
1  CONVERTER CIRCUIT AND DOUBL-BALANCE MIXER       The invention relates to
a converter circuit for con- varting an asymmetrical input signal into a
pair of sub- stantially symmetrical output signal currents, compris- ing a
first and a second transistor, the emitter of the first transistor being
coupled to an asymmetrical input termi- nal, the collector of the first
transistor and the collector of the second transistor being coupled to a
first and to a second symmetrical output terminal respectively.      The
invention also relates to a double-balanced mixer circuit.      EP-A-0 131
337 describes a convertercircuit which  is used as an input stage 100 in a
double-balanced mix-  er circuit, as shown in figure 1. Its symmetrical
output  terminals SO1 and SO2, are coupled to the common  emitter terminals
3 and 4 of the differential mixer tran-  sistor pairs T1, T2 and T3, T4
respectively.      In the known converter circuit both the emitter of a
first transistor T5 and a second transistor T6 are coupled  to the
asymmetrical input terminal Al, via an inductive  transformer 12. The
inductive transformer converts the  asymmetrical signal from signal source
10 Into a pair of  symmetrical signals at the emitters of transistor T5 and
T6. Thus the signals applied at the emiters of transistors  TS and T6 are
in phase opposition. Since the bases of  transistors T5 and T6 are
connected to signal ground,  these transistors constitute a symmetrical
current fol-  lower. The pair of symmetrical signal currents at the
emittors of these transistors, Is transferred with nearly  unity gain to a
pair symmetrical output signal currents  at terminals SO1 and S02.
Although the known converter circuit is suitable to be used in a high
performance receiver front-end, it in- herently requires an inductive
transformer to transform an asymmetrical input signal into a pair of
symmetrical                               2  signals. Such an inductive
transformer is relatively ex- pensive and occupies a relatively large
space. More and more receiver functions are integrated on a single chip to
meet the demand for cheap and small size receivers. for example in cordless
telephony. The inductive con- verter is unsuited to be Integrated on a
chip. Further- more, at least two connection pins are required to couple
the inductive transformer to the integrated components of the converter
circuit. The number of connection pins may increase and herewith the size
and the price of the housing of the chip.     As such, converter circuits
are known that do not require an inductive transformer. For example, EP-A
0,351,639 discloses an input circut for a high frequency 



amplifier using four transistors, the emitters of both a first and a second
transistor are connected to a refer- ence point. The base of the first
transistor constitutes an asymmetrical Input terminal of the circuit and
the base of the second transistor is connected to the collec- tor of the
first transistor. The collector of the first transis- tor is connected to
the emitter of the third transistor and the collector of the second
transistor is connected to the emitter of the fourth transistor. The bases
of the third and fourth transistor are connected with each other and at
least one of the collectors of the third and fourth tran- sistor is
connected to a current source.      DE-A-28,39,061 describes a long-tail
pair input stage in double-balanced mixer circuit. However, the performance
of the long-tail pair input stage is inferior to that of the converter
circuit as disclosed in EP-A- 0,131,337. First of all, the long-tall pair
input stage ex- hibits a worse noise and intermodulation behaviour, as
explained in the aformentioned European Patent Appli- cation. Secondly, the
long-tail pair input stage has a rel- atively high input impedance,
compared to the converter           circuit disclosed in EP-A-0,131,337.
This makes tho long-tail pair input stage more susceplible to interterenc-
ee due to parasitic capacitive couplings of unwanted sig- nal sources with
the asymmetrical input terminal. Third ly, the symmetry between the pair of
output signal cur- rents, applied at the common emitter terminals of the
two pairs of mixer transistors, will in generalbe less than that of the
known convener circuit disclosed in EP-A- 0,131,337.     It is inter alia
an object of the invention to provide a converter circuit for converting an
asymmetrical input signal into a pair of substantially symmetrical output
sig- nal currents, that has a performance comparable to that of the known
converter circult comprising an inductive transformer, but which is more
suited to integration on a chip and which requires only one input
connection pin and less voluminous and/or expensive external compo nents.
To this end the converter circuit as specified in the opening paragraph is
characterized in that the asym- metrical inpul terminal is coupled to a
node commonly coupled to the emitier of the first transistor and to the
base of the second transistor, the first and the second transistor being
arranged in common base configuration and in common emitter configuration
respectively.      The invention is based on the recognition that a pair
of symmetrical output signal currents can be obtained  by directing an
input current from the signal source to  flow to the first symmetrical
output terminal via the first  transistor and that at least the signal
voltage across the  emitter-base junction of the first transistor, should
be  used to drive the second transistor, which can provide  a collector
current that is substantially in phase opposi-  tion with the collector
current of the first transistor. The 



