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Receiver comprising a pulse count FM demodulator, and puise count FM demodulator.

| The invention relates to a receiver comprising, arranged in this order, an
input section, an M demodulator, to which a frequency-modulated input signal is applied,
and an LF section, which FM demodulator comprises a pulse shaper and a low-pass ﬁlter

“The invention also relates to such an FM demodulator.

Such a receiver is generally applicable for the reception of radio broadcast
signals and/or television broadcast signals, in which the sound is transmitted as a frequency
modulation of a carrier wave. Such an FM demodulator is suitable for general use, inter alia

‘in the receiver defined above.

Funkschau no. 15 of 1970, pp. 500-502, describes an FM demodulator for
use in a receiver, which FM demodulator comprises a pulse shaper and a low-pass filter. The
pulse shaper is used for generating a pulse of constant shape and width on at least one of the
edges of the frequency modulated signal (in the prior-art FM demodulator). This yields a
pulse train in which the time between two successive pulses varies with the modulation. The
modulation signal is obtained by filtering this pulse train with a low-pass filter. Such a pulse
count FM demodulator is substantially linear over a wide frequency range so that when it is
used in a receiver the distortion as a result of demodulation is very low in comparison with

~that in receivers comprising an FM demodulator of another type. This linearity over a wide

frequency range renders this pulse count FM demodulator suitable for use in inter alia a
multi-standard television receiver for demodulating the frequency-modulated sqund"whose
carrier frequency may have a large range of values depending on the system standard.

A drawback of a receiver comprising such a pulse count FM demodulator
is that the FM component in the output voltage of the FM demodulator is limited by the
carrier frequency of the fréquenby-modulated signal. In radios, for example, the maximum
swing is li:hited to 75 kHz at a carrier fréquency which is converted to 10.7 MHz, which

‘means that the modulation component in the output vblta‘ge is less than 0.75%. As a result,

“the demodulator is more sensitive to noise, leading to a deterioration of the signal-noise ratio

in the receiver. One possible solution_' is to reduce the intermediate frequency of the receiver,
which improves the ratio between the swing and the intermediate frequency. This requires,
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2
for example, addiﬁonal components such as a mixer and a ﬁlt_er. Another possibility of
reducing the influence of noise is to increase the pulse amplitude. However, in the case of
implementation in an integrated cit_cuit the pulse amplitude cannot be increased to a unlimited
extent because of the low supply voltage normally used in integrated circuits.

It is an object of the invention to mitigate these problems in a simple

‘manner by.providing a. recelver with a simply integrable pulse count FM demodulator, Whlch
: pr_od_uoes a significantly lower noise level on the output than attainable with the known pulse

count FM demodulator, while maintaining an acceptable ﬁnéaﬁty within a frequency range of
comparable size. _ o _ .
_ According to the invention a recexver of the type defined in the opening
sentence is characterised in that:
- the pulse shaper comprises: _
- a series arrangement of at least a load and a capacitance, which load is |
coupled to a first supply terminal,
- a switching device which charges the capacitance in a first state,
initiated by a first edge of the frequency-modulated input signal, and -
which discharges the capacitance in a second state, initiated by a second
edge following the first edge, |
- a first transistor having its base-emitter junction arranged across the .
capacitance and having its collector coupled to the first or a second supply -
terminal, - _ . . _
- output means for generating an output signal which varies with the
current through the capacitance, . _
- the charging time and the discharging time of the capacitance are smaller than the minimum
time between two suécess_ive_e_dges of the fréquency-modula_ted input sxgnal
_ The invention is based on the recognition of the fact that the voltage |

across a capacitance can be measured with minimal noise by arranging a base-emitter

| junction of a single transistor directly across the capacitance, which transistor is turned on as

soon as the voltage exceeds a limit value. _

When this step is applied the chargmg time of a capacitance can be
limited accurately by means of a constant chargmg characteristic by interrupting the: chargmg
cutrent of the capacitance at the instant at which the trans1sto; is turned on, by diverting this

current via the collector-emitter path of the transistor. This provides a pulse of accurately
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defined pulse width and alow noise level. Such a pulse can be used advantageously in a
pulse courit FM demodulator, which enables a receiver to be realised which has an improved
signal-noise ratio in comparison with a receiver comprising said known FM demodulator.

