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Transformer circuit, double-balanced mixer. 
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PATE OF RECEIPT .................................. . 

The invention relates to a transformer circuit for converting an 

asymmetrical input signal into a pair of substantially symmetrical output signal currents, 

5 comprising a first and a second transistor, the emitter of the first transistor being 

coupled to an asymmetrical input terminal, 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. 

10 

The invention also relates to a doublC-balanced mixer circuit. 

Such a transformer circuit is known from the European Patent Application 

number 84200915.S, where it is used as an input stage 100 in a double-balanced mixer 

circuit, as shown in figure 1. Its symmetrical output terminals SOl and S02, are 

15 coupled to the common emitter terminals 3 and 4 of the differential mixer transistor 

pairs Tl, T2 and T3, T4 respectively. 

In the known transformer circuit both the emitter of a first transistor TS 

and a second transistor T6 are coupled to the asymmetrical input terminal AI, via an 

inductive transformer 12. The inductive transformer converts the asymmetrical signal 

20 from signal source 10 into a pair of symmetrical signals at the emitters of transistor TS 

and T6. Thus the signals applied at the emitters of transistors T5 and T6 are in phase 

opposition. Since the b~ of transistors T5 and T6 are connected to signal ground, 

these transistors constitute a symmetrical current follower. The pair of symmetrical 

signal currents at the emitters of these transistors, is transferred with nearly unity gain 

25 to a pair symmetrical output signal currents at terminals SOl and S02. 

Although the known transformer circuit is suitable to be used in a high 

performance receiver front-end, it inherently requires an inductive transformer to 

. ., .. 
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transform an asymmetrical input signal into a pair of symmetrical signals. Such an 

inductive transformer is relatively expensive 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 

5 transformer is unsuited to be integrated on a chip. Furthermore, at least two connection 

pins are required to couple the inductive transformer to the integrated components of the 

transformer circuit. The number of connection pins may increase and herewith the size 

and the price of the housing of the chip. 

As such, transformer circuits are known that do not require an inductive 

10 transformer, for example a long-tail pair input stage in a double-balanced mixer circuit 

as known from the (Jerman Offenlegungsschrift 28,39,061. However, the performance 

of the long-tail pair input stage is inferior, to that of a transformer circuit comprising an 

inductive transformer as previously discussed. First of all, the long-tail pair input stage 

eJfbibits a worse noise and intermodulation behaviour, as explained in the 

15 aforementioned European Patent Application. Secondly, the long-tail pair input stage 

bas a relatively high input impedance, compmed to the inductive transformer circuit. 

This makes the long-tail pair input stage more susceptible to interferences due to 

parasitic capacitive couplings of unwanted signal sources with the asymmetrical input 

terminal. Thirdly, the symmetry between the pair of output signal currents, applied at 

20 the common emitter terminals of the two pairs of mixer transistors, will in general be 

less than that of the known transformer circuit. 

It is inter alia an object of the invention to provide a transformer circuit 

25 for converting an asymmetrical input signal into a pair of subst:antially symmetrical 

output signal currents, that has a performance comparable to that of the known 

transformer circuit, 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 ext.emal components. 

30 To this end the transformer circuit as specified in the opening paragraph is 

characterized in that the asymmetrical input terminal is coupled to a node commonly 

coupled to the emitter of the first transistor and to the base of the second transistor, the 
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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 

5 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 opposition with the collector current of the first transistor. The 

first transistor is arranged in common base configuration and constitutes a non-inverting 

10 current follower, whereas the second transistor is arranged in common emitter 

configuration and constitutes an inverting transadmittance 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 

15 current-to-voltage conversion (transimpedance), due to the non-zero input impedance of 

the current follower. This signal voltage is applied at the base of the second transistor, 

and modulates its collector current, which will be in phase opposition with that 9f the 

first transistor. The voltage-to-current conversion (transadmittance) by the second 

transistor, can be made substantially inverse to that of the previously mentioned current-

20 to-voltage conversion, such that the collector currents of the first and the second 

transistor are substantially symmetrical. 

A preferred embodiment of the transformer citcuit according 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 

25 emitter of the second transistor and signal ground. The addition of impedances in series 

with the emitters of the first and second transistors, improves the large signal handling 

and/or the noise behaviour of the circuit. 

A further preferred embodiment of the transfonner circuit according to 

the invention, is characterized in that an input stage is arranged between the 

30 asymmetrical input terminal and the node. The noise figure of this embodiment is 

comparable to that of the known transformer circuit and is mainly determined by the 

input stage. The input stage provides power gain, such that the noise contribution of the 
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first and the second transistors with their respective emitter series impedances, is 

relatively small compared to that of the input stage. 

A further preferred embodiment of the transformer circuit according to 

the invention, is characterized in that a cascode transistor iJ.t common base configuration 

5 is arranged between the collector of the second transistor and the second symmetrical 

output terminal. The cascade transistor may help to improve the symmetry of the pair 

of output signal currents, by equalizing the collector-base volt.age 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 extent. 

10 In order to improve the stability in biasing the transformer circuit 

according to the invention, an embodiment is preferably characterized in that a DC­

blocking capacitor 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. 

15 Said improvement is alternatively achieved by another preferred 

embodiment of the transformer circuit according to the invention, being characterized in 

that it comprises a bias control loop comprising a first current sensing circuit coupled 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 

20 first and the second current sensing circuit respectively, the output of the difference 

detection circuit being coupled to the base of the first transistor via at least one loop 

capacitor. 

When the transformer 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 

25 capacitor. This transformer circuit may advantageously be used when parasitic 

capacitances, introduced by said DC-blocking capacitor, give rise to an unacceptable 

asymmetry in the pair of.output signal currents and/or when said DC-blocking capacitor 

requires too much chip-area. 

A further preferred embodiment based on the aforementioned embodiment 

30 of the ttansformer circuit according to the invention, is characterized in that a loop 

transistor 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 
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loop capacitor. 

An embodiment of a double-balanced mixer circuit according to the 

invention comprising a first differential pair of first and second mixer transistors, whose 

emitters are coupled to a first common emitter terminal, a second differential pair of 

5 third and fourth mixer transistors, whose emitters are coupled to a second common 

emitter terminal, the bases of the first and the fourth transistor and the bases of the 

second and the third transistor being coupled to a first common and a second common 

base terminal respectively, between which base terminals a mixing signal may be 

applied, is characterised in that the asymmetrical input terminal is coupled to a node 

10 being commonly coupled to the first common emitter terminal and the base of a 

transistor, being arranged in a common emitter configuration, its collector being 

coupled to the second common emitter terminal. 

This embodiment of a double-balanced mixer circuit is particularly suited 

to operate at very low supply voltages (e.g. in 1 or 2 1,5 volt battery operated 

15 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 ftrst and the 

second mixer transistor fulfil the role of the first transistor in a transformer circuit 

according to the invention. The base of the first and the second mixer transistor are in 

general coupled to a low impedance signal source, such that these transistors are 

20 arranged in a common base configuration 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 determined by the voltage difference between their respective 

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 

25 single transistor in common base configuration. Consequently the transimpedance of 

both aforementioned cases has the same magnitude, and the signal voltage at the node 

may therefore be used to.drive the base of the second transistor. 

30 The following figures clarify the invention. 

Figure 1 is a double-balanced mixer circuit with a conventional 

transformer circuit as an input stage. 1 · 

1 1U~Jilli1~r 
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Figure 2 is a first embodiment of a transformer circuit according to the 

invention. 

Figure 3 is a double-balanced mixer circuit with a second embodiment of 

a transformer circuit according to the invention. 

5 Figure 4 is a double-balanced mixer circuit with a third embodiment of a 

transformer circuit according to the invention. 

Figure 5 is a double-balanced mixer circuit with a fourth embodiment of a 

transformer circuit according to the invention. 

Figure 6 is a double-balanced mixer circuit with a fifth embodiment of a 

10 transformer circuit aceording to the invention. 

15 

Figure 7 is an embodiment of a double-balanced mixer circuit according 

to 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 transformer circuit according to 

the invention, which is particularly suited for integration on a chip. The asymmetrical 

input terminal Al is directly coupled to the node NC. The node NC is commonly 

20 coupled to the emitter of a first transistor 101 via a first impedance 111 and to the base 

of a second transistor 102. Transistor 101 is effectively arranged in common base 

configuration, since the base of transistor 101 is coupled to signal ground via a 

relatively low impedance network constituted by diodes 241, 242 and 243 and 

impedance 244 connected in series. Transistor 102, whose emitter is coupled to signal 

25 ground via impedance 112, is arranged in common emitter configuration. The collectors 

of transistors 101 and 102 constitute the first and the second symmetrical output 

terminals (SOl, S02) respectively, of the transformer circuit. The components whose 

reference numeral comprise a most significant decimal '2' and impedance 120, serve to 

correctly bias transistors 101 and 102, as will be discussed later. 

30 Transistor 101 and impedance 111 can be regarded as a non-inverting 

current follower, its input terminal being node NC, its output terminal being terminal 
SOl. The input impedance of this current follower is approximately equal to the sum of 
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impedance 111 and the emitter impedance of transistor 101. Transistor 102 and 

impedance 112 can be regarded as an inverting transadmittance amplifier, its input 

terminal being node NC too, and its output terminal being terminal S02. The input 

impedance of this transadmittance amplifier is at least an order of magnitude higher than 

5 that of the current follower. Its transadmittance gain, that is the voltage-to-current 

conversion factor, is approximately equal to the inverse of the sum of impedance 112 

and that of the emitter impedance of transistor 102. 

The input current drawn from a signal source connected to the 

asymmetrical input terminal Al, will substantially flow into the emitter of transistor 

10 101, thus to the symmetrical output terminal SOL This because the magnitude of 

impedance 111 is relatively low compared to that of impedances 211 and 120, to avoid 

unnecessary signal loss. Hence, the input impedance of the transformer circuit 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 

15 input impedance of the current follower. This signal voltage is the input voltage of the 

transadmittance amplifier indicated above. 

Good symmetry between the collector signal currents of transistor 101 and 

transistor 102 can be obtained if the product of transimpedance gain and the input 

impedance of the current follower, approximates unity gain. Such is the case, for 

20 example, if there is little diff~nce 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 'imperfect' common base configuration. This 

asymmetry may be compensated by a decrement of the magnitude of impedance 111 

25 with respect to that of impedance 112. 

The linear operation of the transformer circuit can be understood by 

recognizing that the sum of the base-emitter junction voltages of transistors 101 and 

102, is constant and equal to control voltage Ve. An input current from a signal source 

at terminal AI flowing into the emitter of transistor 101, modulates the base-emitter 

30 junction voltage of transistor 101. This current-to-voltage conversion exhibits a 

logarithmic characteristic and is therefore non-linear. Consequently, the base-emitter 

junction voltage of transistor 102 is modulated inversely and non-linearly, since the sum 
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of the junction voltages is· constant. However, the relation between collector current and 

base-emitter junction voltage of transistor 102, is also logarithmic. Thus, the non-linear, 

logarithmic current-to-voltage conversion (transistor 101), is compensated by the non­

linear, exponential voltage-to-current conversion (transistor .102), such that the transfer 

5 of an input current at terminal AI to an inverse output current at terminal S02 is 

substantially linear. 

Impedances 111 and 112 have little influence on the linearity of the 

transformer circuit, but do increase the maximum allowable input voltage at terminal 

AI, by reducing the input voltage to input current conversion factor. If impedance 111 

10 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 

currents at terminals SOI and S02 are substantially symmetrical over a wide 

15 temperature range, the transformer 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 Ve, to make the bias current of transistor 102 substantially 

equal to that of transistor 101. The bias current of transistor 101 is inter alia determined 

by the magnitude of impedance 120. 

20 The bias control loop comprises a first and a second current sensing 

circuit, fonned by transistor 201 in series 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 collector currents of transistor 101 respectively 102. The 

scaling factor depends on the ratio between the dimensions of transistors 201 and 202 

25 with respect to transistors 101 and 102 and the ratio between the impedances 211 · and 

212 with respect to impedances 111 and 112. The collectors of transistors 201 and 202 

are coupled to transistors .221 and 222 respectively. The latter transistors form a current 

mirror acting as difference detection circuit. The collector current of transistor 201 is 

first mirrored, thus inverted, and summed with the collector current of transistor 202, to 

30 generate a diff~ce current flowing into the base of transistor 240 and possible 

parasitic capacitances (not shown). The base-emitter junction capacitance of transistor 

240 integrates inter alia the difference current into a control voltage V c. The base-
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emitter junction capacitance increases with the size of the transistor 240, which is 

relatively large to sufficiently filter out high frequency components in the difference 

current. In that case a distinct filtering capacitor between the base connection of 

transistor 240 and signal ground is superfluous. Diodes 24~, 242 and 243 and 

5 impedance 244 are used to correctly bias transistor 240. Preferably these diodes are 

shottky diodes, to promote a temperature independent operation of the transformer 

circuit. 