first transistor is arranged in common base configuration          and
constitutes a non-inverting current follower, where- as the second
transistor is arranged in common emitter configuration and constitutes an
inverting transadmit- tance amplifier.     The input current from the
signal source transferred to the node, will substantially flow into the
emitter of the first transistor, since the input impedance of the current
follower is relatively low. The signal voltage at the node results from a
current-to-voltage conversion (transim- pedance), due to the non-zero input
impedance of the current follower. This signal voltage is applied at the
bass of the second transistor, and modulates its collec- tor current, which
will be in phase opposition with that of the first transistor. The
voltage-to-current conversion (transadmiittance) by the second transistor,
can be made substantially inverse to that of the previously men- tioned
current-to-voltage conversion, such that the col- lector currents of the
first and the second transistor are substantially symmetrical     A
preferred embodiment of the converter circuit ac- cording to the invention
is characterized in that a first impedance is arranged between the emitter
of the first transistor and the node and that a second impedance is
arranged between the emitter of the second transistor and signal ground.
The addition of impedances in series with the emitters of the first and
second transistors im- proves the large signal handling and/or the noise
behav- iour of the circuit.     A further preferred embodiment of the
converter cir- cuit according to the invention, is characterized in that an
input stage is arranged between the asymmetrical input terminal and the
node. The noise figure of this em- bodiment is comparable to that of the
known converter circui and is mainly determined by the input stage. The
input stage provides power gain, such that the noise contribution of the
first and the second transistors with
5                                     5        their respective emitter
series impedances, is relatively small compared to that of the input stage.
A further preferred embodiment of the converter cir- cult according to the
invention, is characterized in that        a cascode transistor in common
base configuration is arranged between the collector of the second
transistor        and the second symmetrical output terminal, The cas-
code transistor may help to improve the symmetry of the        pair of
output signal currents, by equalizing the collec-        tor-base voltage
difference of the first and the second        transistor, such that the
so-called early effect' affects 



the signal transfer via both transistors to the same ex-        tent.
In order to improve the stability in biasing the con-         verter
circuit according to the invention, an embodiment         is preferably
characteried In that a DC-blocking capac-         itor is arranged between
the node and the base of the         second transistor, to decouple the
bias voltage of the         emitter of the first transistor from the bias
voltage of the         base of the second transistor.             Said
improvement is alternatively achieved by an-         other preferred
embodiment of the converter circuit ac-         cording to the invention,
being characterized in that it         comprises a bias control loop
comprising a first current         sensing circuit couplod to the first
transistor, a second         current sensing circuit coupled to the second
transistor,         a difference detection circuit with a first and a
second         input coupled to the output of the first and the second
current sensing circuit respectively, the output of the dif-
ference detection circut being coupled to the base of         the first
transistor via at least one loop capacitor.              When the converter
circuit is equipped with such a          bias control loop, it is possible
to obtain stable biasing          of the circuit without the use of said
DC-blocking capac-          itor. This converter circuit may advantageously
be used          when parasitic capacitances, introduced by said DC-
blocking capacitor, give rise to an unacceptable asym- metry in the pair of
output signal currents and/or when said DC-blocking capacitor requires too
much chip-ar- ea.     A further preferred embodiment based on the afore-
mentioned embodiment of the converter circuit accord- ing to the invention
is characterized in that a loop tran- sistor is inserted between the output
of the difference detection circuit and the base of the first transistor,
the base-emitter junction of the loop transistor constituting said loop
capacitor.     An embodiment of a double-balanced mixer circuit according
to the invention is defined In claim 9.     This embodiment of a
double-balanced mixer circuit is particularly suited to operate at very low
supply volt- ages (e.g. in 1 o 21,5 volt battery operated equipment), since
the number of emitter-base junctions arranged In series between the supply
voltage connections can be reduced to two. In this embodiment the first and
the sec- ond mixer transistor fulfil the role of the first transistor in a
converter circuit according to the invention. The base of the first and the
second mixertransistor are in general coupled to a low impedance signal
source, such that these transistors are arranged in a common base con-
figuration and act as current followers. The portion of the current from
the input signal source flowing through the first and through the second
mixer transistor, is de- termined by the voltage difference between their
re- spective bases. However, the input impedance at the first common
emitter terminal is the same as in the case where the first and the second
mixer transistor were to 



