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(54) All-pass circuit arrangement

(57) An “all-pass’’ circuit for use, for
example, as a delay section in an
integrated circuit, and which should
therefore be as simple and as little
susceptible to production spreads as
possible, comprises first and second
long-tailed pairs of transistors (1,2 and
3, 4 respectively). The pairs are
interconnected to form a gyrator having
first and second ports (24 and 25
respectively). The first port is loaded by
afirst capacitor (17) shunted by a
damping resistor (22) and the second
port is loaded by a second capacitor
{18). An input terminal (20) is coupled to
the first port via one transistor (1) of the
first pair, and the first port is coupled to

an output terminal (21) via both
transistors (3, 4) of the second pair. A
portion of the input signal is added to
the output signal in a suitable phase via
a second resistor {23) which connects
the emitter of an input emitter follower
(20) to the emitter of a, grounded-base
transistor (32) the collector of which is
connected to the output terminal (21).
The value of the second resistor is
chosen so that the arrangement
constitutes an “‘all-pass”’ circuit. If
desired the collector connections of the
transistors of the first pair may be
interchanged provided that those of the
transistors of the second pair are also
interchanged. Transistors 26, 32 may be
omitted, the second resistor then being
connected between the, or additional,
emitters of the transistors 1 and 4.
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GB 2108345 A 1

SPECIFICATION
All-pass circuit arrangement

5 Thisinvention relates to a circuit arrangement
comprising a first long-tailed pair of first and second
transistors, a second long-tailed pair of third and
fourth transistors, a first load impedance connected
to the output electrode of one transistor of the first

10 pair, second and third load impedances connected to
the output electrodes of the third and fourth transis-
tors respectively, a first coupling from said first load
impedance to the control electrode of one transistor
of the second pair, a second coupling from said

15 second load impedance to the control electrode of
said second transistor, first and second capacitive
elements connecting said first and second couplings
respectively to a reference potential point so thata
first voltage-to-current converter including said one

20 transistor of the second pair couples said first
capacitive element to said second capacitive ele-
ment and a second voltage-to-current converter
including said second transistor couples said second
capacitive element to said first capacitive element,

25 the signal path through one of said converters
passing through only one transistor of the corres-
ponding pair so that that amplifier is inverting, the
signal path through the other of said converters
passing through both transistors of the correspond-

30 ing pair so that that converter is non-inverting, a
third coupling from a signal input to the controi
electrode of said first transistor so that a first
amplifier including said first transistor couples said
signal input to said first capacitive element, a fourth

35 coupling from a reference potential point to the
control electrode of the other transistor of the
second pair, a fifth coupling from said third load
impedance to a signal output so that a second
amplifier including said fourth transistor couples

40 said first capacitive element to said signal output,
the signal path through one of said amplifiers
passing through only one transistor of the corres-
ponding pair so that that amplifier is inverting, the
signal path through the other of said amplifiers

45 passing through both transistors of the correspond-
ing pair so that that amplifier is non-inverting, and a
resistor included in series or parallel with a said
capacitive element.

An arrangement of the kind set forth is disclosed

50 in, for exampie, an article entitled A fully integrated
five-gyrator filter at video frequencies” by K. W.
Moulding and G. A. Wilson, in “IEEE Journal of
Solid-state circuits”’, Vol. SC-13, No. 3, June 1978,
pages 303-307, particularly Fig. 7 on page 305. This

55 known arrangement operates as a band-pass fiiter:
the interconnected first and second voltage-to-cur-
rent converters constitute a gyrator circuit the two
ports of which are loaded by the first and second
capacitive elements respectively. Consequently the

60 port to which the first capacitive element is con-
nected appears inductive (because of the loading of
the other port by the second capacitive element), so

65
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that if an input signal is applied (via the first
amplifier) to the parallel combination of the first
capacitive element and the relevant port, and the
signal appearing across this parallel combination is
taken off via the second amplifier, the input/output
characteristic will have a second order band-pass
nature.