A preferred embodiment of such a receiVer is characterised in that:

- the capacitance has a first and a second terminal coupled to the first supply terminal via the

first and a second load, respecuvely,
- a second transistor has its base-emitter junction arranged across the capacitance in a

" direction opposite to that of the first transistor,

- the collectors of the first and the second transistor aré jointly coupled to the first supply
terminal, ' , |

- the switching device connects the first terminal or the second terminal of the capacitance to
the second ‘supply terminal in the first state and the second state, respectively,

- the output means generate an output signal which varies with the current through at least
one of the first and second transistors and first and second loads.

This yields a symmetrical pulse shaper whose output pulse width is insusceptible to residual
charges in the capacitor. Since two transistors have been arranged across the capacitance the
current through at least one of the two transistors can be used to control the output means. In
addition, the symmetrical construction enables an improved efficiency to be obtained because
now a pulse is generated on both the rising edge and the falling edge in each period of the
input signal. |

A simple yet practical embodiment of such a receiver is characterised in

‘that the switching device coniprises a first differential amplifier with third and fourth emitter-

coupled transistors, having

. - the common emitter line coupled to the secoﬁd supply terminal, the collector of the third

and the fourth transistor bemg coupled to, respecuvely, the second and the first termmal of

~ the capacitance,

- the mputs coupled to the frequency-modulated symmetncal input signal. _
| A further embodiment is characterised in that the first and the second load

comprise the collector-emitter path of a fifth and a sixth transistor, respectively, which fifth

and sixth transistors have their collectors coupled to the first siipply terminal vig a first

resistor. . , '

Third, fourth, fifth and sixth transistors form a bridge arrangement by means of which the

current through the capacitance can be sw1tched over. Owing to this arrangement only a

smgle resistor instead of the two loads are connected to the capacitance in each state of the
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switching device, which r_educe_s_ the noise in the capacitance voitage and the influence of
noise on the output pulse width. 'I_‘his yields an improved signalfnoise ratio in the receiver.
The voltage across the first résistor can be used as an output voltage of the pulse shaper,
which enables a simple rmplementauon of the output means. | _

A further embodiment of the receiver, which renders the charging and the

dxschargmg time mdependent of the supply voitage, i is charactensed in that a current source

is arranged in the connecnon of the switching devrce with the second ‘supply terminal.
The inclusion of a reference curren_t source d_efin.es the charging and the discharging current
independently of the supply voltage, so that noise on the supply voltage will not affect the
charging and the discharging time. |

_ Another simple embodiment of a receiver is characterised in that:
- the capacitance has a first and a second terminal coupled to the first supply terminal via the
first and a second load, respecnvely,
- a second transistor has its base-emmer Juncnon arranged across the capacitance in a

direction opposite to that of the first transistor, _
.' - the collectors of the first and the second transistor are Jomtly coupled to the second supply

terminal,

- the switching devrce couples the first termmal or the second ternunal of the capacitance to
the second supply terminal in the ﬁrst_ state and the second state, respectively,

- the output means generate a signal which varies with the current through at least one of the

- first and second transistors.