be replaced by a single transistor in common base con- figuration.
Consequently the transimpedance of both aforementioned cases has the same
magnitude, and the signal voltage at the node may thereofore be used to
drive the base of the second transistor.                                 7
The following figures clarify the invention.     Figure 1 is a
double-balanced mixer circuit with a conventional converter circuit as an
input stage.     Figure 2 is a first embodiment of a converter circuit
according to the invention.     Figure 3 is a double-balanced mixer circuit
with a second embodiment of a converter circuit according to The Invention.
Figure 4 is a double-balanced mixer circuit with a third embodiment of a
converter circuit according to the invention.     Figure 5 is a
double-balanced mixer circuit with a fourth embodiment of a converter
circuit accordingto the invention.     Figure 6 is a double-balanced mixer
circuit with a fifth embodiment of a converter circuit according to the
invention.     Figure 7 is an embodiment of a double-balanced mixer circuit
according lo the Invention.      The invention will be described in greater
detail with reference to Figures 2 to 7.      Figure 2 shows a first
embodiment of a converter circuit according to the invention, which is
particularly suited lor integration on a chip. The asymmetrical input
terminal Al is directly coupled to the node NC. The node NC is commonly
coupled to the emitter of a first transis- lor 101 via a first impedance
111 and to the base of a second transistor 102. Transistor 101 is
effectively ar- ranged in common base configuration, since the base of
transistor 101 is coupled to signal ground via a rele- tively low impedance
network constituted by diodes 241, 242 and 243 and impedance 244 connected
in series. Transistor 102, whose emitter is coupled to signal ground via
impedance 112, is arranged in common emit- ter configuration. The
collectors of transistors 101 and            102 constitute the first and
the second symmetrical out- put terminals (SO1, SO2) respectively, of the
converter   circuit. The components whose reference numeral com-   prise a
most significant decimal '2' and impedance 120.   serve to correctly bias
transistors 101 and 102, as will   be discussed later.       Transistor 101
and impedance 111 can be regarded 



as a non-inverting current follower, its input terminal be-   ing node NC,
its output terminal being terrminal SO1. The   input impedance of this
current follower is approximately   equal to the sum of impedance 111 and
the emitter im-   pedance of transistor 101. Transistor 102 and imped-
ance 112 can be regarded as an inverting transadmlt   tance amplifier, its
input terminal being node NC too, and   its output terminal being terminal
S02. The input imped-   ance of this transadmittance ampllfier is at least
an order   of magnitude higher than that of the current follower. Its
transadmittance gain, that is the voltage-to-current con   version factor,
is approximately equal to the inverse of   the sum of impedance 112 and
that of the emitter im-   pedance of transistor 102.       The input
current drawn from a signal source con-   nected to the asymmetrical input
terminal Al, will sub-   stantially flow into the emitter of transistor
101, thus to   the symmetrical output terminal SO1. This because The
magnitude of impedance 111 is relatively low compared   to that of
impedances 211 and 120, to avoid unneces-   sary signal loss. Hence, the
input impedance of the con-   verter circuft is approximately equal to that
of the current   follower as indicated above. The signal voltage at node
NC is approximately equal to the product of the input   current and the
input impedance of the current follower.   This signal voltage is the input
voltage of the transad-   mittance amplifier indicated above.
Good symmetry between the collector signal cur- rents of transistor 101 and
transistor 102 can be ob- tained. If the product of transimpadance gain and
the In- put impedance of the current follower, approximates uni- ty gain.
Such is the case, for example, if there is little difference the between
the bias currents of transistors 101 and 102 and if there is little
difference between the impedances 111 and 112. Some asymmetry may result
from the impedance between the base of transistor 101 and signal ground
being non-zero, the so-called 'imper- lect' common base configuration. This
asymmetry may be compensated by a decrement of the magnitude of impedance
111 with respect to that of impedance 112.      The linear operation of the
converter circuit can be  understood by recognizing that the sum of the
base-  smitter junction voltages of transistors 101 and 102, is  constant
and equal to control voltage Vc, An input cur-  rent from a signal source
at terminal Al flowing into the  emitter of transistor 101, modulates the
base-emitter  junction voltage of transistor 101. This current-to-volt-
age conversion exhibits a logarithmic characteristic and  is therefore
non-linear. Consequently, the base-emitter  junction voltage of transistor
102 is modulated inversety  and non-linearly, since the sum of the junction
voltages  is constant. However, the relation between collector cur-  rent
and base-eminer junction voltage of transistor 102,  is also logarithmic.
Thus, the non-linear, logarithmic cur-  rent-to-voltage conversion
(transistor 101), is compen-  sated by the non-linear, exponential
voltage-to-current 