There is considerable emphasis at the present
time on constructing as much as possible of electro-
nic circuitry in integrated circuit form, in the interests
of cost reduction and reliability. Indeed, the possible
replacement of filter circuits constituted by discrete
inductors and capacitors by integrated circuits, parti-
cularly in television receivers, was the reason for the
development of the known band-pass filter. Another
television receiver component which it would be
desirable to construct in integrated circuit form is the
so-called “luminance delay line’”” which normally has
to be provided in order that the television luminance
signal be subjected to the same overall delay in the
receiver as is the chrominance signal. The luminance
delay line normally has to produce a delay of
approximately 400 nS and should, of course, have a
substantially constant amplitude versus frequency
characteristic over the entire frequency range cf the
luminance signal and a substantially linear phase
response over this range. In theory, an appropriate
so-called ““all-pass’’ network where, to permitin-
tegration, any inductance required is constituted by
one port of a gyrator circuit the other port of which is
capacitively-loaded, could have these properties. To
be successful such a network construcied in inte-
grated circuit form should contain as few circuit
elements as possible (to minimise the chip area
required) and be designed so that its overall prop-
erties are as little sensitive as possible to production
spreads occurring in the manufacture of the circuit. It

100 is an object of the invention to provide an “all-pass”

circuit arrangement which can have these features.
The invention provides a circuit arrangement

comprising a first long-tailed pair of first and second

transistors, a second long-tailed pair of third and

105 fourth transistors, a first load impedance connected

to the output electrode of one transistor of the first
pair, second and third load impedances connected to
the output electrodes of the third and fourth transis-
tors respectively, a first coupling from said first load

110 impedance to the control electrode of one transistor

of the second pair, a second coupling from said
second load impedance to the control electrode of
said second transistor, first and second capacitive
elements connecting said first and second couplings

115 respectively to a reference potential point so that a

first voltage-to-current converter including said one
transistor of the second pair couples said first
capacitive element to said second capacitive ele-
ment and a second voltage-to-current converier

120 including said second transistor couples said second

capacitive element to said first capacitive element,
the signal path through one of said converters
passing through only one transistor of the corres-
ponding pair so that that amplifier is inverting, the

The drawing(s) originally filed was/were informal and the print here reproduced
is taken from a later filed formal copy.
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signal path through the other of said converters
passing through both transistors of the correspond-
ing pair so that that converter is non-inverting, a
third coupling from a signal input to the control
5 electrode of said first transistor so that a first

amplifier including said first transistor couples said
signal input to said first capacitive element, a fourth
coupling from a reference potential point to the
control electrode of the other transistor of the

10 second pair, a fifth coupling from said third load
impedance to a signal output so that a second
amplifier including said fourth transistor couples
said first capacitive element to said signal output,
the signal path through one of said amplifiers

15 passing through only one transistor of the corres-
ponding pair so that that amplifier is inverting, the
signal path through the other of said amplifiers
passing through both transistors of the corresponc-
ing pair so that that amplifier is non-inverti..g, and a

20 resistor included in series or parallel with a said
capacitive element, characterized in that a second
resistor connects a common electrode of a transistor
included in the signal path from said signal input to
the output electrode of said first transistor to a

25 common electrode of a transistor which is included
in the signal path from the last-mentioned reference
potential point to the output electrode of said other
transistor of the second pair and which has its output
electrode connected to said signal cutput, so thata

30 non-inverting signal path exists from said signal
input to said signal output via said second resistor,
said second resistor having a value such that the
circuit arrangement constitutes an “‘all-pass” circuit
arrangement.

35 The said reference potential points may all be
constituted by the same point if desired.

It has now been recognised that an “all-pass”
circuit arrangement can be obtained by the mere
addition of a second resistor of an appropriate value

40 to a circuit arrangement of the kind set forth in the
first paragraph of this specification. As this arrange-
ment of the kind set forth has a configuration which
lends itself to simplicity and to the arrangement
being relatively insensitive to production spreads

45 (e.g. because of the employment of long-tailed pairs)
an “all-pass” circuit arrangement obtained by the
mere addition of a second resistor thereto can have
similar properties.

it should be noted that it is known (see, for

50 example, the book “Passive and Active Network
Analysis and Synthesis” by Aram Budak (Haughton
Mifflin Co) page 445) that a second-order “ail-pass”
function can be formed by subtracting an appropri-
ate constant from a second-order bandpass func-

55 tion:

SW, Q
SZ+SW/Q+W?, 2

Q S2-SW, /Q+W,2

2 S2+SW/Q+W,?

(where S =jW)
60
in other words, an all-pass network can be obtained
by shunting the signal path through a bandpass filter
having a particular quality factor Q by an inverting
amplifier having a gain of Q/2.
65 If said first coupling extends from said first load

impedance to the control electrode of said third
transistor, the said transistor included in the signal
path from said signal input to the output electrode of
said first transistor may be constituted by said first

70 transistor, and said transistor which is included in
the signal path from said last-mentioned reference
potential point to the output electrode of said other
transistor of the second pair may be constituted by
said fourth transistor. This can give a particularly

75 simple arrangement but is liable to resultin an
appreciable degree of interaction between the two
signal paths between signal input and signal output
(via the first capacitive element and via the second
resistor respectively). Such interaction can be re-

80 duced by arranging that the first and fourth transis-
tor each have a first common electrode which is
connected to the tail of the corresponding pair and a
second common electrode which is connected to the
second resistor.