In a steady-state situation, the bias currents of transistors 101 and 102 will 

be substantially equal. The bias control loop is an integrating control loop that strives 

10 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 

integrated into a continuously changing control voltage V c. The change in control 

voltage Ve corrects at its tum the ratio of the collector currents of transistors 101 and 

102, such that the difference current is reduced to 7.Cl'O. Then, the voltage Ve remains 

15 constant. 

A change in control voltage Ve mainly affects the bias current of 

transistor 102t in the case that the voltage drop over impedance 112 is at least one order 

of magnitude 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. 

20 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-emitter voltage of 

transistor 102 and the resistance of impedance 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 V c to 

25 this end. 

30 

In order to guarantee starting up of the transformer circuit over a wide 

temperature range, a start-up circuit is added comprising transistors 231, 232 and 233 

and 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 frequencies of the transistors used in the circuit. The 
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emitter-base capacitances of transistors 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 cqmmon emitter configuration 

5 and transistor 101 in common base configuration, th~ collector-base signal voltage of 

transistor 102 is larger than the collector-base signal voltage of transistor 101. This 

causes a somewhat 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. 

10 Figure 3 shows a double-balanced mixer circuit comprising a second 

embodiment of a transformer circuit according to the invention. The symmetrical 

current outputs SOI and S02 of the transfonner circuit 100, are connected to the 

common emitter terminals 3 and 4 of the mixer transistors. Between the terminals 1 and 

2 an oscillator signal may be applied, such that the mixer transistors act as current 

15 switches. For example, when the voltage at terminal 1 is one base-emitter junction 

voltage higher than the voltage at terminal 2, mixer transistors Tl and T4 are 

conductive, whereas T2 and T3 are not. Then, the signals currents at SOI and S02 are 

directed to flow into impedance 5 and 6 respectively. Conversely, when the voltage at 

terminal 2 is higher than the voltage at terminal 1, mixer transistors T2 and T3 are 

20 conductive, whereas Tl and T4 are not. Then, the signals currents at SOl and S02 are 

directed to flow into impedance 6 and S respectively. Thus the current flowing into 

impedances 5 and 6 are alternately derived from SOl and S02. 

A difference with the embodiment shown in Figure 2, is that the 

transformer circuit 100 of Figure 3 has an input stage, arranged between the between 

25 the asymmetrical input terminal AI and the node NC. This input stage comprises an 

input transistor 103 arranged in common base configuration and acting as current 

follower. 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 voltages are supplied to terminals 

I 30 VBl, VB2 and VB3, which are further supplied to the bases of transistors 101, 102, 

1

1 103 via impedances 141, 142 and 143 mspectively. The bases of tmusislors 101 and 

103 are coupled to ground by ca~tors 151 and 153 respectively. Thus transistors 101 

I 
I 

! 
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and 103 are arranged in Cdttimon base configuration. Impedance 113 acts as passive 

current source and determines inter alia the bias current of transistors 101 and 103. 

Capacitor 131 is a DC-blocking capacitor to decouple the emitter bias voltage of 

transistor 103 from the DC voltage applied at the asymmetncal input terminal AI. 

5 The signal source voltage 10 is converted into an signal current at 

terminal AI, which substantially flows to the symmetrical output terminal SOl via 

transistors 101 and 103. The conversion factor is inter alia determined by the source 

impedance 11 and the emitter impedance of transistor 103. Preferably, the magnitude of 

impedance 113 is some orders of magnitude larger than that of the emitter impedance of 

10 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 impedance 111 and the emitter 

impedance of transistor 101. 

15 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 

impedance 142. Transistor 102 and impedance 112 constitute an inverting 

transadmi~ce amplifier, supplying a signal current to output S02 which is p~ase 

opposed to the signal current at terminal SO 1. 

20 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 

embodiment 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 

25 increases, the noise figure of the transformer circuit shown in Figure 3, decreases, 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 transistor (103) dominates. This in 

contrast to the et$odiment of Figure 2, where the both mmsistors 101 and 102 equally 

30 contribute to the noise voltage at the mput terminal AI, since they are both effectively 

arranged in series with this terminal. 

As the frequency increases, the maximum obtainable voltage gain in the 
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embodiment shown in Figure 3 diminishes and consequently the noise figure will 

deteriorate. 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 

superior to the one shown in Figure 3. In the transformer c:,ircuit shown in Figure 2, 

5 two transistors (101,102) have dominant noise contribution, whereas in the embodiment 

of Figure 3 three transistors may have contribute to the noise of the transformer 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 embodiment without an input stage as shown in Figure 2, may be preferred. 

10 A second interesting feature of the transformer circuit as shown in Figure 

3, is that a higher gain may be obtained compared to the known transformer 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 symmetrical output signal currents. The gain of both the 

15 known transformer circuit and that of one according to the invention is inter alia 

determined by the magnitude of the sum of the source impedance 11 and the input 

impedance at the asymmetrical input terminal AI of the transformer circuit. 

As an illustration of said feature, assume the bias currents of transistors 

TS and T6 in circuit of Figure 1 and transistors 101, 102 and 103 in the circuit of 

20 Figure 3 to be 1 milliAmpere. This limits symmetrical output signal currents at SO 1, 

S02 of both circuits to a peak value of 1 milliAmpere. The input impedance at the 

asymmetrical input terminal Al of the transformer circuit in Figure 3, will be 

approximately 25 Ohms, the emitter impedance of a typical silicon bipolar transistor 

biased at 1 milliampere. The impedance at AI of the transformer circuit in Figure 1, 

25 will be approximately 2 times 25 Ohms, if the transformation ratio of transformer 1 in 

Figure 1 is 1: 1. This because the emitter impedance of transistors TS and T6 are 

effectively arranged in serj.es. Due to the higher input impedance of the known 

transformer circuit in this example, its gain will be less. Changing the transformation 

ratio will either further reduce the gain or deteriorate the linearity and noise 

30 performance of the circuit. 

The double-balanced mixer circuit shown in Figure 4 comprises a third 

embodiment. of a transformer circuit according to the invention. Different from the 
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second embodiment of Figure 3, the transformer circuit 100 of Figure 4 comprises a so­

called cascode transistor 104, which is arranged between the collector of transistor 102 

and the symmetrical output terminal S02. This cascode transistor acts as a signal 

current follower, since it is arranged in common base configuration, by coupling its 

5 base to signal ground via capacitor 154. Cascade transistor 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 improve the symmetry between the output currents at 

terminals SO 1 and S02. In the embodiment of Figure 4, the collector bias voltage of 

10 transistor 102 is independent from the collector bias voltage of transistor 101, 

determined by the voltages applied at terminals 1 and 2. In contrast with the 

embodiment of Figure 3, the coliector bias voltage of transistor 102 can be adjusted by 

the bias voltage applied at terminal VB4, which is an additional parameter to reduce 

asymmetry between the output signal currents. Asymmetry may be caused by the so-

15 called 'F.arlyooeffect' of the transistors, which is inter alia determined by the voltage 

across the collector-base junction. The influence of the Early effect on the output signal 

currents at SOI and S02 can be balanced by adjusting the bias voltage applied at 

terminal VB4. 

Figure S shows a double-balanced mixer circuit comprising a fourth 

· 20 embodiment of a transformer circuit according to the invention. Compared to the third 

embodiment 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 S by an active current 

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 

25 at terminal VBS, 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 components on the bias voltage applied at terminal VBS, from 

parasitically modulating the active current source. 

The embodiment shown in Figure S offers the advantage, that due to the 

30 high collector impedance of transistor 1 OS, almost all the input signal current at 

terminal Al is directed to flow into the emitter of transistor 103. The gain of the 

transformer circuit presented in Figure 5 may therefore be higher than that of Figure 4, 
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especially when the circuit! are to operate at low supply voltages. To enable low 

voltage operation, the DC resistance 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 frequencies, could be enlarged using an inductQr. However, only small 

5 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 impedance 113 in 

Figure 4. 

Figure 6 shows a double-balanced mixer circuit comprising a fifth 

embodiment of a transformer circuit according to the invention. In this embodiment, the 

lO input transistor 103 and its associated elements {impedance 143, capacitor 153 and 

terminal VB3} shown in Figure S, are omitted. Thus, the asymmetrical input terminal 

AI is coupled to the node NC via passive elements only. A similar case is shown in 

Figure 2, of which the embodiment equally does not comprise an input transistor 

between the terminal AI and the node NC. 

15 Omitting the input transistor 103 shown in Figure S, may be an option if 

the circuit is to operate at relatively low supply voltages. However, this may have a 

detrimental effect on the noise performance at relatively low frequencies, since there is 

no longer a voltage gain between the terminal AI and the node NC. To obtain the same 

gain at the same current consumption with respect to the embodiment shown in Figure 

1 20 5, impedances 111 and 112 of the embodiment shown in Figure 6 are to be omitted too 

(not shown}. 

A double-balanced mixer circuit according to the invention, very well 

suited to operate at relatively low supply voltages, is shown in Figure 7. Compared to 

Figure 3, transistor 101 and its associated elements (impedance 141, capacitor 151 and 

25 terminal VBl} have been omitted. The gist of the circuit shown in Figure 7, is that 

mixer transistors Tl and T2 can take over the function of transistor 101. In practice 

terminal 1 and 2 are coupled to an oscillator signal source, whose source impedance is 

relatively low, such that mixer transistor Tl and T2 are effectively arranged in common 

base configuration. The impedance at the common emitter terminal 3 is practically equal 

30 to the emitter impedance of transistor 101 in Figure 3, assuming that transistor 103 of 

Figure 3 and transistor 103 of Figure 7, are biased at the same current. Thus, the signal 

current from the signal source 10 will substantially flow to common emitter terminal 3 
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via transistor 103, and produce a signal voltage at the node NC. This signal voltage can 

be used to drive transistor 102, such that its collector current and the current flowing to 

common emitter terminal 3 ~ substantially symmetrical. 

Although the double-balanced mixer circuit pJCSented in Figure 7, can 
i ,. 5 operate at lower supply voltages than the circuits of Figures 3 to 6, it may exhibit a 

J higher level of spurious signals at the asymmetrical input terminal AI and in the mixer 

output voltages across impedances 5 and 6 respectively. Such spurious signals originate 

from an oscillator signal applied at terminals 1 and 2, producing a residual signal at the 

common emitter terminals 3 and 4, substantially composed of the second harmonic of 

ti 10 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 residual signal at the common emitter terminal 3 to the 

node NC. In the circuit shown in Figure 7, however, there will be little cross-talk 

attenuation of the residual signal to the node NC. Such an unwanted residual signal at 

15 node NC, may further cross-talk to the asymmetrical input terminal AI. Moreover, it 

also modulates the collector current of transistor 102 and consequently produces a 

parasitic component in the mixer output voltage. 

While 6 embodiments are shown and described to clarify the invention, a 

person skilled in the art may conceive many other alternative embodiments of a 

20 transformer circuit or a double-balanced mixer circuit, without departing from the spirit 

and the scope of the invention 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 impedance· 113, or active current sources, for example transistor 

105 and impedance 115, may be used alternatively. Cascode transistors may be 

25 arranged between the collector of the first transistor and the first symmetrical output 

terminal, as well as additional cascode transistors between the collector of the second 

transistor and the second symmetrical output terminal. Alternative input stages can be 

arranged between the asymmetrical input terminal AI and the node NC. 

Wherever in the text a circuit element is designated as •impedance', it is 

30 to be understood that this element may be resistive and/or inductive. For example, 

impedances 111 and 112 as shown in Figure 2 to 7 may comprise integrated inductors, 

to improve the high frequency noise behaviour of the circuit. Impedance 113 in Figures 
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3, 4 and 7 could be an indtietor, being an external component arranged between the 

input pin of an integrated transformer circuit and signal ground. In this case capacitor 

131 would also be an external component. Thus, it will be evident that, although the 

transformer circuit is very well suited for integration on a chip, not all of its elements 

5 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 embodiments. Alternatively, field.effect 

transistors may be used, in which case emitter, collector and base in the present 
J,, 

t 10 Application should read: source,. drain and gate respectively. Furthermore, it will be 
l ,. 

evident that the polarity of the transistor is of no interest: instead of bipolar NPN or N­

channel field effect transistor, PNP or P-channel field-effect transistors may be used. 