conversion (transistor 102). such that the transfer of an  input current at
terminal Al to an inverse output current  at terminal S02 is substantially
linear.      Impedances 1ll and 112 have little influence on the  linearity
ofthe converter circuit, but do increase the max-  imum allowable input
voltage at terminal Al, by reducing  the input voltage to input current
conversion factor. If                                   10  Impedance 111
and 112 were omitted, the conversion of an asymmetrical input signal into a
pair of symmetrical output signal currents, would still be substantially
linear, provided the input voltage remains below the maximum allowable
value.     To obtain a stable operation, such that for example the output
signal currants at terminals SO1 and S02 are substantially symmetrical over
a wide temperature range, the converter circuit shown in Figure 2 is
equipped with a bias control loop. This bias control loop adjusts the base
bias voltage of transistor 101 which is control voltage Vc, to make the
bias current of transistor 102 subtantially equal to that of transistor
101, The bias current of transistor 101 is inter alia determined by the
magnitude of impedance 120.     The bias control loop comprises a first and
a second current sensing circuit, formed by transistor 201 in se- ries with
impedance 211 and transistor 202 in series with impedance 212 respectively.
The collector currents of transistor 201 and 202 are scaled replica's of
the colloc- tor currents of transistor 101 respectively 102. The scal- ing
factor depends on the ratio between the dimensions of transistors 201 and
202 with respect to transistors 101 and 102 and the ratio between the
impedances 211 and 212 with respect to impedances 111 and 112. The col-
lectors of transistors 201 and 202 are coupled to tran- sistors 221 and 222
respectively. The latter transistors form a current mirror acting as
difference detection cir- cuit. The collector current of transistor 201 is
first mir- rored, thus inverted, and summed with the collector cur- rent of
transistor 202, to generate a difference current flowing into the base of
transistor 240 and possible par- asitic capacitances (not shown), The
base-emitier junc- tion capacitance of transistor 240 integrates inter alla
the difference current into a control voltage Vc. The base-emitter junction
capacitance increases with the         size of the transistor 240, which is
relativey large to sul ficiently filter out high frequency components in
the dif- ference current. In that case a distinct filtering capacitor
between the bass connection of transistor 240 and sig- nal ground is
superfluous. Diodes 241, 242 and 243 and 



Impedance 244 are used to correctly bias transistor 240. Preferably these
diodes are shollky diodes, to promote a temperature independent operation
of the converter circuit.     In a steady-state situation, the bias
currents of tran- sistors 101 and 102 will be substantially equal. The bias
control loop Is an Integrating control loop that strives for zero error,
that is zero difference current. A difference between the collector
currents of transistors 101 and 102 results in a non-zero difference
current, that is inte- grated into a continuously changing control voltage
Vc. The change in control voltage Vc corrects at its turn the ratio of the
collector currents of transistors 101 and 102, such that the difference
current is reduced to zero. Then, the voltage Vc remains constant.     A
change in control voltage Vc mainly affects the bias current of transistor
102, in the case that the voltage drop over impedance 112 is at least one
order of mag- nitude less than the base-emitter voltage of transistor 102.
The base-emitter voltage of transistor 102 varies only slightly in function
of the transistor bias current. Since the bias current of transistor 101
substantially flows through impedance 120, this bias current has to be
approximately equal to the quotient of the base-emit- ter vokage of
transistor 102 and the resistance of im- pedance 120. Thus, impedance 120
mainly determines the magnitude of the bias currents of transistors 101 and
102, which bias currents are kept in balance by the bias control loop,
adjusting the control voltage Vc to this end.      In order to guarantee
starting up of the convener circuit over a wide temperature range, a
start-up circuit is added comprising transistors 231, 222 and 233 and
12  impedance 234 are added. Transistor 231 and 232 act       as current
sources, whose collectors deliver a pair of       symmetrical bias currents
generating for initial biasing.            An interesting feature of the
embodiment described       above, is that good symmetry between the output
signal       currents is maintained at frequencies only a few times
lower than the cut-off froquoncies of the transistors used       in the
circuit. The emitter-base capacitances of transis-       tors 101 and 102,
affect the high frequency input signal       transfer via these
transistors, to much the same extent.       Unbalance of the output signal
at high frequencies will       mainly result from the collector-base
capacitances of       transistors 101 and 102. As transistor 102 is
arranged       in common, emitter conficuration and transistor 101 in
common base configuration, the collector-base signal       voltage of
transistor 102 la larger than the collector-base       signal vollage of
transistor 101. This causes a some-       what larger current in the
collector-base capacitance of       transistor 102. This current flows from
the collector to       the internal base, causing a signal voltage across
the       internal base resistance of transistor 102.           Figure 3
shows a double-balanced mixer circuit       comprising a second embodiment
of a converter circuit 



