
caracterise en ce que lesdits pre- amplificatbur differentiel (12),
mier et second elements d'imp6dance (RI, R2) des premiere et seconds bornes
(C, D)          ont des valeurs de resistances egales. pourfournir
respectivement, les trolsibme otqua-  15 trinme courants (13,14) audit
circuit de resistance  4. Circuit de commando de r6actance salon la re-
variable (14),                                      vendicatbon 2,
caracterise en ce que lesdits troi- un premier transistor (Q1), ayant un
col-      sibme et quatrieme elements d'impedance (R11, lecteur couple A
ladite premiere borne de sortie    R12) ont des valeurs de resistance
egales. (C), un emettbur couple A une borne de fournitu-  20 re de
potentiel predetermine (Gnd) et une base,  5. Circuit de commando de
r6actance selon Ia re- un second transistor (Q2), ayant un colleo-
vendication 2, caracterlse en ce quo lesdits pre- tour couple a ladit
seconde borne de sortie (D),    mier au quatrieme transistors (Q1, Q2, Q3,
Q4) un emetteur couple A ladite borne de fourniture     ont des g6om6tries
egales. de potentiel preddtermin6 (Gnd), et une base, et  26 un dispositif
de commando de potentiel de  6. Circuit de commando de r6actance solon la
re- base pour, lorsque lesdits premier et second cou-   vendication 1,
caracteise en ce que ledit dispo- rants (11, 12) different l'un de lFautre,
fournir dif-  sitif de commando de potentiel de base (31) ferents
potentiels aux bases desdits premier et     comprend un troisibme
transistor (Q30) ayant un second transistors (Q1 et Q2) pour quo des troi-
30  collecteur couple A la base dudit premier transis- sieme et quatrieme
courants (13,14) correspon-      tor (Q1), un emetbtur ayant une zone N
fois plus dant auxdlts premier et second courants (11, 12)    grande qu'une
zone d'emetbeur dudit premier passent respectivement A travers lesdits
premier    transistor (Q1) couple A ladite borne de fourniture et second
transistors (Q1, Q2),                     de potentiel pridteormin6 (Gnd),
et une base, un lorsque les premier et second courants  35     quatribme
transistor (Q40), ayant un collecteur (11, 12) sont egaux i'un a l'autre,
fournir un poten-  couple a la base dudit second transistor (Q2), un tiel
de niveau bas preditermine aux bases des       emetteur ayant une surface N
fois plus grande premier et second transistors (Q1, Q2) pour quo     qu'une
surface d'emetteur dudit second transis- les troisieme et quatribme
courants (13,14) pas-    tor (Q2) couple A ladite borne de fourniture de
po- sant dans lea premier et second transistors (Q1,  40  tbntiel
priditermin6 (Gnd), et une base couplie Q2) soient tous les deux redults.
A la base dudit trolsieme transistor (Q30), un pre- mier element
d'imp6dance (RI), situ6 entre ladi- 2. Circuit de commando de reactance
solon la re-        to premiere borne d'entr6e (A) etla base commu-
vendication 1, caracteris6 en ce quo ledit dispo-   ne auxdits troisleme et
quatrieme transistors sitif de commando de potentiel de base (21)   4s
(Q30, Q40), et un second el6ment d'imp6dancoe comprend un troisieme
transistor (Q3), ayant un     (R2) situ6 entre ladite seconds borne
d'entr6e collecteur reliant la base dudit premier transistor  (B) et la
base commune auxdlts troisilme et qua- (QI), un emetour couple A ladito
borne de four-     trieme transistors (Q30, Q40). niture de potentlel
preditermin6 (Gnd), et une base, un quatrieme transistor (Q4), ayant un
col-  6o  7. Circuit de commando de reactance selon la re- lecteur relie A
la base dudit second transistor     vendication 6, caracterise en ce quo
lesdits pre- (Q2), un emetbfur couple a ladite borne de four-    mier et
second elements d'impedance (RI, R2) niture de potentlel preditermine
(Gnd), et une      ont des valours de resistances egales. base
Intbrconnectee A la base dudit troisibme transistor (Q3), un premier
element d'impedance  65   8. Circuit de commande de r6actance solon la re-
(RI), situe entre laditb premiere borne d'entree    vondicatlon 6,
caracterise en ce quo lesdits pre- (A) et la borne commune auxdits
troisibme et        mier et second transistors (QI, Q2) ont des geo-
quatribme transistors (Q3, Q4), un second ele-      metrles Agales. 8    