- In a double-balanced mixer circuit, the symmetrical output terminals of 

the transformer circuit (SOl, 802), need not to be directly coupled to the common 

15 emitter terminals (3, 4) of the differential mixer transistor pairs. For example, DC­

blocking capacitors may be arranged between the symmetrical output terminals and the 

common emitter terminals, in order to bias the differential mixer transistor pairs 

independently from the transformer circuit. 

The application of a transformer circuit according to the invention, is not 

20 limited to double-balanced mixer circuits. It can also be applied advantageously in other 

types of circuitry, where a conversion of an asymmetrical 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. 
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1. Transformer circuit for converting an asymmetrical input signal into a pair 

of substantially symmetrical output signal currents, comprising a first and a second 

transistor, the emitter of the first transistor being coupled to an asymmetrical input 

terminal, the collector of the first transistor and the collector of the second transistor 

5 being coupled to a first and to a second symmetrical output terminal respectively, 

characterized in that the asymmetrical input terminal is coupled to a node commonly 

coupled to the emitter 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. 

10 2. Transformer circuit according to Claim 1, 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. 

3. Transformer circuit according to Claim 2, characterized in that an input 

15 stage is arranged between the 1:5ymmetrical input terminal and the node. 

4. Transformer circuit according to Claim 1, 2 or 3, 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. 

5. Transformer circuit according to Claim 1, 2, 3 or 4, characterized in that 

20 a DC-blocking capacitor is arranged between the node and the base of the second 

transistor. 

6. Transformer circuit according to Claim l, 2, 3 or 4, characterized in that 

it comprises a bias control loop comprising a first current sensing circuit coupled to the 

first transistor, a second current sensing circuit coupled to the second transistor, a 

25 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 difference 

detection circuit being coupled to the base of the first transistor via at least one loop 

5 --· 
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capacitor. 

7. Transformer circuit according to Claim 6, characterized in that a loop 

transistor 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 

5 loop capacitor. 

8. A double-balanced mixer circuit comprising a first differential pair of first 

and second mixer transistors, whose emitters are coupled to a common first emitter 

terminal, a second differential pair of third and fourth mixer transistors, whose emitters 

are coupled to a common second emitter terminal, the bases of the first and the fourth 

I 0 transistor and the bases of the second and the third transistor being coupled to a 

common first and a common second base terminal respectively, between which base 

signals a mixing signal may be applied, characterised in that the first common emitter 

terminal and that the second common emitter terminal are coupled to a first symmetrical 

output terminal and a second symmetrical output terminal respectively, of a transformer 

15 circuit according to one of the precedings Claims. 

9. A double-balanced mixer circuit comprising a first differential pair of first 

and second mixer transistors, whose emitters are coupled to a first common emitter 

terminal, a second differential pair of third and fourth mixer transistors, whose emitters 

are coupled to a second common emitter terminal, the bases of the first and the fourth 

20 transistor and the bases of the second and the third transistor being coupled to a first 

common and a second common base terminal respectively, between which base 

terminals a mixing signal may be applied, characterised in that the asymmetrical input 

terminal is coupled to a node being commonly coupled to the first common emitter 

terminal and the base of a transistor, being arranged in a common emitter configuration, 

25 its collector being coupled to the second common emitter tenninal. 
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Abstract: 

Transformer circuit, double-balanced mixer. 

The invention relates to an integratable transformer circuit for converting 

an asymmetrical input signal into a pair of symmetrical output signal currents, requiring 

one IC connection pin only. The circuit exhibits a low input impedance combined with 

good noise, gain and intermodulation performance up to high frequencies. The 

5 asymmetrical input terminal of the circuit is coupled to a node commonly coupled to the 

emitter of a common base transistor and to the base of a common emitter transistor. 

The common base transistor acts as non-inverting current follower, the common emitter 

transistor as inverting transimpedance amplifier. An input signal current is transferred to 

a first symmetrical output terminal· via this node and the common base transistor, 

10 thereby producing a signal voltage at the node. This signal voltage modulates the 

collector current of the common emitter transistor, which is in phase opposition with the 

input signal current and is transferred to the second output tenninal. 

/ 
I 
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The invention relates to- a transformer circuit for converting an 

asymmetrical input signal into a pair of substantially. symmetrical output signal currents, 

comprising a first and a second transistor, the emitter of the first transistor being 

coupled to an asymmetrical input terminal, 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. 

Th11r~i[ 11irnif wr 
- ------ --- Such a transformer circuit is known from the European Patent Application 

number 84200975.5, where it is used as an input stage 100 in a double-balanced mixer 

circuit, as shown in figure 1. Its symmetrical output terminals SOl and S02, are 

coupled to the common emitter terminals 3 and 4 of the differential mixer transistor 

pairs Tl, T2 and 1'3, T4 respectively. 

In the known transformer circuit both the emitter of a first transistor TS 

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 TS 

and T6. Thus the signals applied at the emitters of transistors T5 and T6 are in phase 

opposition. Since the ~ of transis~rs TS and T6 are connected to signal ground, 

these transistors constitute a symmetrical current follower. The pair of symmetrical 

signal currents at the emitters of these transistors, is transferred with nearly unity gain 

to a pair symmetrical output signal curients at terminals SOl and S02. 

Although the known transformer .q_jrcuit is suitable to be used in a high 

performance receiver front-end, it inherently ~ires an inductive transformer to 
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transform an asymmetrical input signal into a pair 0(..5¥f11MBtMPi1eat--siEnat~tcteh an 

inductive transformer is relatively expensive 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 

transformer is unsuited to be integrated on a chip. Furthermore, at least two connection 

pins are required to couple the inductive transformer to the integrated components of the 

transformer circuit. The number of connection pins may increase and herewith the size 

and the price of the housing of the chip. 

As such, transformer circuits are known that do not require an inductive 

transformer, for example a long-tail pair input stage in a double-balanced mixer circuit 

as known from the German Offenlegungsschrift 28,39,061. However, the performance 

of the long-tail pair input stage is inferior, to that of a transformer circuit comprising an 

inductive transformer as previously discussed. First of all, the long-tail pair input stage 

exhibits a worse noise and intermodulation behaviour, as explained in the 

aforementioned European Patent Application. Secondly, the long-tail pair input stage 

has a relatively high input impedance, compared to the inductive transformer circuit. 

This makes the long-tail pair input stage more suscepn.l>le to interferences due to 

parasitic capacitive couplings of unwanted signal sources with the asymmetrical input 

terminal. Thirdly, the symmetry between the pair of output signal currents, applied at 

the common emitter terminals of the two pairs of mixer transistors, will in general be 

less than that of the known transformer circuit. 

It is inter alia an object of the invention to provide a transformer circuit 

for converting an asymmetrical input signal into a pair of substantially symmetrical 

output signal currents, that has a performance comparable to that of the known 

transformer circuit, 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 components. 

To this end the transformer circuit as specified in the opening paragraph is 

characterized in that the asymmetrical input terminal is coupled to a node commonly 

coupled to the emitter of the first transistor and to the base of the second transistor, the 
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first and the second transistor being arranged in comm n d 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 inpui 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 opposition with the collector current of the first transistor. The 

first transistor is arranged in common base configuration and constitutes a non-inverting 

current follower, whereas the second transistor is arranged in common emitter 

configuration and constitutes an inverting transadmittance 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 (transimpedance), due to the non-i.ero input impedance of 

the current follower. This signal voltage is applied at the base of the second transistor, 

and modulates its collector current, which will be in phase opposition with that 9f the 

first transistor. The voltage-to-current conversion (transadmittance) by the second 

transistor, can be made substantially inverse to that of the previously mentioned current­

to-voltage conversion, such that the collector currents of the first and the second 

transistor are substantially symmetrical. 

A preferred embodiment of the transformer circuit according to the 

invention, is chuacterimi 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, improves the large signal handling 

and/or the noise behaviour of the circuit. 

A further preferred embodiment of the transformer circuit 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 embodiment is 

comparable to that of the .known transformer circuit and is mainly determined by the 

input stage. The input stage provides power gain, such that the noise contribution of the 
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first and the second transistors with their respective emitter series impedances, is 

relatively small compared to that of the input stage. 

A further preferred embodiment of the transformer circuit according to 

the invention, is characterized in that a cascode transistor i~ common base configuration 

is amnged between the collector of the second transistor and the second symmetrical 

output terminal. The cascode transistor may help to improve the symmetry of the pair 

of output signal currents, by equalizing the collector-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 extent. 

In order to improve the stability in biasing the transformer circuit 

according to the invention, an embodiment is preferably characterized in that a DC­

blocking capacitor 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 another preferred 

embodiment of the transformer circuit according to the invention, being characterized in 

that it comprises a bias control loop comprising a first current sensing circuit coupled 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 

ftrst and the second current sensing circuit respectively, the output of the difference 

detection circuit being coupled to the base of the first transistor via at least one loop 

capacitor. 

When the transformer 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 

capacitor. This transformer circuit may advantageously be used when parasitic 

capacitances, introduced by said DC•blocking capacitor, give rise to an unacceptable 

asymmetry in the pair of.output signal currents and/or when said DC-blocking capacitor 

requires too much chip-area. 

A further preferred embodiment based on the aforementioned embodiment 

of the transformer circuit according to the invention, is characterized in that a loop 

transistor 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 
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loop capacitor. •. ·- j 
An embodiment of a double-balanced mixer circuit according to the 

invention comprising a first differential pair of first and second mixer transistors, whose 

emitters are coupled to a first common emitter tenninal, a second differential pair of 

third and fourth mixer transistors, whose emitters are coupled to a second common 

emitter terminal, the bases of the first and the fourth transistor and the bases of the 

second and the third transistor being coupled to a first common and a second common 

base terminal respectively, between which base tenninals a mixing signal may be 

applied, is characterised in that the asymmetrical input terminal is coupled to a node 

being commonly coupled to the first common emitter terminal and the base of a 

transistor, being arranged in a common emitter configuration, its collector being 

coupled to the second common emitter terminal. 

This embodiment of a double-balanced mixer circuit is particularly suited 

to operate at very low supply voltages (e.g. in 1 or 2 1,5 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 

second mixer transistor fulfil the role of the first transistor in a transformer circuit 

according to the invention. The base of the first and the second mixer transistor are in 

general coupled to a low impedance signal source, such that these transistors are 

arranged in a common base configuration 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 determined by the voltage difference between their respective 

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 ttansistor were to be replaced by a 

single transistor in common base configuration. Consequently the transimpedance of 

both aforementioned cases has the same magnitude, and the signal voltage at the node 

may therefore be used to·drive the base of the second transistor. 

The following figures clarify the invention. 

Figure 1 is a double-balanced mixer circuit with a conventional 

transformer circuit as an input stage. 
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Figure~ is a first embodiment of a transformer circW.iacoordiiigto the 

Figure 3 is a double-balanced mixer circuit with a second embodiment of 

a transformer circuit according to the invention. 

Figure 4 is a double-balanced mixer circuit with a third embOdiment of a 

transformer circuit according to the invention. 

Figure 5 is a double-balanced mixer circuit with a fourth embodiment of a 

transformer circuit according to the invention. 

Figure 6 is a double-balanced mixer circuit with a fifth embodiment of a 

transformer circuit aceording to the invention. 

Figure 7 is an embodiment of a double-balanced mixer circuit according 

to 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 transformer circuit according to 

the invention, which is particularly suited for 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 transistor 101 via a first impedance 111 and to the base 

of a second transistor 102. Transistor 101 is effectively arranged in common base 

configuration, since the base of transistor 101 is coupled to signal ground via a 

relatively 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 emitter configuration. The collectors 

of transistors 101 and 102 constitute the first and the second symmetrical output 

terminals (SOl, S02) respectively, of the transformer circuit. The components whose 

reference numeral comprise 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 being node NC, its output terminal being terminal 
SOl. The input impedance of this current follower is approximately equal to the sum of 
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impedance 111 and the emitter impedance of transisto~ll.LJl:all!OlSU~~--1!" 

impedance 112 can be regarded as an inverting transadmittance amplifier, its input 

terminal being node NC too, and its output tenninal being tenninal S02. The input 

impedance of this transadmittance amplifier is at least an order of magnitude higher than 

that of the current follower~ Its transadmittance gain, that is the voltage-to-current 

conversion factor, is approximately equal to the inverse of the sum of impedance 112 

and that of the emitter impedance of transistor 102. 

