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Input circuits for intermediate- and high-frequency
amplifiers in part possess an asymmetrical-input”and a
symmetrical output. 'Input impedance va;ueslﬁfedominantly of
between 50 N and 300 0 are required, as used for terminating
impedances of cables or filters. Generally further
amplifier stages or selection means are connected to the

output.

Fields of application for such input circuits are, for
example, cable terminal amplifiers for wide-band
transmission channels, antenna amplifiers and IF amplifiers
with a low input impedance for matching to a preceding
filter. A further, advantageous application consists in the
initial amplification of the signals of light-sensitive
diodes. 1In a conventional solution to the problem, bipolar
transistors in a base- or grounded base circuit are used and
frequently matching-transformers. |

A solution more suitable for integration has been disclosed
in German Patent 29 46 952. In the known circuit, in a
differential stage composed of two bipolar transistors and a
current source, a third transistor is connected to the

" interconnected emitters of the two transistors, and
specifically by its emitter to the negative connection point

of the current supply or earth, by its base to the emitters
of the two transistors and by its collector to a working
resistor which leads to the positive connection point of the
current supply. Additionally, two resistors R,, R, are
connected to the colléctor of the third transistor, which
resistors lead to a respective input (A, B) of the
différential stage, i.e. to the base of the first and second
transistors respectively. In such a differential stage the
potential of the inputs is fixed at approximately two
forwards voltages via earth. If an input signal U, is
applied to the input A, the operating mechanism of this
circuit leads to the occurrence of an inverted signal -Ug, at
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the input B and the differential stage behaves as if it were
symmetrically driven with 2 U,. Here half thg'value of the
resistor R, serves as input impedance. However, this
appliés only to not too high frequencies. If the transistor
parameters become frequency-dependent, so also does the

‘input impedance. In terms of frequency response the known

circuit also has the disadvantage that it comprises an
uncompensated reaction between the outputs of the
differential stage and the inputs via the collector-base
capacitor. The noise contribution of the third transistor
also constitutes a disadvantage of the known circuit.
Although this contribution disappears when the two inputs
are connected in an identical fashion; normally this is not
possible. The noise of the third transistor contributes to
the unavoidable noise of the differential stage.

The aim of the invention is to provide an input circuit for
high-frequency amplifiers, wherein the transistor parameters
exhibit the least possible frequency dependence and wherein
the reaction from the output to the input is as small as
possible. This aim is fulfilled in an input circuit for
high-frequency amplifiers according to the invention by the
characterising features of Claim 1.

In the'input circuit according to the invention, current
requirement, noise and transmission characteristic
correspond substantially to the properties of a simple
differential stage. The input impedance is dependent upon
the current flow and therefore can also be controlled or
electronically adjusted. The frequency dependence of the
input impedance is small and the circuit possesses a
screening effect between input and output, thus enabling
substantially higher frequencies to be transmitted than in

the case of the known circuit.
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The invention will now be explained in detail in the form of
exemplary embodiments making reference to a d;awing wherein:

Fig. 1 illustrates an arrangement according to German Patent
29 46 952;

Fig. 2 illustrates an input circuit according to the
invention with a symmetrical output; -

Fig. 3 illustrates a typical transmission characteristic of
this input circuit; _ _

Fig. 4 illustrates an input circuit with controllable input
impedance and following differential amplifier;

Fig. 5 illustrates an input circuit with asymmetrical
output;

Fig. 6 illustrates an input circuit with base current

compensation.

The circuit according to German Patent 29 46 952 shown in
Figure 1 consists of the differential stage with the
transistors T1 and T2, the current source Io and the two
working resistors R3 and R4. The main effect of this
circuit is produced by the transistor T3, the emitter of
which is connected to earth, the base of which is connected
to the connection point of the emitters of the transistors
Ti, T2, and the collector of which is connected via the
working resistor R5 to the supply voltage Ug. The resistors
R1l, R2 connect the collector of the third transistor T3 to
the input terminals A, B of the differential stage, where R2
can also be 0. The transistor T3 is provided with negative
feedback wvia the tranéﬁstors T1l, T2 of the differential
stage, which in this case act as emitter followers. The
operating point of the transistor T3 is adjusted by RS in

accordance with the current.

The potential of the input terminals A, B is thus fixed. If
the input A is supplied with a voltage change U,, a change
of approximately -U, occurs at the input B. As thus 2 U,




4

falls across R1l, the input impedance at terminal A becomes
approximately R1/2. On the one hand this is an advantage of
this known arrangement since the input ;mpedance required in
accordance with high-frequency technology is produced in
floating fashion and no further measures are required for

- . supplying the second input B of the differential stage. On

the other hand, by virtue of the active generation of the
input impedance R1/2 at the input A with the cooperation af
three transistors a relatively limited frequency range
results. In an integrated design there is also no simple
means of correcting temperature dependence and scattering of
the resistance Rl. For an application at relatively hlgher
frequen01es, at approximately 10.7 MHz, the reaction from
the outputs C, D upon the inputs A, B is also a
disadvantage, for the suppression of whlch additional
measures are generally required. Finally the noise
contribution made by the third transistor to the overall
noise is not small and impairs the function of pre-
amplifier.