according to the invention. The symmetrical current out-       puts SO1 and
SO2 of the converter circuit 100, are con-       nected to the common
emitter terminals 3 and 4 of the       mixer transistors. Between the
terminals 1 and 2 an os-       cillator signal may be applied, such that
the mixer tran-       sistors act as current switches. For example, when
the       voltage at terminal 1 is one base-emitter junction voltage
higher than the voltage at terminal 2, mixer transistors       T1 and T4
are conductive, whereas T2 and T3 are not       Then, the sigals currents
at SO1 and SO2 are directed       to flow into impedance 5 and 6
respectively. Conversely,       when the voltage at terminal 2 is higher
than the voltage                                 13   at terminal 1, mixer
transistors T2 and T3 are conduc-  tive, whereas T1 and T4 are not. Then
the signals cur-  rents al SOl and S02 are directed to flow into imped-
ance 6 and 5 respectively. Thus the current flowing into  impedances 5 and
6 are alternately derived from SO1  and S02.      A difference with the
embodiment shown in Figure  2. Is that the converter circuit 100 of Figure
3 has an  input stage, arranged between the between the asym-  metrical
input terminal Al and the node NC. This input  stage comprises an Input
transistor 103 arranged in  common base configuration and acting as current
tol-  lower. A further difference is that DC blocking capacitor  130 is
arranged between the node NC and the base of  transistor 102. The
embodiment of Figure 3 does not  require a bias control loop for stable
operation. Bias volt-  ages are supplied to terminals VB1, VB2 and VB3,
which are further supplied to the bases of transistors  101, 102, 13 via
Impedances 141,142 and 143 respec- tively. The bases of transistors 101 and
103 are coupled to ground by capacitors 151 and 153 respectively. Thus
transistors 101 and 103 are arranged in common base configuration,
Impedance 113 acts as passive current source and determines inter alia the
bias current of tran- sistors 101 and 103. Capacitor 131 is a DC-blocking
ca- pacitor to decouple the emitter bias voltage of transistor 109 from the
DC voltage applied at the asymmetrical input terminal Al.      The signal
source voltage 10 is converted into an signal current at terminal Al, which
substantially flows to the symmetrical output terminal S01 via transistors
101 and 103. The conversion factor is inter alia deter- mined by the source
Impedance 11 and the emitter im- pedance of transistor 103. Preferably, the
magnitude of                                 14  impedance 113 is some
orders of magnitude larger han 



that of the emitter impedance of transistor 103 such that most of the
current from signal source 10 flows into the emitter of transistor 103. The
signal current transferred via transistor 103 with nearly unity gain, is
converted into a signal voltage at the node NC. The current to-voltage
conversion factor is inter alia determined by the imped- ance 111 and the
emitter Impedance of transistor 101.     The signal voltage at the node NC
is supplied to the base of transistor 102 via DC-blocking capacitor 130,
which constitutes a high-pass network together with im- pedance 142.
Transistor 102 and Impedance 112 con- stitute an inverting transadmittance
amplifier, supplying a signal current to output S02 which is phase opposed
to the signal currpnt at terminal SO1.     The embodiment of Figure 3 has
some features worth while noting. First of all the noise performance of
this embodiment can be superior to that of the embodi- ment shown in Figure
2. This feature relates to the fact that the transfer from the asymmetrical
input terminal Al to node NC, may exhibit a voltage gain. This voltage gain
depends inter alia on the magnitude of impedance 111. As the voltage gain
increases, the noise figure of the convertor circuit shown in Figure 3,
door since the contribution of the noise voltage of transistors 101 and 102
diminishes. With sufficient voltage gain, the noise voltage of transistors
101 and 102 may become negligible, such that the noise voltage of only one
tran- sistor (103) dominates. This in contrast to the embodi- ment of
Figure 2, where the both transistors 101 and 102 equally contribute to the
noise voltage at the input terminal Al, since they are both effectively
arranged in series with this terminal      As the frequency increases, the
maximum obtaina-  ble voltage gain in the embodiment shown in Figure 3
diminishes and consequently the noise figure wi riorale. At a frequency
being an order of magnitude less than the cut-off frequency of the
transistor 103, the noise figure of the embodiment shown in Figure 2 may be
su- perior to the one shown in Figure 3. In the converter cir- cuit shown
in Figure 2. two transistors (101.102) have dominant noise contribution,
whereas in the embodi- ment of Figure 3 three transistors may have
contribute to the noise of the converter circuit. Thus, with relatively low
frequency input signals, an embodiment comprising an input stage as shown
in Figure 3, may be preferred and with relatively high frequency input
signals, an em- bodiment without an input stage as shown in Figure 2, may
be preferred.     A second interesting feature of the converter circuit as
shown in Figure 3, Is that a higher gain may be ob- tained compared to the
known convertor circuit, when both circuits have similar performance with
respect to noise, linearity and current consumption. Gain is defined as the
conversion factor of an asymmetrical input signal source voltage to a pair
of symmetrlcal output signal cur- 