The input current drawn from a signal source connected to the 

asymmetrical input terminal AI, will substantially flow into the emitter of transistor 

101, thus to the symmetrical output terminal SOI. This because the magnitude of 

impedance 111 is relatively low compared to that of impedances 211 and 120, to avoid 

unnecessary signal loss. Hence, the input impedance of the transformer circuit 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 

transadmittance amplifier indicated above. 

Good symmetry between the collector signal currents of transistor 101 and 

transistor 102 can be obtained if the product of transimpedance gain and the input 

impedance of the current follower, approximates unity gain. Such is the case, for 

example, if there is little diffe~nce 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 'imperfect' 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 transformer circuit can be understood by 

recognizing that the sum of the base-emitter junction voltages of transistors 101 and 

102, is constant and equal to control voltage Ve. An input current 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-voltage conversion exhibits a 

logarithmic characteristic and is therefore non-linear. Consequently, the base-emitter 

junction voltage of transistor 102 is modulated inversely and non-linearly, since the sum 
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of the junction voltages is constant. However, the relation between collector current and 

base-emitter junction voltage of transistor 102, is also logarithmic. Thus, the non-linear, 

logarithmic current-to-voltage conversion (transistor 101), is compensated by the non­

linear, exponential voltage-to-current conversion (transistor .102), such that the transfer 

of an input current at terminal AI to an inverse output current at terminal S02 is 

substantially linear. 

Impedances 111 and 112 have little influence on the linearity of the 

transformer circuit, but do increase the maximum allowable input voltage at terminal 

AI, by reducing the input voltage to input current conversion factor. If 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 

currents at terminals SO 1 and S02 are substantially symmetrical over a wide 

temperature range, the transformer 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 Ve, to make the bias current of transistor 102 substantially 

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 series 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 collector currents of transistor 101 respectively 102. The 

scaling 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 collectors of transistors 201 and 202 

are coupled to transistors .221 and 222 respectively. The latter transistors form a current 

mirror acting as difference detection circuit. The collector current of transistor 201 is 

first mirrored, thus inverted, and summed with the collector current of transistor 202, to 

generate a difference current flowing into the base of transistor 240 and possible 

parasitic capacitances (not shown). The base-emitter junction capacitance of transistor 

240 integrates inter alia the difference current into a control voltage Ve. The base-
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emitter junction capacitance increases with the size of the transistor 240, which is 

relatively large to sufficiently filter out high frequency components in the difference 

current. In that case a distinct filtering capacitor between the base connection of 

transistor 240 and signal ground is superfluous. Diodes 24~, 242 and 243 and 

impedance 244 are used to correctly bias transistor 240. Preferably these diodes are 

shottky diodes, to promote a temperature independent operation of the transformer 

circuit. 

In a steady-state situation, the bias currents of transistors 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 

integrated into a continuously changing control voltage Ve. The change in control 

voltage Ve corrects at its tum the ratio of the collector currents of transistors 101 and 

102, such that the difference current is reduced to zero. Then, the voltage Ve remains 

constant. 

A change in control voltage V c mainly affects the bias current of 

transistor 102, in the case that the voltage drop over impedance 112 is at least one order 

of magnitude 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-emitter voltage of 

transistor 102 and the resistance of impedance 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 V c to 

this end. 

In order to guarantee starting up of the transformer circuit over a wide 

temperature range, a start-up circuit is added comprising transistors 231, 232 and 233 

and impedance 234 are added. Transistor 231 and 232 act as current sources, whose 

eollectors 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 frequencies of the transistors used in the circuit. The 
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emitter-base capacitances of transistors 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 CQmmon emitter configuration 

and transistor 101 in common base configuration, the collector-base signal voltage of 

transistor 102 is larger than the collector-base signal voltage of transistor 101. This 

causes a somewhat 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 transformer circuit according to the invention. The ·symmetrical 

current outputs SOl and S02 of the transformer circuit 100, are connected to the 

common emitter terminals 3 and 4 of the mixer transistors. Between the terminals 1 and 

2 an oscillator signal may be applied, such that the mixer transistors 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 Tl and T4 are 

conductive, whereas T2 and T3 are not. Then, the signals currents at SOl and S02 are 

directed to flow into impedance 5 and 6 respectively. Conversely, when the voltage at 

terminal 2 is higher than the voltage at terminal 1, mixer transistors n and T3 are 

conductive, whereas Tl and T4 are not. Then, the signals currents at SOl and S02 are 

directed to flow into impedance 6 and 5 respectively. Thus the current flowing into 

impedances Sand 6 are alternately derived from SOI and S02. 

A difference with the embodiment shown in Figure 2, is that the 

transformer circuit 100 of Figure 3 has an input stage, arranged between the between 

the asymmetrical input terminal Al and the node NC. This input stage comprises an 

input transistor 103 arranged in common base configuration and acting as current 

follower. 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 voltages are supplied to terminals 

VBl, VB2 and VB3, which are further supplied to the bases of transistors 101, 102, 

103 via impedances 141, 142 and 143 respectively. The bases of transistors 101 and 

103 are coupled to ground by capacitors 151 and 153 respectively. Thus tiansistors 101 



and 103 are arranged in common base configuJa.en'!"' impedanc'e·+t~ acts as passive 

.current source and determines inter alia the bias current of transistors 101 and 103. 

Capacitor 131 is a DC-blocking capacitor to decouple the emitter bias voltage of 

transistor 103 from the DC voltage applied at the asymmet;rical 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 SOl via 

transistors 101 and 103. The conversion factor is inter alia determined by the source 

impedance 11 and the emitter impedance of transistor 103. Preferably, the magnitude of 

impedance 113 is some orders of magnitude larger than 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 impedance 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 

impedance 142. Transistor 102 and impedance 112 constitute an inverting 

transadmittance amplifier, supplying a signal current to output S02 which is p~ase 

opposed to the signal current at terminal SOL 

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 

embodiment shown in Figure 2. This feature relates to the fact that the transfer from the 

asymmetrical input terminal AI 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 transformer circuit $hown in Figure 3, decreases, 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 transistor (103) dominates. This in 

contrast to the embodiment 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 obtainable voltage gain in the 



embodiment shown in Figure 3 diminishes and consequently the noise figure will 

deteriorate. At a frequency being an order of magnitude less than the cut~ff frequency 

of the transistor 103, the noise figure of the embodiment shown in Figure 2 may be 

superior to the one shown in Figure 3. In the transformer ~t shown in Figure 2, 

two transistors (101,102) have dominant noise contribution, whereas in the embodiment 

of Figure 3 three transistors may have contribute to the noise of the transformer 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 embodiment without an input stage as shown in Figure 2, may be preferred. 

A second interesting feature of the transformer circuit as shown in Figure 

3, is that a higher gain may be obtained compared to the known transformer circuit, 

when both circuits have similar perfonnance 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 symmetrical output signal cunents. The gain of both the 

known transformer circuit and that of one according to the invention is inter alia 

determined by the magnitude of the sum of the source impedance 11 and the input 

impedance at the asymmetrical input terminal AI of the transformer circuit. 

As an illustration of said feature, assume the bias currents of transistors 

TS and T6 in circuit of Figure i and transistors 101, 102 and 103 in the circuit of 

Figure 3 to be 1 milliAmpere. This limits symmetrical output signal currents at SO 1, 

S02 of both circuits to a peak value of 1 milliAmpere. The input impedance at the 

asymmetrical input terminal AI of the transformer circuit in Figure 3, will be 

approximately 25 Ohms, the emitter impedance of a typical silicon bipolar transistor 

biased at 1 milliampere. The impedance at AI of the transformer circuit in Figure 1, 

will be approximately 2 times 25 Ohms, if the transformation ratio of transformer 1 in 

Figure 1 is 1: 1. This because the emitter impedance of transistors TS 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 transformation 

ratio will either further reduce the gain or deteriorate the linearity and noise 

performance of the circuit. 

The double-balanced mixer circuit shown in Figure 4 comprises a third 

embodiment. of a transformer circuit according to the invention. Different from the 
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second embodiment of Figure 3, the transformer circuit 100 of Figure 4 comprises a so­

called cascade transistor 104, which is arranged between the collector of transistor 102 

and the symmetrical output terminal S02. This cascode transistor acts as a signal 

current follower, since it is arranged in common base configuration, by coupling its 

base to signal ground via capacitor 154. Cascode transistor 104 receives at its base.a 

bias voltage applied at terminal VB4 via impedance 144. 

A cascade transistor arranged in series with the second transistor, as 

shown in Figure 4, may help to improve· the symmetry between the output currents at 

terminals SOI and S02. In the embodiment of Figure 4, the collector bias voltage of 

transistor 102 is independent from the collector bias voltage of transistor 101, 

determined by the voltages applied at terminals l and 2. In contrast with the 

embodiment of Figure 3, the c~llector bias voltage of transistor 102 can be adjusted by 

the bias voltage applied at terminal VB4, which is an additional parameter to reduce 

asymmetry between the output signal currents. Asymmetry may be caused by the so­

called 'Early-effect' of the transistors, which is inter alia determined by the voltage 

across the collector-base junction. The influence of the Early effect on the output signal 

currents at SO l and S02 can be balanced by adjusting the bias voltage applied at 

terminal VB4. 

Figure S shows a double-balanced mixer circuit comprising a fourth 

embodiment of a transformer circuit according to the invention. Compared to the third 

embodiment 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 S by an active current 

source comprising transistor l OS 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 termmal VBS, 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 components on the bias voltage applied at terminal VBS, from 

parasitically modulating the active current source. 

The embodiment shown in Figure S offers the advantage, that due to the 

high collector impedance of transistor 1 OS, almost all the input signal current at 

tenninal AI is directed to flow into the emitter of transistor 103. The gain of the 

transformer circuit presented in Figure Smay therefore be higher than that of Figure 4, 
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especially when the circuits are to operate at low supply voltages. To enable low 

voltage operation, the DC resistance 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 frequencies, could be enlarged using an inductQr. 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 impedance 113 in 

Figure 4. 

Figure 6 shows a double·balanced mixer circuit comprising a fifth 

embodiment of a transformer circuit according to the invention. In this embodiment, the 

input transistor 103 and its associated elements (impedance 143, capacitor 153 and 

terminal VB3) shown in Figure S, are omitted. 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 embodiment equally does not comprise an input transistor 

between the terminal AI 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 

detrimental effect on the noise performance at relatively low frequencies, since there is 

no longer a voltage gain between the terminal Al and the node NC. To obtain the same 

gain at the same cur.rent consumption with respect to the embodiment shown in Figure 

S, impedances 111 and 112 of the embodiment shown in Figure 6 are to be omitted too 

(not shown). 

A double-balanced mixer circuit according to the invention, very well 

suited to operate at relatively low supply voltages, is shown in Figure 7. Compared to 

Figure 3, transistor 101 and its associated elements (impedance 141, capacitor 151 and 

terminal VBl) have been omitted. The gist of the circuit shown in Figure 7, is that 

mixer transistors Tl and T2 can take over the function of transistor 101. In practice 

terminal 1 and 2 are coupled to an oscillator signal source, whose source impedance is 

relatively low, such that mixer transistor Tl and n are effectively arranged in common 

base configuration. The impedance at the common emitter terminal 3 is practically equal 

to the emitter impedance of transistor 101 in Figure 3, assuming that transistor 103 of 

Figure 3 and transistor 103 of Figure 7, are biased at the same 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 transistor 102, such that its collector current and the current flowing to 

common emitter terminal 3 are substantially symmetrical. 

Although the double-balanced mixer c:irc:uit presented 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 terminal AI and in the mixer 

output voltages across impedances 5 and 6 respectively. Such spurious signals originate 

from an oscillator signal applied at terminals 1 and 2, producing a residual signal at the 

common emitter terminals 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 residual signal at the common emitter terminal 3 to the 

node NC. In the circuit shown in Figure 7, however, there will be little cross-talk 

attenuation of the residual signal to the node NC. Such an unwanted residual signal at 

node NC, may further cross-talk t) the asymmetrical input terminal AI. Moreover, it 

also modulates the collector current of transistor 102 and consequently produces a 

parasitic component in the mixer output voltage. 