85  An alternative way of obtaining reduced interac-
tion between the two paths is to arrange that the
said transistors included in the signal path from said
signal input to the output electrode of said first
transistor is constituted by a fifth transistor to the

90 control electrode of which said signal input is
connected, said fifth transistor having its common
electrode connected to the control electrode of said
first transistor, and said transistor which is included
in the signal path from the last-mentioned reference

95 potential point to the output electrode of said other
transistor of the second pair is constituted by a sixth
transistor to the control electrode of which said
last-mentioned reference potential point is con-
nected, said sixth transistor having its common

100 electrode connected to the control electrode of said
other transistor of the second pair. If this is the case
then, in the interests of symmetry, and in order to
facilitate d.c. coupling throughout (if desired), said
first capacitive element may be connected to said

105 first load impedance, said second capacitive element
may be connected to said second load impedance,
said first coupling may include a seventh transistor
having its control electrode connected to said first
load impedance and its common electrode con-

110 nected to the control electrode of said one transistor
of the second pair, and said second coupling may
comprise an eighth transistor having its control
electrode connected to said second {oad impedance
and its common electrode connected to the control

115 electrode of said second transistor.

Embodiments of the invention wili now be de-
scribed, by way of example, with reference to the
accompanying diagrammatic drawings in which:—

Fig. 1 is the circuit diagram of a first embodiment;

120 and

Fig. 2 is the circuit diagram of a second embodi-
ment.

In Fig. 1 an “all-pass” circuit arrangement com-
prises a first long-tailed pair of transistors 1 and 2

125 and a second long-tailed pair of transistars 3and 4,
common electrodes or emitters of transistors 1 and 2

being connected to the output of a constant current

source 5 via equal-value resistors 6 and 7 respective-

ly, and common electrodes or emitters of transistors
130 3 and 4 being connected to the output of a constant

o

.

v
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current source 8 via equal-value resistors 9 and 10
respectively. First, second and third load impe-
dances in the form of constant current sources 11, 12
and 13 respectively connect the output electrodes or

5 collectors of the transistors 1, 3 and 4 respectively to
a positive voltage supply terminal 14, the output
electrode or collector of transistor 2 being connected
to terminal 14 directly.

Afirst coupling 15 extends from the load impe-

10 dance 11 to the control electrode or base of transis-
tor 3 and a second coupling 16 extends from the load
impedance 12 to the control electrode or base of
transistor 2. First and second capacitive elements 17
and 18 respectively {which may be, for example,

15 reverse-biased p-n junctions) connect the couplings
15 and 16 respectively to a reference potential point
19 (earth) so that a first, inverting, voltage-to-current
converter including transistor 3 couples capacitor 17
to capacitor 18, and a second, non-inverting, vol-

20 tage-to-current converter including transistors 2 and
1 couples capacitor 18 to capacitor 17.

A signal input terminal 20 is connected to the
control electrode or base of transistor 1 so thata
first, inverting, amplifier including transistor 1 cou-

25 ples input terminal 20 to capacitor 17. A reference
potential point (earth) is connected to the control
electrode or base of transistor 4. The common point
of constant current source 13 and the output elec-
trode or collector of transistor 4 is connected to a

30 signal output terminal 21 so that a second, non-in-
verting amplifier including transistors 3 and 4 cou-
ples capacitor 17 to output terminal 21. A quality
factor Q-determining resistor 22 is connected in
parallel with capacitor 17. A second resistor 23

35 connects a second common electrode or emitter of
transistor 1 to a second common electrode or
emitter of transistor 4 so that a non-inverting signal
path exists from input terminal 20 to output terminal
21 via resistor 23. The second emitters of transistors

40 1 and 4 are supplied with suitable forward bias
currents by means of a constant current source 34
connected between earth and a centre tap on
resistor 23.