A practical embodiment of such a receiver is characterised in that the
switching device comprises a fifth and a sixth transistor, which fifth and sixth transistors
have their collectors coupled to the second supply terminal and their er_nitters to, respectively,
the first and the second.te_rrninal of the capacitance. | _ -

An embodiment which radiates less interference 1s characterised _in_t_hat the

pulse shaper comprises a yo_l_tag_e-transient_ compensation circuit whose output voltage is

- added to the switching voltages on the bases of fifth and sixth transistors, with which

- a first voltage difference .i:s imposed between the base of the fifth transistor immediately
before and the base of the sixth transistor immediately after the transition from the first to.

the second state,

- - a second voltage dift__'erence is imposed between the base of the fifth transistor immediately

after and the base of the sirlth transistor immediately before the transition from the second to

the first state,
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the first and the second vql_.ta_ge difference substantially cbr'fesponding to the capacitance

. voltage appearing during the first and the second switching operation.
~ This step eliminates common-mode voltage transients across the _cépacitance. These voltage

transients occur during S\_witching and may adversely affect other circuits by coupling via
parasitic capacitances. | | | | | |
" An advantageous embodiment of an FM demodulator in accordance with
the invention, comprising a pulse shaper, is characterised in that it is implemented as an
integrated circuit in a semiconductor material and comprisés: |

- a series arrangement of at least a load and a capacitarice, which load is coupled to a first

- supply terminal, _
- - a switching device which charges the capacitance in a first state, initiated by a first edge of

the frequency-modulated input signal, and which discharges the capacitance in a second state,
initiated by a second edge following the first edge,

- a first transistor having its base-emitter junctidn arranged across the capaci.tance and having
its collector coupled to the first or a second supply ténninal, _

- output means for supplying an outpht signal, which output signal varies with the current
through the capacitance, to an output terminal intended to have a low-pass filter cdupl’ed
thereto, | _

the chargirig time and the discharging time of the capacitance being smaller than the
minimum time between two successive edges of the frequency-modulated input signal.

_ The invention will. now be described in more detail with reference to the
Figures shown in the drawings, in which corresponding elements bear the same references.

. In the drawings:
25

Figure 1 shows a receiver in accordance with the invention,
Figure 2 shows a pulse shaper for use in a receiver in accordance with the
invention, | _ o
Figure 3 shows signals appearing in the pulse shaper, |
Figure 4 shows a' symmetrical version of the pulse shaper, _
Figure S shows a symmétrical low-noise version of the pulse shaper, and

Figure 6 shows an alternative symmetrical version of the pulse shaper.

Figure 1 shows a receiver in accordance with the invention. The receiver .
comprises, in this order, an input section 1, an FM demodulator 2, and an LF section 3,
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which serves for further signal processing The FM demodulator receives a frequency- |

_ modulated input signal. The FM demodulator 2 is of the pulse count type and for this

purpose it compnses, in th1s order, a pulse shaper 4 and a low-pass filter 5. The pulse shaper
4 generates a pulse of accurately deﬁned shape upon a nsmg and/or falling edge of the input
signal of the FM demodulator. The spacmg between two successive pulses is dictated by the

| instantaneous frequency of the frequency-modulated input stgnal The modulation signal is
obtained by integrating the pulses ina low-pass ﬁlter 5. The uniformity of the pulses, i.e. the

accuracy with which the pulses are formed deﬁnes the lmeanty of the FM demodulator.
This means that the pulse duranon should be as constant as pOSSIble

~ Figure 2 shows dtagrammatwally a pulse shaper for use in a receiver in
accordance with the invention. The pulse shaper compnses a series arrangement of a load 40
and a capacnance 41, coupled toa supply terminal 11. The pulse shaper further comprises a
switching device 42 formed by switches 55 and 56. The sw1tch 55 is arranged between the

~ capacitance and the supply terminal 12 and the sthch 56 is arranged across the capacitance.

The base-emitter Juncuon of the transistor 43 is also connected across the capacitance 41. In

the present case the load 40 also constitutes the output means 44 across which the pulse is

avallable as a voltage.