While 6 embodiments are shown and described to clarify the invention, a 

person skilled in the art may conceive many other alternative embodiments of a 

transformer circuit or a double-balanced mixer circuit, without departing from the spirit 

and the scope of the invention 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 impedance 113, or active current sources, for example transistor 

105 and impedance 115, may be used alternatively. Cascade transistors may be 

arranged between the collector of the first transistor and the first symmetrical output 

terminal, as well as additional cascode transistors between the collector of the second 

transistor and the second symmetrical output terminal. Alternative input stages can be 

arranged between the asymmetrical input terminal AI 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, 

impedances 111 and 112 as shown in Figure 2 to 7 may comprise integrated inductors, 

to improve the high frequency noise behaviour of the circuit. Impedance 113 in Figures 
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3, 4 and 7 could be an inductor, being an external component arranged between the 

input pin of an integrated transformer circuit and signal ground. In this case capacitor 

131 would also be an external component. Thus. it will be evident that, although the 

transformer circuit 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 embodiments. Alternatively, field-effect 

transistors may be used, in which case emitter, collector and base in the present 

Application should read: source, drain and gate respectively. Furthermore, it will be 

evident that the polarity of the transistor is of no interest: instead of bipolar NPN or N­

channel field effect transistor, PNP or P-channel field-effect transistors may be used. 

In a double-balanced mixer circuit, the symmetrical output terminals of 

the transformer circuit (SOl, 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 symmetrical output terminals and the 

common emitter tenninals, in order to bias the differential mixer transistor pairs 

independently from the transformer circuit. 

The application of a transformer circuit according to the invention, is not 

limited to double-balanced mixer circuits. It can also be applied advantageously in other 

types of circuitry, where a conversion of an asymmetrical 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. 
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1. Transformer circuit for converting an asymmetrical input signal into a pair 

of substantially symmetrical output signal currents, comprising a first and a second 

transistor, the emitter of the first transistor being coupled to an asymmetrical input 

terminal, 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, 

characterized in that the asymmetrical input terminal is coupled to a node commonly 

coupled to the emitter 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. 

2. Transformer circuit according to Claim 1, 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. 

3. Transformer circuit according to Claim 2, characterized in that an input 

stage is arranged between the a:symmetrical input terminal and the node. 

4. Transformer circuit according to Claim 1, 2 or 3, 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. 

5. Transformer circuit according to Claim 1, 2, 3 or 4, characterized in that 

a DC-blocking capacitor is manged between the node and- the base of the second 

transistor. 

6. Transformer circuit according to Claim 1, 2, 3 or 4, characterized in that 

it comprises a bias control loop comprising a first current sensing circuit coupled 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 difference 

detection circuit being coupled to the base of the first transistor via at least one loop 
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capacitor. 

7. Transformer circuit according to Claim 6, characterized in that a loop 

transistor 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. 

8. A double-balanced mixer circuit comprising a first differential pair of first 

and second mixer transistors, whose emitters are coupled to a common first emitter 

terminal, a second differential pair of third and fourth mixer transistors, whose emitters 

are coupled to a common second emitter terminal, the bases of the first and the fourth 

transistor and the bases of the second and the third transistor being coupled to a 

common first and a common second base terminal respectively, between which base 

signals a mixing signal may be applied, characterised in that the first common emitter 

terminal and that the second common emitter terminal are coupled to a first symmetrical 

output terminal and a second symmetrical output terminal respectively, of a transformer 

circuit according to one of the precedings Claims. 

9. A double-balanced mixer circuit comprising a first differential pair of first 

and second mixer transistors, whose emitters are coupled to a first common emitter 

terminal, a second differential pair of third and fourth mixer transistors, whose emitters 

are coupled to a second common emitter terminal, the bases of the first and the fourth 

transistor and the bases of the second and the third transistor being coupled to a first 

common and a second common base tenninal respectively, between which base 

terminals a mixing signal may be applied, characterised in that the asymmetrical input 

terminal is coupled to a node being commonly coupled to the first common emitter 

terminal and the base of a transistor, being arranged in a common emitter configuration, 

its collector being coupled to the second common emitter tenninal. 
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Abstract: 

Transformer circuit, double-balanced mixer. 

The invention relates to an integ:ratable transformer circuit for converting 

an asymmetrical input signal into a pair of symmetrical output signal currents, requiring 

one IC connection pin only. The circuit exhibits a low input impedance combined with 

good noise, gain and intermodulation performance up to high frequencies. The 

asymmetrical input terminal of the circuit is coupled to a node commonly coupled to the 

emitter of a common base transistor and to the base of a common emitter transistor. 

The common base transistor acts as non-inverting current follower, the common emitter 

transistor as inverting transimpedance amplifier. An input signal current is transferred to 

a first symmetrical output terminal via this node and the common base transistor, 

thereby producing a signal voltage at the node. This signal voltage modulates the 

collector current of the common emitter transistor, which is in phase opposition with the 

input signal current and is transferred to the second output terminal. 

FIG. 2 
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The invention relates to a converter ·eircuit for con­
verting. an a~ymmetrical input signal in1o a pair or sub· 

· stantially symmetrical output signal currents, comprls­
hig a. first and a second transistor, the emjtter or the first 
transislor being coupled to an asymmetrical input termi-
· nal, the collector of the first transistor and the collector 
of the sec(;md 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 1 St S37 describes a converter circuit which 
Is uaed as an input stage 100 ln a double-balanced mix­
er circuit, as shown in figure 1. Its symmetrical output 
terminals 501 and S021 are coupled to lhe common 
emitter termjnals 3 and 4 of the differential mixer lran .. 
s1stor pairs T1, T2 and T3, T4 respectiveiy. 

In the known convener circuit both the emitter of a 
firsttransistorTS and a second transistor T6 are coupled 
to lhe asymrnetrlcal input terminal Al, via an in~uctive 
trans1ormer '12. The inductive transformer converts the 
asymmetrical signal from si~al source 10 ln10 a "air of 
symmetrical signals a1 the emitters of transistor T5 and 
TS. Thus the signals applied ar the emitters of transistors 

TS and TS are in phase op.pcaition. Since the bases of 
tran!!istors TS and TS are connected to signal ground1 
these traneis1ors constitute a symmetrical current fol­
lower. The pair of symme1rical s;gnal curren\G at the 
ommors 01 lneae ln:mslston;I I~ transrarred wltti nearly 
unity gain to a pair symmetrical output signal currents 

at tarminats 501 and S02. 
Although the known converter circuit is suitable to 

be used in a high per1ormance receiver front-end, it in­
herently requires an inductive transformer to transform 
an asymmetrical input signal into a pair of symmetrical 
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· signals .. Such an inductive transformer is retat.·,. i.1:1.1.11t....t:11'-=------11 

pensive and occupies a relatively \args space. Mora and 

·r:nore re~eJver funclion:s are \ntegrated on a :tinglo chip 
.lo meet lhe demand for cheap and 5mafl size receivers. 
f.cr example in cordless telephony. The Inductive con-· 
verter Is unsuited 10 be lntegrated on a chip. Fu~her~ · 
more, at least two connecUon pins are r~quired to couple 
lhe inductive transformer to the tntegrated components 
of the converter ctrcull. The number of conneclion 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 a~ inductive transformer. For example, EP·A . . 
0,351 ,6!;9 dlscloses an input circuit tor a high frequency 
ampliflor using four transistors, the emitters o1 botli a · 
first and f:l second transistor are ccnneeted to a refer­
ence point. The base o1 1he first transi.stor conslitule6 

an ~symmetrical lnput 1ermtna1 or the ctreuit and the 

base ot the second transistor is connected to the collec­
tor of the first transistor. The co Hector of the first transis .. 
tor iG ==nnocted to the omtnor Of tho 1hird transistor and 
the colledor or the second transistor ls connected lo the ,,. . 
emitter of the fourth transistor. The bases of lhe third 
and fourth transistor arc connected with oach other and 
at least one ol the collectors of the third and fourth tran­

sistor is connected 10 a current source.· 
DE·A·28,39,061 describes a long-tail pair inpu1 

·stage in double-balanced mixer circuit. However, the 
performance of the lcng·taH pair input srage is inr erior 
to that of the converter circuit as disclosed in EP .. A-

0, i 31
1 
~37. First of all, the long-tall pair input s1ago ex­

hibits a worse noise and intermodulation behaviour. as 
el:plained in the aformentioned European Pa\enl Appli­
cation. Secondly, the long-tail pair input stage has a ral­

atively high input impedance, compared to the converter 
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.circuit djsclosod 1n EP-A-0. i 31 ,337. This makes tho 

Jong·tail pair input stage more susceptible to interferenc­

es due to parasitic capacitive couplings of unwanled sig-

. nal sources with the asymmetrical input ter~inal. Third· 

ly, the symmetry between the pair of output signal cur­

rents,· applied at the common emitter terminals of the 

two pairs of mixertransistors, will in genera1be less than 
• I 

that of the known convener circuit alscloG.oa in EP-A-
; 

0,131,337. 

It is inter alia an object of the invention to provide a 
converter circuit for converting an asymmetricttl input 

signal intc a palr of subslantiaUy symmetrical output sig­

nal currents, that has a performance comparable lo that 

of lhe known converter circuit comprising an inductive 

transformer, but which is more &uited to integration on 

a chip and which requires only one input eonnection pin 

and l~~:l volutninou~ and/or oxpcn"i~c oxtcrnal ccmpc 

nenls. 
To this end the converter circuit as specified in the 

opening paragraph ls characterized in thal lhe asym· 
metrical inpul terminal is coupled to a node ccmmonl)t 

coupled to the emitler cf the firsl transistor and to the 
base of the second transistor. ths first and the second 

transistor being arranged in common base·c:onfiguralicn 

and in commcn eminer configuration respectively. 

The invention i~ baaed on the recognition lh'11 a pair 

cf $ymmetrical output signal currents can be obtained 

by directing an input current trom the signal scurce lo 

11cw to the first symmetrical output termlnat via the first 

transistor and that at \east ltie signal voltage across the 

emitter-base junction or the first lran&istor, should be 

used to drive the second transistor, which can provide 

a collector current that is substantially in phase opposi­
tion with 1ho eolteetor currant of the first transistor. The 

first transistor is arranged in common base configuration 
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and _constit.ut~s a non-inverting current toUower, where-
.. - · a.s t~e.saeQnd uansistor is arranged in common emitter 

!=·onflguration· and constitutes an inverting transadmit· 
.. -~c:e ar:nplifler. 

Tne inpul current from the signal source trans1strod 
. to·tha node, will substanUatly flow ln10 tr'le emitter of the 

. first transistor, since lhe input impedance of the current 
f_otlower is relatively low. The signal voltage al the node 

· results from a currant-to-voltage conversion (transjm­
pedance), due to lhe non-zero input impedance Of the 
current follower. This signal voltage is applied at the 
base of the second transistor. and modulates its collec­

tor current, which wiU be in phase opposition with that 
of the first transistor. The vcltaga ... 1o·current conversion 

· (nansadmlnance} by the second transistor, can be 
made substantially inverse to that o1 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 pref err.ad embodiment of the converter circuit ac­
cording to the invenUon. is characterized in that a firGt 
impedance is arranged between the emitter of the first 
transisto< and the node and that a second impedance is 
arranged betwaon lhe emlner of 1ha socond lraneistor 
and signal ground. The addition of impedances in series 
with the emitters of the tire, and second transistor5, im­
proves the large signal handling end/or tl"le noise behav­
iour of the circuit. 

A further preferred embodiment of1he converter cir­
cuit according lo the invention, is characterized in that 
an input stage is arranged between the a.symmetrlcal 
Input terminal and the node. The noise figure of this em­
bodiment is comparable to that of the known convener 
circuit and is mainly dstermlned by the input stage. The 
input stage provides power gain, suct"I that the noise 
contribution of the f\ret and the second traneietore with 

---...... -.................. __ , 
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their respective emitter aeries impedances, is relatively 

. small compa~ed 10 that of the i~put &tags. . 