rents. The gain of both the known convener circuit and that of one
according to the invention is inter alla deter- mined by the magnitude of
the sum of the source im- pedance 11 and the input impedanco at the
asymmetri- cal input terminal Al of the converter circuit.       As an
illustration of said feature, assume the bias  currents of transistors T5
and T6 in circuit of Figure 1  and transistors 101, 102 and 103 in the
circuit of Figure  3 to be 1 millAmpere. This limits symmetrical output
sig-  nal currents at SO1, SO2 of both circuits to a peak value  of l
milliAmpere. The input impedance at the asymmet-  rical input terminal Al
of the converter circuit in Figure  3, will be approximately 25 Ohms, the
emitter imped-  ance of a typical silicon bipolar transistor biased at 1
16   milliampere. The impedance at Al of the converter circuit  in Figure
1, will be approximately 2 times 25 Ohms, if  the transformsation ratio of
transormer 1 in Figure 1 is  1:1. This because the emitter impedance of
transistors  T5 and T6 are effectively arranged in series. Due to the
higher input impedance of the known transformer circuit  in this example,
its gain will be less, Changing the trans-  formation ratio will either
further reduce the gain or de-  terlorate the llnearlty and noise
performance of the cir-  cuit.      The double-balanced mixer circuit shown
in Figure  4 comprises a third embodiment of a converter circuit  according
to the invention. Different from the second  embodiment of Figure 3, the
converter circuit 100 of Fig-  ure 4 comprises a so-called cascoda
transistor 104,  which Is arranged between the collector of transistor 102
and the symmetrical output terminal SO2. This cascode  transistor acts as a
signal current follower, since it is ar-  ranged in common base
configuration, by coupling its  base to signal ground via capacitor 154.
Cascode tran-  sistor 104 receives at its base a bias voltage applied at
terminal VB4 via impedance 144.      A cascode transistor arranged in
series with the  second transistor, as shown in Figure 4, may help to im-
prove the symmetry between the output currents at ter-  minals SO1 and SO2.
In the embodiment of Figure 4,  the collector bias voltage of transistor
102 is independ-  ent from the collector bias voltage of transistor 101,
de-  termined by the voltages applied at terminals 1 and 2.  In contrast
with the embodiment of Figure 3, the collec-  tor bias voltage of
transistor 102 can be adjusted by the  bias vollage applied at terminal
VB4, which is an addi- tional parameter to reduce asymmetry between the
out- put signal currents, Asymmetry may be caused by the so-called
'Early-effect' of the transistors which is inter alla determined by the
voltage across the collector-base      



17 junction. The influence of the Early effect on the output signal
currents at SO1 and S02 can be balanced by ad- justing the bias voltage
applied at terminal VB4.      Figure 5 shows a double-balanced mixer
circuit comprising a fourth embodiment of a converter circuit according to
the invention. Compared to the third em- bodiment shown in Figure 4, the
passive current source for biasing transistors 101 and 103, that is
impedance 113 in Figure 4, is replaced in Figure 5 by an active cur- rent
source comprising transistor 105 and impedance 115. The bias current from
this active current source is determined by the value of impedance 115 and
the bias voltage applied at terminal VB5, which is further applied to the
base of transistor 105 via impedance 145. The base is decoupled to ground
via capacitor 155, inter alia to prevent possible parasitic high frequency
compo- nents on the bias voltage applied at terminal VB5, from
parasitically modulating the active current source.      The embodiment
shown in Figure 5 offers the ad-  vantage, that due to the high collector
impedance of  transistor 105, almost all the input signal current at ter-
minal Al is directed to flow into the emitter of transistor  103. The gain
of the converter circuit presented in Figure  5 may therefore be higher
than that of Figure 4. espe-  cially when the circuits are to operate at
low supply volt-  ages. To enable low voltage operation, the DC resist-
ance value of impedance 113 is to be kept small to limit  the voltage drop
across its terminals. The magnitude of  the impedance 113 (Figure 4) at
input signal frequen-  cies, could be enlarged using an inductor However,
only  small inductances can be integrated on a chip. Thus,  the magnitude
of the collector impedance of transistor  115 in Figure 5, will generally
be higher than that of im-  pedance 113 In Figure 4.
18                      Figure 6 shows a double-balanced mixer circuit
comprising a fifth embodiment of a converter circuit ac-
cording to the invention. In this embodiment. the input
transistor 103 and its associated elements (impedance                 143,
capacitor 153 and terminal VB3) shown in Figure                 5, are
emitted. Thus, the asymmetrical input terminal Al                 is
coupled to the node NC via passive elements only. A                 similar
case is shown in Figure 2, of which the embodi-                 ment
equally does not comprise an input transistor be-                 tween the
terminal Al and the node NC.                      Omitting the input
transistor 103 shown in Figure 5,                 may be an option if the
circuit is to operate at relatively                 low supply voltages.
However, this may have a detri-                 mental effect on the noise
performance at relatively low                 frequencies, since there is
no longer a voltage gain be-                 tween the terminal Al ane the
node NC. To obtain the                 same gain at the same current
consumption with re-                 spect to the embodiment shown in
Figure 5, impedanc-                 es 111 and 112 at the embodiment shown
in Figure 6 