The operatton of the pulse shaper shown in Flgure 2 will now be
explained with reference to the waveform dlagram in Figure 3. This Figure shows, as a
function of time, the voltage 30 representmg the frequency-modulated input signal, the
voltage 31 across the capacttance 41, and the voltage 32 across the resistor 40. In a time
interval 1 the switching device 1s in a first state and in a time interval II the switching device
isin a second state. In the ﬁrst state I the switch 55 is closed and the switch 56 is open. The
capacitance is now charged unul the base-emitter junction of the transistor 43 becomes
conductive. The chargxng current of the capacttance 41, wh1ch flows via the resistor 40, will

~-now be interrupted and the current will be taken over by the transistor 43. The voltage

across the capacitance is limited to the value of the voltage of a conductive base-emitter
junction, which voltage value will be referred to heremafter as Vbe. In the second state II the
switch 55 opens and the switch 56 closes, so that the capacltance 41 is dtscharged ‘The
second state II is followed by a first state I, so that the charging and the discharging cycle
are repeated. On each nsmg edge of the input signal 30 a pulse is generated across the
resistor 40, which pulse has an accurately defined duration dtctated by'the charging
characteristic of a capacltance which is charged from a voltage source (the supply voltage)
via a resistor. The duratlon of the pulse is determmed by the instant at which the transistor

4
.
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43 is turned on and furtf'iéi-"-‘depends on the value of the s‘iiﬁply voltage, the magnitude of the
resistor 40 and the magnitude of the capacitance 41. Since these values and magnitudes are

~ not variable the instant at which the transistor 41 is turned on will not vary and will therefore

be accurately defined. This yields a pulse whose duration is. measured and limited by only
one element: the transistor 43. Owing to the small number of components and the single
measurement transistor 43 this pulse is generated with minimal noise. The time interval in
which the capacitance is charged until the transistor 43 limits the voltage should be shorter
than the time interval between two successive edges of the input signal because otherwise the

~ pulse duration will no longer be independent of the input signal but will be limited by the

instant of changing over from the second state to the first state. The discharging time should
also be shorter than the time interval between two successive edges of the input signal in
order to prevent the discharging time from being influenced by a residual voltage across the
capacitance. This residual voltage occurs because in practice the switch 56 will have an
ohmic resistance, as a result of which the capacitance will not be discharged to the full
extent. For effectively mihimising the residual voltage the discharging time, which is
determined by inter alia the resistance of the switch 56, should be sufficiently small.

Thus, one pulse is generated for each penod of the input signal. The time
between two successive pulses is inversely proportional to the instantaneous frequency of the
input signal 30. Integration of the pulses in the low-pass filter 5 following the pulse shaper 4
will yield a voltage which is proportional to the instantaneous frequency.

- It is possible for the switch 55 in Figure 2 to remain permanently-closed.

As a result, the series arrangement of the load 40 and the capacitance 41 is disposed directly

between the supply terminals 11 and 12. The output means may now be constituted, for
example, by a logic AND gate ha_ving a first input to which a voltage proportional to the

-current through the collector of the transistor 43 is applied and a second input to which the

voltage 30 is applied. . .
Another version of the pulse shaper can be realised by reversmg the
polarity of the supply voltage and the orientation of the base-emitter junction of the transistor
43 in Figure 2. The collector of ‘the transistor 43 should now be coupled to the supply
terminal 12 of the power supply. The output means 44 may again eompn'se an AND gate as

-described above. A symmetrical version of such a puIse shaper is shown in Figure 6.

Figure 4 shows a symmetrical version of the pulse shaper for use in a

: recelver in accordance with the mvennon, compnsmg a pulse count FM demodulator. The

pulse shaper comprises a capacitance 41 across whxch the base-emitter paths of the transistors
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43 and 46, which are arranged in anti-parallel, are corinected. The collectors of the

transistors 43, 46 are cOm'mdned at the supply terminal 11 via a first output resistor 54. The

* capacitance 41 is arranged between the collectors of emitter-coupled transistors 47 and 48,

which have a current source 52.coupled to the common emitter line. A second output resistor

- 51 couples the collectors of the transistors 47, -'48 to the"snppl'y'terminal 11 via respective

load resistors 45, 40. A symmetrical frequency-modulated input signal for the FM

~ . demodulator is applied to-the bases of the ﬁtransistors-'47_ and 48.