. A ·rurttler pre1erred embodiment or the converter cir~ 

·cult according lo lhe Invention, ls characterized in that 

· a _cas~ode transistor in ccmmon base configuration is 

. arranged ·between the collector of the second trangistor 

and the second symmetrical output terminal. The cas­

code transistor may help to Improve the symmetry of the 

-'pair of output signal currents, by equallzlng the collec· 

tor-base voltage difference of the ftrat and the second 

transigtor, such that the ~allad· 'early effect• affects 

the signal transfer via both tranaiators to the same ex­

tent. 
In order to improve the &lability· in biasing the con­

verter circuit according to \he invention, an embodiment 

is preferabty characterized ln thal a OC-b\ocking capac­

itor is arranged between the node and the base of the 

second transistor, to decouple the bias voltage ot 'the 

emitter of the first transistor frcm the bias voltage af the 

base of \he second transistor. 
Said improvement is alternatively achieved by an­

other preferred emeoa1men1 o1 lhe convgnar circuit ac­

cording to the invention, being charac1erlzed in that tt 

comprises a bias control loop comprising a first current 

SQnsing circuit couplod to the first transistor, e second 

current seneing circuit coupled to the sscond lrenaietor, 
a difference delec\ion circuit with a first and a second 

input coupted 10 the output Qf the first and the second 

currsnt sensing circuit respectively, the output ot1he d\f­

ference detection circuit being coupled to the base of 

the first lranststor via at least one loop c8pacitor. 

When the converter circuit 1s equipped with such a 

bias control loop. it is po&sible to obtain stable biasing 

of the circuit withcut the use of said DC-blocking capac­

itor. This cQnverter circuit may advantageously be used 

when parasitic capacitances, Introduced by said DC· 
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. . blc:>ck.ing capacttor, give rise to an unaccaptabie asym-
.· : ·. · · .. · .. · metry in the pair of output signal curren1s and/or wheri_ 
. . said oc .. blocking capacitor requires too much chip-ar­

ea. 
A.further pretarr.ed embodiment based on the afore­

mentioned embodiment of the converter circuil accord­
ing t~ the invention. is charaderized in that a loop tran· · 
sistor is inserted bgtwson tha output cl the dltference 

detection circuit and the base of lhe first transistor, tt'\a 
. base-emitter junction of the tocp transistor ccnelitu1ing 
said loop capacitor. 

An embodiment of a double-balanced mixer circuit 
according to the invention ls denned Jn claim 9. 

This embodiment of a double-balanced mixer circuit 
ts particularly suited to operate at very tow suppfy vott­
ages (e.g. in 1 or 21 ,Svoll battery operated equipment), 

since the number of emitter-baso junC1ions arranged In 
series between the supply voltage connections can be 
reduced to two. In this embodiment 1he first and the sec­
ond mbcertransistor fulfil the rote ol the first transistor., 
a converter circuit according lo the invention. The base 
of the firgt and the second mixer transistor are in general 

coupled ro e lcw impedance signal eource, :1uch that 
~hese transistors are arranged in a commQn base con­
figuration and act as currant followers. The ponlcn of 
1ha current trom ttle Input signal source flowing through 

the first and through the second mixer transistor, is de­
termined by the voltage difference between their re­
specttve bases. However, the input impedance at ttie 

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 aingte transiatcr in common base con­
figuration. Consequently the 1ransimpadanca of both 
aforamen1ioned cases has the same magnitude, and 

tne slgnal voltage 1-Jt the node may tnorefcfe be uood to 

drive the ba6e of the second transistor. 
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The rollowing figures clarify the invention._ a--------­
. Figure ·1. Js a double-balanced mixer circuit With a 

. . . . 

~onva·~tional conver1.er circui1 as an inpu1 stage. 
Figura 2· ls a first embodiment of a convener circuit 

-~cecrding to the invention. 

. Figura 9 _i& a doub!a·balancad mixer circuit wilh a 
second embodiment of a converter circuit according to 
lhe Invention. 

Figura 4 is a double-balanced mixar circuit with a 

third embcdi'!lenl of a converter circuit according to the 
invention. 

Figure S ia a double-belancad mixer circuit with a 
fourth embodimen\ of a converter circuit accordlngto the 

· . Invention. 
Figure 8 is a double-balanced mixer circuit with a 

tif\n embodiment of a convener circuit according to the 
invention. 

. Figura 7 is an embodiment of a doubte·balanced 

mixer circuit ~ccording to the Invention-:· 
The invention will be described in greater detail with 

ref ere nee to Figures 2 ro 7. 
Figure 2 shows a firs1 embodiment of a converter 

ctrcuit according to the inventlon1 Which is panicularty 
suited tor integration on a chip. The asymmetrical input 
terminal Al is directly coupled 10 the node NC. The node 
NC is commonly coupled 10 the emitter of e first transis­
tor 101 via a first impedance 111 and to the base of a 
second transistor 102. Transistor 101 is effectively ar­
ranged in common base ccnflguratton, since the base 
of transistor 101 is coupled to signal ground via R relR-
1tvety low Impedance network constituted by dlcdes 241, 
242 and 243 and impedance 244 connected in series. 
Transistor io2, whose emitter i.s coupled 1o signal 
ground via tmpedance 112, ie arranged in common emit· 

ter ccnfiguratton. The collectors of transistors 101 and 
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· 102 constitute tne first and the ·second symmetrical out-
. put terminals (S01. S02) respectively, cf 1he converter 

~lrcuit. The components whose reference numeral com­
prise a most s1gn1t1eant CloelmaJ '2' ane lmpedarica 120. 
serve ro correctly bias transistors 101 and 102, as wiJI.. 
be·discussed later. 

Transistor 101 and impedance 11 i can be regarded 

as a non .. inverting curranr follower, Its Input terminal_ be­
ing node NC. itG outpUtl&rminalbeingterm!nal SO~. The 
input impedance of this current follow~n is approximately 
equal to the sum of impedance 111 and the emitter·im­

pedaric:e of transistor 10·1. Transistor 102 and imped­
anc~ 112 can bf!t utgard8d !I!! an lnveTl,ng Lr!!lnsadmlt• 
tance amplifier, its input terminal being node NC too, and 
its output terminal being terminal 502. The input imped­
ance of this transadmlnance amp llfier Is at least an order 
or magnitude higher than that of the current follower. Its 
1ransadmittance gain, that is the voltage-to-current con· 
version factor. is appraximately 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 ll 3ignal aourcc con­
nected to the asymmetrical input terminal Al, wilt sub­

slantlalty now into lhe emlner of lransislor 101. thus to 
lhe symmetrical output terminal 501. This because the 
magnitude of impedance 1i1 is relatively· tow compared 
to that of impedances 2i 1 and 120. to avoid unneces­
sary signal loss. Hence. the input impedance of the con· 
vertar circuit is app;oxima1ety equal to that of the current 
follower as indicated above. The signal voltage at node 

NC \e approximatety equal to the produc' of the input 
current and the ;nput impedance of 1ha current follower. 
This signal voltage ie the input voltage of the transad­
mittance amplifier indlcatec:i abcve. 
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Good symmetry .between the c0Hectcn1?1~.Q.U.JC-...--.._._.JJ 
. . 
·rents of 'transistor io1 and transistor io2 can be ob-

. talned tf the product ~1 transimpadance gatn and the in­
put impedance o11he current totaower, approximates uni­
ty gain. Such is the case, for example. if 1hera is little 
dif1erenc8 the betweQn th~ bias eurre.nts of lr~nsistors · 
101 and 102 and if there is tittle difference ~etween the 

impedances 111 and 112. Soma asymmattyl may result 

from tne impedance betweon tha ba$e of transistor 101 

and signal ground being non~zero, the sc·cafled 'imper­

fect' common base configuration. This asymme1ry may 

be compeneated by a decrement-or tha magni1u~e cf 
impedance i 11 with respect to thal of impedance i 12. 

The linear operation of the converter circuit can be 
understood by recogniz;ng that the sum of the base­

eminer junclion voltages of transistors ioi and 102, is 
constant and equal to control voltage Ve. An input cur­

rent from a signal source at terminal Al flowing into the 
emitter o1 tfljnsis101 101, mndula1as the base-amhter 

junction voltage cf transistor 101. This eurrenl-lo-volt­
age conversion exhibits a logarithmic characteristic and 
is therefore non-linear. Consequently, rhe base-emitter 

junction voltage of transistor 102 ig mc;>dulated inversefy 
and non-Hnearly, since the sum of lhe junction voltages 
Is constant However, the relation between collecror cur­
renc a~d base-eminer juncllon voltage of transistor 102, 
is atso logarithmic::. ThU6, the non-linear. logarithmic cur­
rent-to-vcftage converslcn (tranaietor ioi }, ia ccmpen­
sated by the non-linear, exponential vol1age-to .. current 
conversion (1ransistor 102}. such that the transfer of an 
input current at terminal Al to ~n invarse output current 

at tarminal 502 is substantially Hnaar. 

tmpedancee 111 and 11 2 have Hnle Influence en the 

linearity of the converter circuit, bu1 do increase the max· 
imum at\owable input voltage at terminal Al, by reducing 

lhe input voltage to input currenl conversion fi:K:lor. If 
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lmped210ce ·111 ~nd 112 wars omlued, the conller!Slon o( 

. an. asymf".'\etrical Input signal Into a pair of symmelcic:al 
· output signal currents, would still be substantially linear. 

provided th·e input voltage remains below the maximum 
allowable value. 

To obtain a stable operation, such thal for exam.pie 

the output signal currants at terminals S01 and S02 are 
·substantially symmetrical over a wide tamperacure 
range, ttie converter circujt shown in ~igurg 2 ls 
equipped with a biacs oontrQI \oop. Thi5 bia8 ccntrol \ocp 
adjusts the base bias voltage of transistor 101. which is 
control voltage Ve, to maka the bias c\J rrenl of transistor .. 
102 subslantlelty equaltothat of transistor \01. The bias 
current of transistor 101 is inter aHa determined by tl"le 
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 
impedanco 212 ra,poc1ivoly. Tho coHoctor currant& of 

transistor 201 and 202 are sealed replica's of 1he eollac­
tor currants of transistor io1 raspectivaty 102. The seal­
ing factor depends en lhe ratlc between 1tie dimensions 
of transistors 201 and 202 with respect to transistors 101 

and , 02 and the ratio between the impedances 211 and 
212 with respect to jmpedances 111 and 112. The col­

fectcrs of transistors 201 and 202 are coupted to tran­
sistors 221 and 222 respectively .. The latter transistors 
form a current mirror ~r:ting ~s dlrferenee detection cir­
cuit. The collecror current of transistor 2oi is first mir· 
rored, thus inverted, and summed with the collector eur-
rent of traneistor 202. to gerierate a difference current 
flowing into the base of tranaiator 240 and possible par­
asitic capacitances (not shown). The ba&e·emitter junc­
tion capacitance or uan&lslor 240 integrates inter alla 
the dtfterence current in1o a control voltage Ve. The 
base-emitter junction capacitance increases with the 
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sizs of.the transistor 240. which ;s retatively larg =-="""""""' .......... ..J.J 

.ficia':lllY filter out high frequency components.in the dif· 
ference current. In that case a distinct filtering capacitor 

between 1he base connection of .transistor 240 and sig-
nal ground is superfluous. Diodes 241, 242 r.ind 243 and 

_imp~dance 244 are used to corr&c11y bias transistor 240. 

Preferably these diodes are shottky diodes, to promote 
~ temperature independent operation of the converter 
circuit. 

ln a steady-slate situation. the bias currents of tran­

sistors 101 and 102 will be substanttally eQual. The bias 

control tool' l~ an Integrating ccntrol tool' that atrtvee for 
zero error, that is: zero difference current. A difference 

' 
between the collector currents of transistors 101 and 
102 resalts in a non-zero difference current. that is inte­
grated into a conlin.uously changing control voltage Ve. 
The change in con1rol voltage Ve corrects at ire tum the 
ratio of lha coltac:tor currants of transistors 101 and 102, 
such thar the dinerenea currenl is reduced to zero. Then, 
t~e voltage Ve remains constant. 