In the absence of resistor 23 the circuit of Fig. 1

45 would constitute a band-pass filter, the intercon-
nected aforesaid first inverting and second non-in-
verting voltage-to-current converters forming a
gyrator circuit across a first port 24 of which is
connected the paraliel combination of capacitor 17

50 and resistor 22 and across a second port 25 of which
is connected capacitor 18. The port 24 therefore
appears inductive to the parallel combination of
capacitor 17 and resistor 22, so that in the presence
of capacitor 17 and resistor 22 the terminals of the

55 port 24 operate as the terminals of a damped
parallel-resonant circuit. If an input signal is applied
to terminal 20 it will be applied to this parallel-reso-
nant circuit in an inverted manner via transistor 1,
and the signal across this parallel-resonant circuit

60 will be fed to output terminal 21 in non-inverted form
via transistors 3 and 4. The resonant frequency W, of
the resonant circuit is ideally given by

W, =g, (C1C2)-1/2
65

where C; and C; are the capacitances of the capaci-
tors 17 and 18 and g, is the magnitude of the
transconductance of each of the aforesaid vol-
tage-to-current converters {assuming that both con-
70 verters have transconductances of the same magni-
tude, which is not necessarily the case). If R; and R»
are the sum of the resistances of resistors 6 and 7
and the sum of the resistances of resistors 9 and 10
respectively the above expression for W, becomes
75
W, = (R4R2C1C,) ™"

At high frequencies these (ideal) expressions for W,
may be modified by the presence of parasitic
80 reactances.

The presence of resistor 23 results in a signal
proportional to the input signal at terminal 20 being
added to the output signal of the basic bandpass
arrangement at terminal 21. This signal is effectively

85 added in an antiphase manner {(because inversion
occurs in the signal path from terminal 20 to
terminal 21 via port 24) and the value of resistor 23 is
chosen so that the gain therefor from terminal 20 to
terminal 21 is equal to Q/2, where Q is the quality

90 factor of the aforesaid damped parallel resonant
circuit (equal to the ratio of the value of resistor 22 to
the reactance of capacitor 17 at the resonant fre-
guency W,,). In order to give this value of gain the
resistance R3 of resistor 23 should be chosen so that

95

R3 = 2/(W°C20.) - R1

where C, and R, are as defined previously (assuming
transistor emitter resistance can be neglected com-

100 pared with R, and R, and that the impedance of
constant current source 34 is large with respect to
Rs).

The complete arrangement therefore constitutes
an “all-pass” circuit arrangement.

105 Although the base of transistor 4 is shown, for
simplicity, as being connected directly to earth it will
in practice be connected in known mannerto a
suitable source of bias potential so that the long
-tailed pair 3, 4 is balanced in the quiescent state.
110 The d.c. level at input terminal 20 should,
of course, be chosen so that long-tailed pair
1, 2 is also balanced in the quiescent state.
Moreover, the values of resistors 6,7, 9 and 10
and the output currents of current sources 5, 8, 12
115 and 13 should be chosen so that, in the quiescent
state, the potentials at the two ends of resistor 23 are
equal. The values of the resistors 6, 7, 9 and 10 may
be in the order of, for exampie, 1 kohm. The various
“constant” current sources may be constituted, for
120 example, by high-value resistors, suitably biassed in
common emitter mode (pnp transistors for the
sources 11, 12 and 13, and npn transistors for the
sources 5, 8 and 34), or depletion mode FETs having
their gates connected to their sources (p-channel
125 FETs for the sources 11, 12 and 13), and n-channel
FETs for the sources 5, 8 and 34).

Although resistor 23 is shown interconnecting
second emitters provided on the transistors 1 and 4,
transistors 1 and 4 may, as an alternative, be

130 single-emitter transistors, one end of resistor 6 and
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one end of resistor 23 then being connected to the
emitter of transistor 1, and constant current source
34 then being omitted. Although this alternative is
_ slightly simpler than the arrangement shown more

5 interaction is likely to occur therein between the two
signal paths from terminal 20 to terminal 21 than in
the arrangement shown. The various bipolar transis-
tors may, in this alternative, be replaced by field-ef-
fect transistors.

10 !fdesired the base of each transistor of Fig. 1 may
be fed via an individual emitter follower (not shown)
having an emitter load resistor the value of which is
in the order of for example, 10 kohms. Such emitter
followers can provide d.c. level shifts where required

15 because of the d.c. couplings used. If such emitter
followers are provided resistor 23 may be connected
between the emitters of the emitter follower traasis-
tors which feed the bases of transistors 1 anc 4,
rather than between the emitters of transiciors 1 and

20 4themselves, provided that the coliector of the
emitter follower which feeds the base of transistor 4
is connected to output terminal 21. (The output
current from resistor 23 must appear at output
terminal 21). Such an arrangement is shown in Fig.