10

15

20.

25

The present pulse shaper operates as follows. In a first state I the
transistor 47 conducts and the transistor 48 does not conduct owing to a rising edge of the
input signal. As a result, the current source 52 is connected to the resistor 45. A current

through the resistor 45 requires a voltage drop across th,is-résiétor. Since the capacitance and |

the resistor 45 are disposed in parallel with the resistor 45 ‘this voltage drop will be opposed
by the voltage across the capacitance, which has been charged oppositely in the previous

- state. As a result, the current will flow primarily through the capacitance (and consequently

through the resistor 40) at the be_ginhing of the first state. As the voltage across the -
capacitance increases the current through the resistor 45 will also be able to increase and the
current will be taken over gradually by the resistor 45. Charging continues until the base-
emitter junction of the tra'nsistOr 43 is turned on, céusing' the current to flow via the
collector-emitter path of the transistor 43, the voltage across the capacitance being limited to
an accurately defined value by the base-emitter junction of the transistor 43. This situation
continues until the circuit is set to a second state II m respornise to a falling edge of the input
signal. As a result, the transistor 47 is turned off and the transistor 48 is turned on. The R
capacitance 41 is now dischérg’ed or charged oppositely in a2 manner similar to that in the
first state, until the base-emitter junction of the transistor 46 becomes conductive. As a
result, discharging of the capacifance"Al is discontinued and the current is taken over by the
transistor 46. Both in the first state and in-the second state charging/discharging of the
capacitance 41 proceeds until the voltage across the capacitor has become so high that a base-
emitter junction becomes conductive. The charging time is thus determined by the

- capacitance value, the value of the current of the current source 52, the resistance ‘values of

30

the resistors 40 and 45, and the voltage value Vbe at which a base-emitter junction becomes
conductive. Thus, the pulse duration is defined accurately and with minimal noise because
the end of the discharging time is determined by only one transistor connected directly across
the capacitance. The current through the capacitance 41 is pulse shaped, its pulse width and
height being known précisely. A signal'co}responding to the current through the capacitance
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_ is available across the: resxstor 51 and - in mverted form across the resistor 54 The resxstor

54, the resxstor 31, or both re51stors may now be regarded as the output means 44 which
generate a voltage varying with the current through the capacitance 41. Since both the
charging and the discha:ging current of the capacitance 41 ﬂow through the resistor 51 two
pulses of constant width and height will appear across the reslstor 51 dunng one full period

_ of the mput signal. Two pulses per period will also appear across the resistor 54. The output

51gna1 may also be taken from the loads 40 and/or 45, although only one pulse per period
appears across these loads because only the charging current or the discharging current flows
through the resistor 40 and the resistor 45, respectively. Depending on the location where the

output signal is to be read out the resistor 51 and/or the resistor 54 may be dispensed with, if

desired. . |

Figure 5 shows.a symmetrical low-noise version of the puise shape_r;
Figure § ‘shows that the same elements as in Figure 4 are used for the pulse shaper. The
resistors 40 and 45 have been replaced by transistors 49 and S0. These transistors are
controlled in such a manner that in a first stet_e of the circuit the transistors 47 and 49
conduct and the transistors 48 and 50 do not conduct and in a second state of the circuit the
transisto_rs 47 and 49 conduct and the transistors 48 and 50 do not conduct. This has the

| - advantage that in each state only a single resistor 51 is coupled to the capacitence 41, in

20

25

30

contrast with at least two loads/resistdrs_ 40,' 45 in Figure 4. As a result, the noise caused by
the resistors in Figure S is lower than the noise in Figure 4. The addition of the transistors
49 and 50. also results in the current through the capacitance being switched over and the
current not being divided between two resistors. As a consequence, the charging and
discharging time is now determined exclusively by the capacitance value of the capacitance