A change in control vottage Ve mainty affects the 
bias current of lrans istor 102, in the case that the voltage 
drop over impedance 112 is at least one order of mag· 
niCude less than the base-emitter voltage of transistor 
102. The base-em lttsr voftl:lge cf··trans istor 1 02 varies 
only slightly in function of the transistor bias current. 
Since the bias current of transistor 101 substantially 
flows through mpedance i 20, \hia bias current has to 
be approximately equat to the quotient of the base-emit­
ter voltage of transistor 102 and the resistance of im· 
pedance 120. Thus, impedance 120 mainly determines 
the magnitud8 of lhe bias currenls of trr.iinslstor~ 101 end 

102. which bias currents are kept in balance by the bias 
e~nlrol loop, adjusting the controt vo~tage Ve lo this end. 

ln order to guaranlee stanlng up of the converter 

circuit over a wide temperature range, a star1-up circull 
is added comprising translstors 2~1, 2~2 and 23~ and 
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.... · · · · impedance 2-34 are added. Transistor 231 and~!~~ ac:t 

: : . _·-as current sources, whose collectors deliver a pair of 
.. symmetrical bias currents genera1ing for inttial biasing. 

An inlerasting feature cf the ambcdiment described 
above, is that good symmetry between the output signal 
currents is maintained at frequericiea only a few times 
lower th.an the cut·off froquoncies of the transistors used 

in the circuit. The emitter-base capacitance5 of transis· 
tQta· 101 and 102, affect the high frequency input signal 

transfer via these transistor6, to much tr'te same extent. 

Unbalance of tl'\e C?Ulput signal at high frequencies. WiU 
mainly r~sult frcm the collectcr·base capacitances of 

· traneiatom 101 end 102. As trenG\£tor 102 jg arranged 
in common eminer confiouration and transistor 1 oi in ... .. 

common basa configuration 1 tha col1ec1or-base signal 
voltage Qf traneietor 102 la largcrlhan th£J ccllector-baae 
signal voltage_ or transistor 101. This causes a some­

what targer current in the collector ~aae capacitance cf 
transistor 102. This current flews trcm lhe collector to 
the intema\ 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 currant out­
puts soi and S02 of the converter circu~ 100, are con­
nected to ths common emitter terminals :land 4 of the 
mixer transistors. Between the terminals 1 and 2 an os­
cillator signal may be applied, such that tho mixer tran­
sistors act aa currant ewi1ches. For example, when the 
voltage al terminal 1 is one base-emi11er junction \/ollage 
hjgtl er 1tien the voltage at termlnet 2, mixer transistors 

T1 and T4 are conductive, whereas 12 and T3 are not. 

Then. the ai~als currants al soi and S02 are directed 
to flow into impedance 5 and S respectiv.ety. Conversely, 
when \he voltage at terminal 2 ia higher than the volla.ge 
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at terminal 1. mixer transistors T2 and T3 are conduc-. . 

tlve, where.$s T1 end T 4 are not. Then. the signals cur-
_ rents ·a1 501 and 502 are directed to flow ;nlo imped­

. 8:nce s·and 5 rvspectively. Thus the current flowing into 
· lmpedancea 5 and Sare alternately derived 1rom soi 
end S02. 

A difference wi'th the embodiment shown in Figure 
.2. Is tha1 the convener circuil 100 of Figure 3 has an 
input stage, arranged between the between the asym­
metricaJ inp~t terminal Al and the node NC. This input 
stage comprises an Input transistor 103 arranged in 
~ommon base configuration and acting as current fot­
lower. A further difference is that DC blocking capacitor 

. 130 ia arrangecj between the node NC and the base of 

transistor 102. The embodJment of Figure 3 dee& not 
require a bla:a control loop for stable operation. Bias volt· 
agea are supplied tc terminals VB1. V82 and VB3, 
'Nt-,lch rlfb ~ur1her supplied to 1he bases of 1ran:siator:t 
1O1, 102, 1 03 _via Impedances 141, 142 and 143 respec­
tively. The bases of transistors 101and103 ars coupled 
10 ground by capacitors l 51 and 153 resp eetlvely. Thus 
lranslstors 101 end 103 are arranged in common base 
conflguratlon. Impedance 113 acts as passive current 
source and determines inter alia the bias current of tran­
siator& 101and103. Capacitor 131 is a OC-btocking ca· 
paci1or le decouple the emitter bias voltage cf transistor 
1 oe frcm tho CC vollage appfiad at the asymmetrical 
input terminaJ Al. 

Th~ signal source voltage 10 is converted into an 
signal current at terminal Al. which substantially flows 
to the symmetrical output terminal soi via transistors 
101 and 103. The conver&icn factor is inter atia deter­
mined by the source 'mpedanca 11 and the emitter Im· 
pedance of transistor 103. Preferably. the magnitude of 
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· impeda~ce 113 ls some orders af magnitude larger than 
thQ1 of tho cmingr impedance of transistor 103. !Uch tha1 

most of ~he currenr trom signal source 1 O flows into the 

emitter of transistor 103. The signal currant transferred 

· via transistor i 03 with nearly unity gain, is convened into . ·. 

a s·igna! voltage at tne node NC. The eurrent-10-vcltage · 

conversion 1actor is inter alia determined by the imped .. 

ance 111 and tr.a em Iner Impedance ot transistor 101. 

The signal voltage at the node NC i& supplied ~o the 

base of transistor 102 via DC-blocking capacitor 1 !jQ, 

which. constitutes a high·pass network together with im­

pedance 142. T ransislor · 102 and Impedance 112 con­

stitt:Jte an inverting lransadmittance amplifier, supplying 

a signal current lo output S02 which Is phase opposad 
to the ~ignel currJ'nt at terminal soi. 

The embodiment of Figure 3 has some features 

worth whUa noting. First of al I the noise performance of 

this embodiment can be superior 1o that cf the embodi· 

ment shown in Figure 2. This feature relales to lhe fact 

that the ttBnsfer 1rom the #lsymme1rical input terminal Al 
to node NC, may exhibit a voltage gain. This voltage 

gain depends inter alia on the magnitude of impedance 
11 1 . As the voltage gain increases, the noise figure of 
lho convartor oirouit cahown in Figura 3, docrcoaoa, since 
the contribution of the noise voltage of transistors 101 

and 102 diminishes. With sufficient vonage gain. the 
noise "ohage of transistors 101 and 102 may become 

negligible. sueti that the noise voltage of cnly one tran­

sistor ( 1 03) dominates. This in contrast to the embodi­

ment of Figure 2, where the beth transistors 101 and 

102 equatly contribute to the noise vcttage al the input 

terminal A.I, sines they ara both effectively arranged in 

series wlth this rermln~I 

As the frequency increases, the maximum obtaina­

ble voltage gain in the embodiment shown in ~igure 3 
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. diminis~es and consequently the noise figure wiire8ff!li---------i 
·rionue. At a frequency being an order of magnitude less 

. than the cu1-off trequency of the trenaia1or 103, tne noise 

figure of the e·mbodlment shown in Figure 2 may be su­

perior to the one shewn in Figure J. In the converter cir­
cuit shown in Figure 2. two transistors ti 01. i 021 tilave 

' 

dominant noise ccntribution, wherea& in the embcdi-, 
ment Of Figure 3 three trenaietore may hav~ contribute 

to the noise of the converter circuit. TI1us. with rela1tvely 
low f requsncy lnpU1 signals, an embodiment tomprlslng 

an input stage as shown in Figure 3 1 may be preferred 

and with relatively high frequency mput signals, an em­
bodiment without an inpu\ stage as shown in Figure 2, 
may be preferred. 

A second interesting feature of the converter circuit 

as shown in Figure~' Is thal a higher gain may be ob­
tail'\ad compar9d to th9 known convertor circuit, when 
both circuits have simHar performance with respect to 

noise, linearity and currant ccnaurnption. Gain is defined 

as 1he conversion factor of an asymmetrical input signat 
5gurce voltage to a pair of syrr•metrlcal out~ut signal cur­

rents. The gatn o( both the known convener circuit and 

that of one according to the invention is inter aHa deter· 

mined by the magnitude of lha sum of the source im­

pedance 1 i and the input impsdanc o at the asymmetri­
cal input lermintil Al of Lhe converter t:ircuil. 

As an illustracion o1 said feature, as5ume the bias 
currents of· transistors TS and TS in circui1 of Figure 1 

and transistors 101, i 02 and i 03 in the circuit of Figure 

3 to be 1 mllllAmpere. This limits symm_elrical aulpu1 sig­

nal currenlS at S01. 502 ol both circuits to a peak value 

cf 1 milliAmpere. The input impedance al Iha aaymmet· 

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 
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mtJlle"!pere. The impedance at Al of t_ha converter circuit 
in- Figure. 11 will be approlCimately 2 times 25 Ohms, 1f . . 

. the tr~n~fonn~Jlari •~licl nf lr~n~rorrner 1 in Figure 1 is 
1 :1. This because ths emitter impedance of transis\ors 
_TS and TS are etfectively arrangod in series. Duo to 1he 
higher input impedance of the known transformer circuit 
in this example, its gain _will ba less. Changing the trans· 
1o,matlon ratio wm either further reduce the gain or de­
~erlorate the llnearlty and noise pertormance of the cir­
cuit. 

The double-balanced mixer circuil shown in Figure 
4 ccmprieea a thi.rd embodiment cf a convener circuit 
according to the invention. DHferent from the second 
embodiment of Figure 3, the converter circuit 100 of Fig­
ure 4 comprises a so-called cascodo transistor 104, 
which Is arranged between the collector cf rransistot 102 
and 1he symmetrical output terminal 502. This cascade 
trans~stor acts as a signal current foHower, since it ia ar­
ranged in common base configuration, by coupling its 
base lo signal ground via capaci1or 154. Cascode tran­
sistor i 04 reccaives at its hasa a bias volfags;a ;:tppliP.n -.1 

terminal VB4 via impedance 144. 
A cascade transistor arranged in series whh the 

second transistor, as shown in Figure 4, may help to im­
p rove the symmetry between the output currents at ter­
mjnals 501 and 502. ln lhe embodiment of Figure 4, 
the collector bras voltacse ot transistor 102 is independ­
ent from the collector bias voltage of transistor 1a1 . de· 
termined by the voltages applied at terminals 1 and 2. 
In contrasl with tne embcdiment cf Figure 3, the collec­
tor biaa voftage of transistor 102 can be adjusted by the 
bias voltage aJ?.plled at terminal VB4, which is an addi .. 
tional parameter to reduce asymmetry between the oul­
put signal currents. Asymmetry may be caused by the 
so·caHed 'Early-e'1ect• of 1he transistors. which is inter 
alla delermlnedby the voltage across the ccllectcr·base 
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junction. The influence of the Early effect on the ... -.,:o;.;::u.;.s:t :;.;;::u ...... t .......... ._..,_,..~-& 
· 9ign_al currents at S01 and S02 can be balanced by ad­
just_ing the .bias voltage applied al terminal VB4. 
. Figure 5· showe a doubte-b.alanced mixer clrcul1 

comprising a fourth embodiment of a converter circuil 
. acc~rdlng to the invention. Compared to tho third em­

_bodiment shown in l=igure 4, the passive current source 
_for biaaing tran$i5tors 101 and 103, 1hat is impedance 

113 in Figure 4, Is replaced in Figurs 5 by an active cur­

rant source comprtslng transistor 105 and impedance 
115. The bias current from this active currant source is 
detorrmned by the value cf impedance 115 and tho bias 
voltage applied i"Jt terminal VBS, wh,ich is further applied 

to the base of lranslaror 105 via. impedance 145. The 
base is decoupled.to ground via capacitor 155, Inter alia 
to prevent posaibte parasitic high frequency compo­
nenrs on the bias vottage applied at terminal VB5, 1rcm 
parasillcalty modulating the active current source. 

The embodiment shown in Figure 5 off ars the ad· 
vantage. that due tc the high collector impedance of 
transistor 1 OS, almost all the input signal current at tar· 
minal Al is directed to flow Into the emitter of transistor 
103. The gain of lhe converter circuit presented in Figure 
5 may therefore be higher than that cf Figure 4. espe­
cially when the circuits anno operate a• low supply volt­
ages. To enable low voltage operation, the DC resist­
ance value o( 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 coUector impedance of transistor 
115 In Figure 5, will generally be higher than that of im­
pedance 113 in Figure 4. 
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Figure. 6 shows a doubte-balancad mixer circuit 
. "comprising a tiflh embodiment of a converter circult·ac· 

: : . · · ··carding to the invention. In this embodiment the input 
. · transistor 103 and Its associated tltsments (impedance 
. 143. capaci1or 153 and terminal V83) shown in Figure 

5, are omitted. Thus, the asymmetrical input tenninel Al 
iE ccup_led to the node NC via passive elements only. A · 
similar case is shown in Figure 2. of which the embodi­

ment equally doee n01 comprise an input nenaie1or be­
tween the terminaJ Al and the node NC. 