Figure 2 illustrates an exemplary embodiment of the circuit
according to the invention. The circuit according to Figure
2 comprises foﬁr transistors Tl ... T4 of the same

conductivity type. It is described by the following list of

connections:

Emitter Tl - emitter T2 - earth (reference node);

- Input A - base Tl - resistor Rl (can be 0);

Collector T1 - emitter T3 - resistor Rl - base T2;
Collector T2 - emitter T4;

Base T3 - base T4 - resistor R3 - resistor R4 (one of the

two can be 0);

£
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" have the same . operatlng p01nt. The operating current of allL
if}the tran51stors is identical. . A s1gna1 current Is ge e_
fffa ‘voltage’ drop R1. Is across the resistor Rl,a “f“'::
'T's1mu1taneous1y the dlfference between the two hase voltag SR
- of the first and second tran51stors T1, T2. ' The flrst and -

" Collector T3 - resistor Rj.- current soqrce I3 ﬁloutput C;

.-

Collector T4 - resistor R4 - current source T4 - output D.

The signal source'Qs, which is represented'by a voltage
source Us and the internal resistance Rs, is connected via a

coupling capacitor ck.

To describe the operating mechanism in simplified form, the
base currents can initially be ignored. It will also be
assumed that I3 = I4 and R3 = R4. 1In the rest state no
voltage then falls across Rl and the two tran51stors Tl, Tz

second trans1stors T1, T2 are supplied with the sum current
I3 + I4 + Is. This total current is divided between the
first and second transistors and forwarded into the '
transistors T3, T4, where the signal current Is is | N
subtracted again in the first transistor. The division can
be calculated with the aid of the equation of the ideal
transistor

Ic = Ico (eUBE/UT _j)

wherein Ico is the transfer residual current and UT =.kT/q
is the temperature voltage. Then an output voltage between
the output terminals C, D of

UCD = (R3 + R4) I3 + Is - a*I4
l + a

results, where a = eISR1/UT,
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Fig. 3 shows the dependence of the output voltage UCD upon -
Is for I3 = I4 = 100 #A, Rl = 5 kQ, R3 = R4 = 5 kﬂ, UT = 26

- mv (300°K). Except for a slight asymmetry egﬁsed by the
element Is in the numerator of the formula, the equation is
identical to that of the circuit according to Fig. 1. By
linearisation in the vicinity of Is = 0, where Ig = I3 + I4
and Rg = R3 + R4

the transfer impedance uco _ 1 - R1
the voltage amplification UCD _  IgRg 2 UT - IgR1
o AUA 2 UT 2 UT ¥ IgR1
. and the input impedance " Re = 2.UT _ R1 |
L L S - e. = Ig +-—2-

N are_ebtaihed,'

The caseeewherein Rl = 0 and R1 >> 2 UT/Ig are of partlcularf”
interest. The case in which R1 = 0 is illustrated in Fig.
4. The input impedance is then Re = 2 UT/Ig and can be
easily influenced by the adjustment or control of Ig’. For
this purpose a current mirror circuit with the transistors.
T8 T9 and T10 is provided which converts the current Ig’
into the two currents I3, I4. 1In order for example to
produce an input impedance of:75 1, a current I3 + I4 = 2
UT/Re = 0.33 mA at room temperature is required. This shows
that even low input impedances can be attained with a low '
current drain. The value of the voltage amplification
nevertheless corresponds te\that of the simple differential
stage or the circuit according to Fig. 1. Here the highest
cut-off frequency is also achieved. The situation in which
Rl >> 2 UT/Ig is illustrated in Fig. 2 and Fig. 5. The
| input impedance approximates R1/2 as in the known circuit
according to Fig. 1. The voltage amplification has almost
the same value as previously, but with the reverse sign.
The transfer impedance increases with R1 and likewise has a
reverse sign. The attainable cut-off frequency falls
compared to the case in which R1 = 0, but is still
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_.:substantially"higher'than in the arraﬁéqment accgrding to
Fig. 1. o

L

A further advantage of the arrangement'accbrding to the
invention consists in that the voltage of the two
interconnected bases of the third and fourth transistors T3,
T4 rélative to the reference node M is'not dependent upon

) _ the signal. Only in the event of overdriving does a

? reduction occur in this voltage.  Thus the circuit cannot be
disturbed by capacitive effects from the bases of the two
transistors_T3,-T4. In particular, as in a cascade stage,

-~ the input circuit is SCreened from the outputs ¢, p,

. With regard to the noiseﬁbehavioursit should;belndtédithaf

f{the'tWO'trénsistorS'Té,.T4'd6 not make a substantial nois
contribution as they only pass on, and do not control, the

current. The noise of the first and second transistors'Tl,}
T2 is equivalent, howevef, to the noise of a corresponding
differential stage. Thus a better noise behaviour is
achieved for the solution according to the invention
compared to the arrangement shown in Fig. 1,

In an arrangement according to Fig. 4 the electrical o i
Symmetry is somewhat disturbed by the fact that the base