_ 41, by the value of the current of the current source 52 and by the voltage value Vbe at

which the base-emitter junction of the transistor 43 or 46 becomes conductive. |
The pulse shaper is driven by the circuit comprising the transistors 55, 56,

60, 61, the resistors 57, 58, 62, 63 and the current sources 59, 64, 65. The emitter-coupled

transistors 55 and 56 form a differential peir having a current source 59 coupled to their

‘common emitter line. The collectors of the transistors 55 and 56 are coupled to the supply

terminal 11 via respective resistors 57 and 58. The transistors 60 and 61, which have their

~ emitters coupled to respeetive current sources 64 and 65 via a resistor 62 and 63,

respectively, now form emitter followers coupled to the co!lecibr of the transistor 55 and 56,
respectively. In the present case the resistors 62 and 63 function as level_ shifters. The pulse
shaper is driven by connecting the emitters of the transistors 61 and 62 to the bases of the |
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transistors 49 and 50, respectively, and by connecting the current sources 65 and 64 to the
bases of the transistors 47 and 48, respectively. This conﬁguratton provrdes a high degree of
umformrty as regards the switching instants of the transistors 47 to 50.

Since the termmals of the capacitance 41 are voltage-driven via the
trans1stors 49 and 50 a common-mode voltage transrent will appear across the capacitance 41

'dunng the change-over from the first to the second state and vice versa. For example, in the

first state the transxstor 49 w1ll conduct and the emttter of the transistor 49 will be at a fixed -
voltage Eventually, at the end of the first state the emitter of the tranststor 50 will be at a

voltage equal to the emitter voltage of the transrstor 49 minus one Vbe. During the transition

from the first to the second state the transxstor 49 i 1s now tumed off and the transistor 50 is

turned on, so that the emitter voltage of the transrstor 50 is raised by the swrtchmg voltage

on the base of the transistor 50, which switching voltage is equal to the base voltage of the

~ transistor 49 dunng the ﬁrst state Asa result voltage rise equal to one Vbe will appear at |

the terminals of the capacrtance 4], Partxcularly in an mtegrated circuit these voltage
transients will be transferred to other clrcurts in the same senuconductor matenal via
parasmc capacitances, wluch may adversely affect these c1rcmts Therefore, a voltage-

 transient compensation ctrcutt 6 has been provrded which substantially eliminates these

voltage transients. The voltage-transrent compensatron circuit 6 imposes a voltage difference
between the base of the transxstor 49 xmmedtately before and the base of the transistor 50
1mmed1ately after the transmon from the first to the second state and between the base of the

| transistor 49 1mmed1ately after and the base of the transistor 50 xmmedrately before the

transition from the second to the ﬁrst state. For an effectwe compensation this voltage
difference should be equal to the mstantaneous capacttance voltage, which is equal to one
Vbe. For this purpose the verston shown m thure 5 compnses an additional differential pair

formed b by the transxstors 66 and 67 whose emrtters are Jorntly coupled to ‘the current source

70 via respectxve emttter degeneratxon resrstors 68 and 69. The collectors of the transistors
66 and 67 are coupled t0 the collectors of the transistors 55 and 56, respectively, and the
bases of the transistors 66 and 67 are coupled to the collectors of the transistors 47 and 48,
respectively. The gain of the dtfferentlal pair compnsmg the transmtors 66 and 67 is now

unity by giving the reststors 68 and 69 substantrally the same values as the resistors 57 and
58. At the instant of sw1tch1ng over from the first to the second state thls results in a voltage
difference equal to half the capacltance voltage bemg added to the base voltage of the

'_ transxstor 60 and being subtracted from the base voltage of the transistor 61, which provides

compensatron for the voltage transrent across the capacxtance 41. When changing over from
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the second state to the ﬁrst state the same happens as descnbed above, the only difference
being that the sign of the capacitance voltage is reversed