are to be omitted too (not shown).                      A double-balanced
mixer circuit according to the in-                  vention, very well
suited to operate at relativety low sup-                  ply voltages, is
shown in Figure 7. Compared to Figure                  3, transistor 101
and its associated elements (imped-                  ance 141, capacitor
151 and terminal VB1) have been                  omitted. The gist of the
circuit shown in Figure 7, is that                  mixer transistors T1
and T2 can take over the function                  of transistor 101. In
practice terminal 1 and 2 are cou-                  pled to an oscillator
signal source, whose source imped-                  ance is relatively low,
such that mixer transistor T1 and                  T2 are effectively
arranged in common base configura-                  tion. The impedance at
the common emitter terminal 3                  is practically equal to the
emitter impedance of transistor 01 in Figure 3, assuming that transistor
103 of Figure                  3 and transistor 103 of Figure 7, are biased
at the same                                          19         current
Thus, the signal current from the signal source 10 will substantially flow
to common emitter terminal 3        via transistor 103, and produce a
signal voltage at the        node NC. This signal voltage can be used to
drive Iran-        sistor 102, such that its collector current and the
current        flowing to common emitter terminal 3 are substantially
symmetrical.            Although the double-balanced mixer circuit pre-
sented in Figure 7, can operate at lower supply voltages        than the
circuits of Figures 3 to 6, it may exhibit a higher        level of
spurious signals at the asymmetrical input ter-        minal Al and in the
mixer output voltages across imped-        ances 5 and 6 respectively. Such
spurious signals orig-        inata from an oscillator signal applied at
terminals 1 and        2, producing a residual signal at the common emitter
ter-        minals 3 and 4, substantially composed of the second
harmonic of the oscillator signal. In the circuits shown        in Figures
3 to 6, transistor 101 is arranged between the        common emitter
terminal 3 and the node NC. Transistor        101 prevents, to a large
extent, a cross-talk of the resid-        ual signal at the common emitter
terminal 3 to the node        NC. In the circuit shown In Figure 7,
however, there will        be litte cross-talk anenuation of the residual
signal to        the node NC. Such an unwanted residual signal at node
NC, may further cross-talk to the asymmetrical Input ter-        minal Al.
Moreover. it also modulates the collector cur-        rent of transistor
102 and consequently produces a par-        asitic component in the mixer
output voltage.             While 6 embodiments are shown and described to
clarity the invention, a person skilled in the art may con-         ceive
many other alternative embodiments of a convert-         er circuit or a
double-balanced mixer circuit. without de-         parting from the spirit
and the scope of the invention        



20 claimed. The circuitry to bias the first and the second transistor, may
differ from that in the embodiments as described. Passive currents sources,
for example im- pedance 113, or active current sources, for example
transistor 105 and impedance 115 may be used alter- natively. Cascode
transistors may be arranged between the collector of the first transistor
and the first symmel- rieal output terminal, as well as addiional cascode
tran- sistors between the collector of the second transistor and the second
symmetrical output terminal. Alternative Input stages can be arranged
between the asymmetrical input terminal Al and the node NC.     Wherever in
the text a circuit element is designated as 'impedance', it is to be
understood that this element may be resistive and/or inductive. For
example, imped- ances 111 and 112 as shown in Figure 2 to 7 may com- prise
integrated inductors, to improve the high frequen- cy noise behaviour of
the circuit. Impedance 113 in Fig- ures 3, 4 and 7 could be an inductor,
being an external component arranged between the input pin of an inte-
grated converter circuit and signal ground. In this case capacitor 131
would also be an external component. Thus, it will be evident that,
although the converter cir- cuit is very well suited for integration on a
chip, not all of its elements need to be integrated.      Furthermore,
having knowledge of the invention, it will be obvious for a person skilled
in the art, that the effectiveness of the invention does not rely on the
use of bipolar NPN transistors as shown in the embodi- ments.
Alternatively, field-effect transistors may be used, in which case emiter,
collector and base in the present Application should read source, drain and
gate respectively. Furthermore, it will be evident that the po- larity of
the transistor is of no interest instead of bipolar NPN or N-channel field
effect transistor, PNP or P-chan- nel field-effect transistors may be used.
21      In a double-balanced mixer circuit, the symmetrical output
terminals of the convener circuit (SO1, S02), need not to be directly
coupled to the common emitter terminals (3, 4) of the differential mixer
transistor pairs. For example, DC-blocking capacitors may be arranged
between the symmeirical output terminals and the com- mon emitter
terminals, in order to bias the differential mixer transistor pairs
independently from the convener circuit.     The application of a converter
circuit according to the invention, is not limited to double-balanced mixer
cir- cuits. It can also be applied advantageously in other types of
circuitry, where a conversion of a asymmelrical signal into a pair of
symmetrical signals is required- For example in automatic gain control
(AGC) amplifiers comprising two differential pairs as balanced voltage
controlled current attenuators.   