ﬁy; currents of the first and'second transistors T1, T2 are
conducted across the transistor T3, while the other path
with the transistor T4 remains unloaded. This leads to a
faulty d.c. voltage between the output terminals C, D. 1If
this is disturbing, coﬁpensation can be effected with a
simulation transistor TS, which is supplied via a further
transistor T11 of the current mirror.
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.; to,the input terminal. fThe desired comgenéatioh is achieved
if approximately R6 = R5/2 is selected. ]

N SR

>4

Another Possibility of base current compensation is shown in
- Fig. 6. Here a transistor T12 -is connected by its emitter

T3, T4 and by its base to the connection point E of the two
. . resistors R3, R4, while the collector of the transistor Tiz
t - is connected to the input of a current mirror composed of
the transistors T13 and Ti4. The'output of the current
‘mirror, which is formed by the collector of the fransistor
o T14, is connected to the input terminal A. 1In this way the -
“J-_base current;of the transistors T3, T4, which is_very.;_-
:*simila? to the base current of the transistors'Tl, TZ:;is_»fﬂia
'takén”up by the transistor T1i2 and suppliéd.toffﬁéfdiféﬁifj%_” :
ﬁl-inpuﬁ via the current mirror T13, Tiq. .ﬂére no-additibﬁéi“f ;i
current is réqﬁired_as iﬁfthe arrangement shown in Fig;'4."
It can also be advantagedus that the potential of the '
outputs C, D exceeds the potential of the bases of the
transistors T3, T4 by the base-emitter voltage of the
- transistor T2, thereby facilitating a greater voltage range'
at the outputs ¢, p of the arrangement.

- The insertion of the resistor R1 according to Fig. 2 or Fig.
g¥i 5 improves the asymmetry of the currents through the

transistors T3, T4 since the voltage drop across R1 reduces -
the base-emitter voltage of the transistor Tl and thus ?
reduces its collector current. In the case of a relatively ;
larger resistance R1, however, over-compensation occurs. To i
avoid this effect it is also provided that the base of the |
Second transistor T2 be breceded by a resistor R2, as _ ;
illustrated in Fig. 5. g

The circuit according to Fig. 6 permits the outputs C, D to i
be driven more strongly because the collectors of the ;
transistors T3, T4 carry a higher potential than the




,'interconnected bases. If this property is requ;red and 1t
is poseible_to dispense with base current compensatlon, the h
transistors T13, T14 can be omitted and the collector of the

R4 and the base of the transistors T3 T4.-

to Fig. 4 wzth coupllng of a differential stage.; Dependlng'
~ upon the ratlo I3/I4 and R3/R4, asymmetrlcal drlve-ﬁand;” v
yw-potentlal condit;ons can also be set .up. ‘illust;

_tT4“opera_es only'as dlode._ The ampllfled 51gna1'then
'appears on one side at the _ftput C, while only a,rest LR
potential occurs at the output D. ' '
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Claims

1. Aan input circuit for high-frequency amplifiers with
four transistors of the same conductivity type,

- characterised in that the emitters of the first and second

transistors (T1, T2) are connected to a reference point (M),
that the base of the first transistor (Ti) forms the input
(A) of the circuit, that the base of the second transistor
(T2) is connected to the collector of the first transistor
(T1), that the collector of the first transistor (T1) is
connected to the emitter of the thirad transistor'(T3) and

-~ the collector of the second transxstor (TZ) 1s{connected to f'f
:._the emitter of the: fourth tran51stor (T4), tha ”the bases offJf
EI_the ‘third and fourth transistors (T3, T4) ére connected ‘to”
'one another and that at least one of the collectors of thej'

third or fourth tran51stor (T3, T4) is connected to a
current supply (I3, 14).

2. An input circuit as claimed in Claim 1, characterised
in that the base and the collector of the first transistor
(T1) are connected to one another.

3. An input circuit as claimed in Claim 1, characterised
in that a resistor (Rl1l) is connected between the base and
the collector of the first transistor (T1i).

4. An input circuit‘es claimed in one of Claims 1 to 3,
characterised in that the collector of the third transistor
(T3) is connected to the base of the third transistor (T3)
and the collector of the fourth transistor (T4) is connected
to the base of the fourth transistor (T4), where at least

one connection takes place via a resistor (R3, R4).

5. An input circuit as claimed in one of Claims 1 to 3,
characterised in that the collectors of the third and fourth

. % c L L] § *




:ﬁtransistors (T3, T4) are connected to a node (E), where at

least one connection takes place v1a a resistor (R3, R4),
and that the node (E) is connected via a further impedance,
for example the base-emitter path of a trans1stor (T12), to.
the bases of the third and fourth transistors (T3, T4).

6. ‘An input c1rcu1t as clalmed 1n one of Claims 1 to 5,
-characterlsed in that a res1stor (R2) is connected in series

with the base of the second transistor (T2).

7. An 1nput c1rcuit as clalmed in one of Claims 1 to 6,

ﬁiecharacterised in that at least one of the bases of the flrst _
..and second;transistors (T2, T2) is supplied w1th a current o
=ng?;wh1ch corr"sponds approxlmately to the base current l

N