Figure 6 shows an alternative version of a symmetrical pulse shaper. This
version comprises a capacitance 41, across which the base-emitter paths of the transistor 43
and 46, which are arranged in anti-parallel, are connected. 'fhe collectors of the transistors
43, 46 are jointly coupled to the supply terminal 12 vig a first output resistor 54. The _
capacitance 41 is arranged between the emitters of the transistors 49 and 50, whose collectors
are connected to the supply terminal 12. The symmetrical frequency-modulated input signal
for the FM demodulator is applied to the bases of the transistors 47 and 48. In Figure 6 the
polarity of the supply terminals 11 and 12 has been reversed in comparison with the situation
in Figure 4. _ |

In the first state I the transistor 49 will conduct and the transistor 50 will
not conduct. As a result of this, the capacitance is charged via the transistor 49 and the load
45 until the voltage across the capacitance has become so high that the transistor 53 is turned
on. The current through the capacitance 41 is now taken over by the transistor 43. In the
second state the transistor 50 will conduct and the transistor 49 will not conduct, the

- capacitance 41 being charged oppositely until the transistor 46 is turned on and takes over

the current through the capacitance. In both states a voltage is produced across the resistor
54, which voltage forms the complement of the current through the capacitance; if the

‘capacitance 41 is charged no current will flow through the resistor 54 and if the capacitance

has been charged and the voltage across the capacitahce is limited a current will flow through
the resistor 54. The resistor 54 forms the output means 44. Since the pulse shaper is driven
at the bases of the transistors 49 and 50 there will also be voltage transients in the present

_ circuit, which transients can be compensated for by means of a voltage transient

compensation circuit 6 as shown in Figure 5. _

To those skilled in the art it will be obvious that variants which basically
correspond to the invention are possible. For example, there are differeht possibilities of
driving the bridge arrangement in Figure 5. The loads 40 and 45 in Figure 6 may also be
constituted by current sources. Moreover, it is possible to implement the circuits in MOS
technology, in which case the base, emitter and collector should be replaced by the gate,
source and drain of the MOS transistor. The circuits can also be constructed by means of
transistors of opposite conductivity types. Besides, if desired, one or more diodes may be
arranged in series with the base-emitter path of the transistor 43 and/or 46 without departing
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from the scope of the invention. In additiox_l, the frequency-modulated input signal may be.
limited in amplitude, although this is not essential for the invention.
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1.. -' A receiver comprising; arranged' in this order, an input section (1), an FM
demodulator (2), to which a frequency-modulated input signal is applied, and an LF section
(3), which FM demodulator (2) compnses a pulse shaper 4)and a low-pass filter (5),
charactensed in that
- the pulse shaper (4) comprises: _
- a series arrangement of at least a load (40) and a capacitance (41),
which load (40) is coupled to a first supply terminal (11),
- a switching device (42) which charges the capacitance (41) in a first
 state, initiated by a first edge of the frequency—modulated input signal, and
which discharges the capacitance (41) in a second state, mmated by a
second edge following the first edge,
- a first transistor (43) having its base-emitter junction arranged across the
capacitance (41) and having its collector coupled to the first (1 1) ora
second (12) supply termmal
- output means (44) for generating an output SIgnal which varies with the
current through the capacitance (41), '
- the charging time and the dxschaxgmg time of the capacitance (41) are smaller than the
minimum time between two successive edges of the frequency-modulated input signal.