CLAIMS   1. Converter circuit for converting an asymmetrical in-     put
signal into a pair of substantially symmetrical     output signal-currents,
comprising a first and a sec-     and transistor(101, 102), the emitter of
the first tran-     sistor (101) being coupled to an asymmetrical input
terminal (Al), the collector of the first transistor (101)     and the
collector of the second transistor (102) be-     ing coupled to a first and
to a second symmetrical     output terminal (SO1, S02) respectively,
charactor-     ized in that the asymmetrical Input terminal (Al) is
coupled to a node (NC) commonly coupled to the     emitter of the first
transistor (101) and to the base     of the second transistor (102), the
first and the sec-     ond transistor (101, 102) being arranged in corn-
mon-base configuration and in common-emitter     configuration
respectively.  2. Converter circuit according to Claim 1, character-
lzed in that a first impedance (111 ) is arranged be-     tween the emitter
of the first transistor (101 ) and the     node (NC) and that a second
impedance (112) is     arranged between the emitter of the second tran-
sistor (102) and signal ground.  3. Converter circuit according to Claim 2,
character-      ized in that an input stage (103) is arranged be-
tween the asyrnmetrcal input terminal (Al) and the      node (NC) 4.
Converter circuit according to Claim 1, 2 or 3. char-     acterized in that
a cascode transistor (104) in com-     mon base configuration is arranged
between the     collector of the second transistor (102) and the sec-
ond symmetrical output terminal (SO2).                                 23
5. Converter circuit according to Claim 1, 2, 3 or 4,        characterized
in that a DC-blocking capacitor (130)        is arranged between the node
(NC) and the base of        the second transistor (102).     6 .  Canvonor
circuit according to Claim 1, 2, 3 or 4,        characterized in that it
comprises a bias control loop (201-244) comprising a first current sensing
circuit        (201, 211) coupled to the first transistor (101), a sec-
ond current-sensing circuit (202, 212) coupled to        the second
transistor (102), a difference detection        circuit (221, 222) with a
first and a second input cou- 



pled to the output of the first and the second current        sensing
circuit respectively, the output to the differ-        ence detection
circuit being coupled to the base of        the first transistor (101) via
at least one loop capac-          tor (240)    7.  Converter circuit
according to Claim 6. character-         ized in that a loop transistor
(240) is inserted be-         tween the output of the difference detection
circuit         (221, 222) and the base of the first transistor (101).
the base-emiller junction of the loop transistor (240)         constiuting
said loop capacitor,     8. A double-balanced mixer circuit (1 00, T1 -T4)
com-         prising a first differential pair of first and second mix-
er transistors (T1, T2), whose emitters are coupled         to a common
first emitter terminal (3). a second dif-         terential pair of third
and fourth mixer transistors         (T3, T4), whose emitters are coupled
to a common         second emitter terminal (4), the bases of the first
and the fourth transistor (T1, T4) and the bases of         the second and
the third transistor (T2, T3) being         coupled to a common firal and a
common second         base terminal (1, 2) respectivety, between which
24      base terminals a mixing signal may be applied,     characterised in
that the first common emitter ter-     minal (3) and that the second common
emitter ter-     minal (4) are coupled to a first symmetrical output
terminal (SO1) and a second symmetrical output ter-     minal (SO2)
respectively, of a converter circuit (100)     according to one of the
precedings Claims.  9 A double-balanced mixer circuit comprising a first
differential pair of first and second mixer transistors     (T1. T2), whose
emittors are coupled to a firal com-     mon emitter terminal (3), a second
differential pair     of third and fourth mixer transistors (T3, T4), whose
emitters are coupled to a second common emitter     terminal (4), the bases
of the first and the fourth     transistor (T1, T4) and the bases of the
second and     the third transistor (T2, T3) being coupled to a first
common and a second common base terminal (1,     2) respectively, between
which base terminals a     mixing signal may be applied, characterised in
that     an asymmetrical input terminal (Al) is coupled to a     node (NC)
belonging to a path via which the first     common emitter terminal (3) is
coupled to the base     of a transistor (1 02) having a collector which is
cou-     pled to the second common emitter terminal (4),     said
transistor (102) being arranged in a common-     emitter configuration.    