25 2, in which corresponding components have been
given the same reference numerals as their counter-
partsin Fig. 1.

The arrangement of Fig. 2 is similar to that of Fig. 1
but transistor 1 is now fed from input terminal 20 via

30 afifth, emitter-follower, transistor 26 having an
emitter resistor 27, the base of transistor 4 is
connected to the emitter of a sixth transistor 32 the
collector of which is connected to output terminal 21,
the base of which is connected to ground {in practice

35 to a source of suitable forward bias potential similar-
ly to the base of transistor 4 in Fig. 1) and the emitter
of which is connected to ground via a resistor 3,
transistor 3 is fed from capacitor 17 via a seventh,
emitter-follower, transistor 30 having an emitter

40 resistor 31, and transistor 2 is fed from capacitor 18
via an eighth, emitter-follower, transistor 28 having
an emitter resistor 29. Resistor 23 is now connected
between the emitter of transistor 26 and the emitter
of transistor 32.

45 Thearrangement of Fig. 2 operates a similar
manner to that of Fig. 1, the various emitter-follower
transistors providing d.c. level shifts where required.
Because of the changed connection points of resistor
23 the expression for its value R; in terms of certain

50 of the other parameters of the arrangement if the
arrangement is to constitute an all-pass circuit is
slightly different to that applicable to the arrange-
ment of Fig. 1. For Fig. 2 this expression becomes

55 R3 = 2/(W°CZQ)

where the various symbols have the same signifi-
cance as before.
Similarly to Fig. 1, the d.c. potentials at terminal 20

60 and atthe base of transistor 32 should be chosen so

that the pairs 1, 2 and 3, 4 are each balanced in the

quiescent state, and the values of resistors 27 and 33

should be chosen so that the potentials at the two

ends of resistor 23 are equal. Again the values of the
65 resistors 6,7, 9, 10 may be in the order of 1 Kohm,

and the values of the emitter resistors 27, 29, 31, 33
may be in the order of 10 Kohms. Again the various

“constant’”’ current sources may be constituted by
high-value resistors, suitably biassed transistors in

70 common emitter mode, or depletion mode FETs

having their gates connected to their sources, as
described for the arrangement of Fig. 1. The various
bipolar transistors shown in Fig. 2 may be replaced
by field-effect transistors if desired, and, of course,

75 all transistors may be replaced by transistors of the
opposite conductivity type if the supply potential is
reversed.

Resistor 22 may be included in series with capaci-
tor 17 instead of in parallel with it, in which case the

80 quality factor Q of the circuit will be the ratio of the
reactance of capacitor 17 at the frequency W, to the
resistance of resistor 22. As further alternatives
resistor 22 may be transferred to a pointin the
arrangement either in series with or in parallel with

85 capacitor 18, in which cases the quality factor Q of
the circuit will be the ratio of the reactance of
capacitor 18 at the frequency W, to the resistance of
resistor 22, and the ratio of the resistance of resistor
22 to the reactance of capacitor 18 at the frequency

90 W, respectively.

Instead of returning the capacitive elements 17
and 18 to earth as shown in Figs. 1 and 2 they may
be returned to another constant potential point or
points, for example to a source of suitable reverse-

g5 bias potential if they are constituted by reverse-bias-
sed p-n junctions. Obviously it is preferable in such a
case to include resistor 22 in series with, rather than
in parallel with, one of the elements 17 and 18.

The arrangement of Fig. 2 may be modified, if

100 desired, by interchanging the collector connections
of transistors 1 and 2, and interchanging the collec-
tor connections of transistors 3 and 4, so that the
collector of transistor 1 is connected to the terminal
14, the collector of transistor 2 is connected to

105 source 11, capacitor 17 and resistor 22, the collector
of transistor 3 is connected to source 13, terminal 21
and the collector of transistor 32, and the collector of
transistor 4 is connected to source 12 and capacitor
18. If this is done the signal path from capacitor 17 to

110 capacitor 18 will be non-inverting, the signal path
from capacitor 18 to capacitor 17 will be inverting,
the signal path from input terminal 20 to capacitor 17
will be non-inverting, and the signal path from
capacitor 17 to output terminal 22 will be inverting.