Omitting the input transistor 103 shown in Figure 5, 
may be an option.if lhe circuit is to operate at relatively 
low supply voltages. However. this may have a detri­
mental effect on the noise performance at relativety low 
frequsn.cies, since there is no longer a voltage gain be­
twaon tho 1erm1nat Al ano tne nooa NC. ro of)lStn 1na 
same gain at the same current consumption with re­
spect 1o tne embodiment shown in Figura 5, impedanc­
es 111 and 112 of the embodimenr shown in Figure 6 

are le be omllled loo (nol shown). 
A double-balanced mixer circuit according to the in­

vention. very welt suited to operate al ralativety tow sup­
pty voltages 1 ls shown in Figure 7. Compared to Figure 
3, _transistor 1 O i and its associated elements {imped­
ance 1411 capacitor i 51 and terminal V61) have been 
omitted. The gist of the circuit shown in Figure 7, is that 
mixer transistors Tl and T2 can take O\ler the f\Jnctlon 
of transistor 101. In practice terminal 1 and 2 are cou­

pledto an o&cillator signat source. whose source imped­
ance is relatively low, such that mlxer transistor T1 and 

T2 are efteclively arranged rn common base ·configure· 
. tion. The impedance at the common emitter terminal 3 

.......-----·- ._ .. -~ ···--~-- is practicany equal to the emitter impedance of trans\stor 
REPLACEMENT SHEE1 1 in Figure 3, assumtng that transistor 103 of Flgure 
f:-~-::-::l 3and transJs1or 103 of Figure 7. are b'iased at the same 

L~ 
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· · current. :Thu~. the signal current from the signal sou re~ 
. ·. 10 wlll ~ubstantially flow to common emitter terminal S 

·_via transi~tor 103,- and produce a aignal voltage at the. 

· n~de NC. Thie signal Yoltage can be used tc drive tran­
sistor 102. such that its colleclcr current and the current 

flowing· to .common emitter terminal 3 are substanttalty 
symmetr\caL 

Although the double-balanced mixer circuit pre­
sented in Figura 7, can operate at lower supply voltages 
than the circuits of Figures 3 to 6, it may exhibit a higher 
favsl ot _spurious signals at the asymmetrical input 1er· 
minaJ Al and in lhe mixer output voltages across imped-

. ?ances 5 and 6 respectively. Such spurious signals orig· 
inj:i1e from an oscillator signal applied at terminals 1 and 

2, producing a residual signal at the common em it tar t er· 
manals ~and 4, substantiaHy composed oi the second 
tiar~onic of the oscillator signal. In the circuits shown 
in Figures 3 to 6 1 lransistcr 101 is arranged between the 
cammon emlnerterminal 3and the node NC. Transistor 
101 prevents, to a large extent, a cross-talk of rhe resid­
ual signal at the common emitter terminal 3 to the node 
NC. In lhe circuit shown in Figure 7, however, there will 
be lhlle cross-talk anenuatton of lhe residual signal to 
the node NC. Such an unwan1ed residuaJ signal at node 
NC, may rurthat cross-ta'k to the asymmetrical \nput ter­
minal Al. Moreover. it also modulates the coltector cur­
rent o1translslor102 and consequentty produces a par­
asilic component in the mixer ou,put vollage. · 

While S embodiments are shown and described to 
clartfy the invention, a parson skilled in lhe art may con· 
ceive many other allemative embodiments of a convert­

er circuit or a double-balanced mixer circuit. without de­
pe rtl ng from the spirit and the scope of the invention 

REPLACEMENT SHEEf 

G~~] 



. t~PLApjmNf SR~ 

20 11 o~~~J 
.. claim_ed. The circuitry to bias the first and the se~,..._..._...-. ..........,""""""""""""".....,_..,.. 
_tr~ns1stor, may differ f rem that in the embodiments as · 

:described. Passive currents sources, for example im-

.. pedanc·e 11 ~. or active currenl sources, for example 

transistor 105 and impedance i 15. may be us ad al\ er-. 

na11Vely. caacoee uana:iators msy be arranggd bot~oori · 
the cctlector of the first transistor and tha flral symmal­
rical output terminal. as weU es additional casc:cde tran· 

sisters between the ccUeetor of the second transistcr 

and \he second symmetrical. output terminal. Alternative 

lnpul stages can be arranged be1ween lhe asymme1~ical 

inpurterminsl Al and the node NC. 
Wha·rever in the text e circuit element is destgnatod 

as· 1impedance'. · it is to be undet9tood that this element 

may be resistive and/or inductive. For example, imped­

ances i 11 and 112 as shown in Figure 2 to 7 may com­
prise inlegra1ed induc1ors. to improve the high frequen· 

cy noise behaviour cf the circuit. Impedance 113 in Fig­

ures :3. 4 and 7 could be an inductor, baing an ewternal 

component arranged between the input pin of an inte­

grated converter circuit and signal ground. In this case 

capacitor i 3i would also be an external component 

Thus, n will be evident thal, although the convener cir· 

cuit ia very well suited for integratlon on a chip, noc au 
of its elements need lo be lntegraled. 

Furthermore. having knowledge of-the inven11on, il 
will be obvious for a person skilled in the an, that the 

·effectiveness o1 the inven1ion does net re!y on the use 
or bipolar NPN transistors as shown in the embodi­
ments. Altemative\y, field-effect lraneistors may be 

used, in which case emitter, collector and base in the 

present Application should read: source, drain and gate 
respedlvety. Furthermore. It wm be evident that the po­

larity of the transistor is of no interest: ins1ead of bipolar 

NPN or N·channel fietd eff ec1 transistor! PNP or P-chan· 
net field-effect transistors may be used. 
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In a double·balancsd mixer circuit. the symmetrical 
output terminals or the converter circuit (501, S02), 
neea not .To be alre~rly coupled ro 1tte common gmllTGar 

lerminale {:31 4} of the differential mixer uanaiator pairs. 
For example, DC·bfocking capacitors may be arranged 

between the symmetrical output termjnels and the com­

mon emitter terminals, in order to bias the differential 
I 

mixer lransis\or pairs independently from the convener 
circuit. · 

The application of a convener circuit according to 

the invention, is not limited lo double .. balanced mix.er cir­
cuits. It can also be appf;ed advan1ageou!ity in other 
types of circuitry, where a conversion of a asymmetrical 

signal into a pair of symmetrical signals is re~uired For 
example in autom;;1lic gain control (AGC) amplifiers 
comprising two diflarantial pairs as balanced voltage 

controUed current attenuators. 

- .... _ l ----. .. -- ....... ....._ ............. _ 

REPLACEMt.1\JT SHEET· 
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1. · C~nverter circuit for converting an asymmelrical in­
put signal .into a pair of substantially symmetrical 
outpu1 signal-currents, comprising a first and a sec· 
end transislo«(101. 102), the emitter of the first rran­
s is tor (1O1) being coupled to en asymmetrical inpu1 
terminal (Al). the collector of tne first trans is tor ( i oi ) 
and lhe coUeclor of tha second transistor (102) be­

ing coupled to a first and to a second symmetrical 
output terminaf {SOi, 502} respectively, character­
ized in lhat the asymmetrical l~put terminat {Al) Is 
coupied ro a node {NC) commonly coupled to the 
emitter of the first transistor (101) and to the base 
of ·the second transistor (102), the tirst and the sec­

ond 1ransistor (101, 102) ~eing arranged in com­
mon-base configuration and in common-emitter 
configuration respectlvety_ 

2. Convener circuit according 10 Claim 1. character· 
Jzad in thal a first impedance ( 11, ) ia arranged be­
tween the emitter er the first transi6tor (i oi) and the 
node (NC) and that a second impedance (1i2) is 
arranged between the amiUer of the second tran­
sistor (102) ~nd siynet ground. 

3. Converter cjreuit according to Ctaim 2, character­

ized in that an input stage (103) Is arranged be­
tween the asymmetrical input terminal (Al) and the 
node (NC) 

4. Converter circuit accordlng to Claim 1, 2 or 3. char­

acterized in 1ha1 a caacode tranaietcr (104} in cQm­
mcn base configuration is arranged between the 
coHecror of the second transistor ( i 02) and the sec­
ond symmetrlcal ou1put terminal {502). 
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· 5. .Convener circuit according to Claim 1. 2. 3 or 4, 

. ch~uac~erized in that a DC-blocking capacitor (130) 
is arranged between the node {NC) and Che base of 
the second transistor (1 02). 

lfi. Convonor ctrcutr :tccoratng lo Clatm 1, 2, 3 or 4, 

ctiaraeterized in that it ccmpriaes a bias cCJnlrol loop 
(201 .. 244) comprising a first curront sensing circuit 
(201, 211} coupled to 'he first \ran sbJLor (i 01 }, a sec­
cnd current-sensing circuit. (202, 212) coupled tg 

ttte second transistor (102), a difference detection 

circuit (221, 222) With a first an~ a second liput cou· 
pied to the oU1put of the first arid the second currenl 
sensing clrcui~ respectively, lhe output ot the dilf er­
ence detection circuit being coupled to the bai:so of 
\he firsl transistor (101) vie at least one loop capac· 
ilor (240). 

7. Converter circuit according to Claim 6. charactar-
~ad in that a loop 1ransiator (240) is insened be-

1ween the output of the difference datee1icn circuit 
(221, 222} and the basa or the first transistor (101 ). 

lhs base-emitter junction of \he loop transistor (240) 
constituting s.ald \Qop caµacitcr. 

a. A double-balanced mixer circuit (100, T1-T 4) 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 di1-
f a ren1ial pair of th lrd and rourth mixer transistors 
(T3, T4} 1 Whose emitters are coupled to a common 
second amittar tgrminal (4), the bases of tha first 

and the fourth tranaia1or (T1 1 T 4) and 1h8 bases cf 

the seccnd and the third transistor (T2. T3) being 
coupled lo a common flrat and a common second 
base terminal (i, 2) respectively, between which 
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. base terminals a mi~1n9 stgnal may be appli_sd, 
. characterlsgo ln tn~t the first common emiller lsr· · 

minal (3) and that the second common emitter ter­
minal (4) are coupled to a first symmetrical output 
terminal (SO 1) and a second symmetrical outpu1 ter­
minaJ (S02) respectively, of a conv·erter circuit (100) 
according to one of the precedings Claim&. 

· ~-- . A double-balanced mixs r circuit comprising a first 
dltfer~ntial pair of first and second mixer transistor& 
(T1. T2) 1 vwhooe emitter~ oro Gouplcd to a firat com­
mon emitter terminal (3), a second dl1ferentiat pair 

ct third and fourth mixer transistors lT~. T4), whose 
emitters are coupled to a secQnd common emitter 
terminal (4), the bases of Iha first and the fourth 
transistor (T1 . T 4) and the bases of the second and 

the ltiird tranaie1or (T2, T3) being coupled to a first 

common and a second common base·terminal (1
1 

2) respectively, between which base terminals a 

mixing signaf may be applied, characterised in that 
an asymmetrjcal input terminal (At) js coupled to a 

node (NC) belonging to a path via which the first 
common emitter 1erminaf {3) is coupled lo the base 
of a transistor ( 102) having a collec1or \Nl'\ich is cou­
pled IQ the second common emitter terminal (4), 
said transistor ( 102) being arranged in a common­
emitter configuration. 
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ABSTRACT 

· .~ONVE~TER CIRCUIT AND DOUBLE-BALANCED MIXE~ 

The invention relates to an integratable transformer circuit for converting 

an asymmetrical input signal into a pair of symmetrical output signal currents, requiring· 

one IC connection pin only. The circuit exhibits a low input impedance combined with 

good noise, gain and intermodulation performance up to high frequencies. The 

asymmetrical input temiinal of the circuit is coupled to a node commonly coupled to the 

emitter of a-common base transistor and to the base of a common emitter transistor. 

"The common base transistor acts as non-inverting current follower~ the common emitter 

transistor as inverting transimpedance amplifier. An input signal current is transferred to 

a first symmetrical output terminal via this node and the common base transistor, 

. thereby producing a signal voltage at the node. This signal voltage modulates the 

collector current of the common emitter transistor, which· is in phase opposition with the 

input signal current an~ is transferred to the second output tenninal. 

FIG. 2 
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