. 2. A receiver as claimed in Claim 1, characterised in that

- the capacitance (41) has a first and a “second terminal coupled to the first supply terminal
(11) via the first (40) and a second (45) load, respectively, |

- a second transistor (46) has its base-emitter junction arranged across the capacitance (4_1) in
a direction opposite to that of the first transistor (43),

- the collectors of the first and the second transistor (43, 46) are Jomtly coupled to the first
supply terminal (1 1),

- the switching devxce (42) connects the first terminal or the second terminal of the
capacitance (41) to the second supply terminal (12) in the first state and the second state,
respectively, | '
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- - the output means (44) generate an output sxgnal which vancs with the current through at

least one of the first and second transistors (43, 46) and ﬁrst and second loads (40, 45).
3. A receiver as claimed in Claim 2, characterised in that the switching
device (42) comprises a first differential amplifier with third and fourth emitter-coupled
transistors (47, 48), having

~ - the common emitter line coupled to the second supply termmal (12), the collector of the
~ third (47) and the fourth (48) transnstor bemg coupled to, respectlvely, the second and the

first termmal of the capacxtance 4 1),

- the mputs coupled to the frequency-modulated symmetncal mput slgnal _

4. A receiver as claimed in Claim 3, characterised in that the first and the
second load (40, 45) comprise the'coll'ector-enlitter path of a fifth and a sixth transistor (49,
50), respecuvely, which ﬁfth and sixth transxstors (49, 50) have their collectors coupled to
the first supply temunal (1) viaa ﬁrst rcsrstor (51). _ ,

3. A recclver as claimed i in Claim 2,3 o0rd4, characterised in that a current

source (52) is arranged in the connection of the sthchmg dev1ce (42) with the second supply
terminal (12). ' '
6. ' A recewer as clalmed in Claim 1, characterised in that:

- the capacmnce (41) has a first and a second terminal coupled to the first supply terminal

(11) via the first (40) and a second (45) load, rcspecnvely,

- a second transistor (46) has its base-emmer junction arranged across the capacitance (41) in
a direction opposite to that of the first transistor (43),

- the collectors of the ﬁrst and the second transistor (43, 46) are Jomtly coupled to the
second supply terminal (12),

- the swrtchmg device (42) couples the first termmal or the second terminal of the
capacitance (41) to the second supply terminal (12) in the first state and the second state,
respectively, | : | |

- the output means (44) generate a signal which varies with the current through at least one
of the ﬁrst and second transistors (43 46) _ |

7. A receiver as clatmed in Claim 6, charactensed in that the switching
device (42) comprises a fifth and a s1xth transistor (49, 50), which fifth and sixth transistors
have their collectors co'upl__e_d_ to the second supply terminal (12) and their emitters to,
respectively; the first and the second t&minal of the capac_i_tance (41)._
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8. A receiver as claimed in Claim 4 or 7,:characterised in that the pulse
shaper (4) comprises a voltége-transie_nt compensation circuit (6) whose output voltage is

- added to the switching voltages on the bases of fifth and sixth transistors, with which

- a first voltage difference is imposed between the base of the fifth transistor (49)
immediately before and the base of the sixth transistor (50) immediately after the transition
from the first to the second state,

- a second voltage dxfferenpe is imposed between the base of the fifth transistor (49)
immediately after and the base of the sixth transistor (50) immediately before the transition
from the second to the first state, ' .
the first and the second voltage difference substantially corresponding to the capacltance
voltage appearing during the first and the second switching operation.

9. An FM demodulator comprising a pulse shaper (4), characterised in that it
is implemented as an integrated circuit in a semiconductor material and comprises:

- a series arrangement of at least a load (40) and a capacitance (41), which load (40) is
coupled to a first supply terminal (11),

- a switching device (42) which charges the capacitance (41) in a ﬁ.rst state, initiated by a
first edge of the frequency-modulated input signal, and which dlscharges the capacitance (41)
in a second state, initiated by a second edge following the first edge,

- a first transistor (43) having its base-emitter juhction arranged across the capacitance (41)
and having its collector coupled to't'he first (11) or a second (12) supply terminal,

- output means (44) for supplying an output signal, which output signal varies with the
current through the capacitance (41),.to an output tenninal intended to have a low-pass filter
(5) coupled thereto,

. the charging time and the dxschargmg time of the capacitance (41) being smaller than the

minimum time between two successive edges of the frequency—modulated input signal.