115 A practical arrangement constructed as described
with reference to Fig. 2 and having a quality factor Q
of 0.65 produced a delay of 160 nS and operated
satisfactorily for input signal frequencies upto 5
MHz. Obviously several such arrangements may be

120 cascaded to give greater delays than these obtain-
able with one alone.
CLAIMS

1. A circuit arrangement comprising a first long-
-tailed pair of first and second transistors, a second

125 long-tailed pair of third and fourth transistors, a first
load impedance connected to the output electrode of
one transistor of the first pair, second and third load
impedances connected to the output electrodes of
the third and fourth transistors respectively, a first

130 coupling from said first load impedance to the

"

on

£
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control electrode of one transistor of the second pair,
a second coupling from said second load impedance
to the conirol electrode of said second transistor,

. first and second capacitive elements connecting said

5 first and second couplings respectively to a refer-
ence potential point so that a first voltage-to-current
converter including said one transistor of the second
pair couples said first capacitive element to said
second capacitive element and a second voltage-to-

10 current converter including said second transistor
couples said second capacitive element to said first

capacitive element, the signal path through one of
said converters passing through only one transistor
of the corresponding pair so that that amplifier is

15 inverting, the signal path through the other of said
converters passing through both transistors of the
corresponding pair so that that converter is non-in-
verting, a third coupling from a signal input to the
control electrode of said first transistor so that a first

20 amplifier including said first transistor couples said
signal input to said first capacitive element, a fourth
coupling from a reference potential point to the
control electrode of the other transistor of the
second pair, a fifth coupling from said third load

25 impedance to a signal output so thata second
amplifier including said fourth transistor couples

said first capacitive element to said signal output,
the signal path through one of said amplifiers
passing through only one transistor of the corres-

30 ponding pair so that that amplifier is inverting, the
signal path through the other of said amplifiers
passing through both transistors of the correspond-
ing pair so that that amplifier is non-inverting, and a
resistor included in series or paraltel with a said

35 capacitive element, characterized in that a second
resistor connects a common electrode of a transistor
included in the signal path from said signal input to

the output electrode of said first transistor to a
common electrode of a transistor which is included

40 in the signal path from the last-mentioned reference
potential point to the output electrode of said other
transistor of the second pair and which has its output
electrode connected to said signal output, so thata
non-inverting signal path exists from said signal

45 input to said signal output via said second resistor,
said second resistor having a value such that the
circuit arrangement constitutes an "“all-pass” circuit
arrangement.

2. Anarrangement as claimed in Claim 1, where-

50 in said first coupling extends from said first load im-
pedance to the control electrode of said third transis-
tor, characterized in that said transistor included
in the signal path from said signal input to the output
electrode of said first transistor is constituted by said

55 first transistor, and said transistor which is included
in the signal path from the last-mentioned reference
potential point to the output electrode of said other
transistor of the second pair is constituted by said
fourth transistor.

60 3. Anarrangement as claimed in Claim 2, char-
acterized in that the first and fourth transistors each
have a first common electrode which is connected to
the tail of the corresponding pair and a second
common electrode which is connected to the second

65 resistor.

70

75

80

85

g0

95

4. Anarrangement as claimed in Claim 1, char-
acterized in that said transistor included in the signal
path from said signal input to the output electrode of
said first transistor is constituted by a fifth transistor
to the control electrode of which said signal input is
connected, said fifth transistor having its common
electrode connected to the control electrode of said
first transistor, and said transistor which is included
in the signal path from the last-mentioned reference
potential point to the output electrode of said other
transistor of the second pair is constituted by a sixth
transistor to the control electrode of which said
last-mentioned reference potential pointis con-
nected, said sixth transistor having its common
electrode connected to the control electrode of said
other transistor of the second pair.

5. An arrangement as claimed in Claim 4, char-
acterized in that said first capacitive element is
connected to said first load impedance, said second
capacitive element is connected to said second load
impedance, said first coupling includes a seventh
transistor having its control electrode connected to
said first load impedance and its common electrode
connected to the control electrode of said one
transistor of the second pair, and said second
coupling comprises an eighth transistor having its
control electrode connected to said second load
impedance and its common-electrode connected to
the control electrode of said second transistor.

6. An “all-pass” circuit arrangement substantial-
ly as described herein with reference to Fig. 1 or Fig.
2 of the drawings.
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