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

The Invention relates to a receiver comprising, arranged in this order, an 

input section, an FM 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. 

5 Such a receiver is generally applicable for the reception of radio broadcast 

10 

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 

15 modulation signal is obtained by filtering this pulse ttain 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 

20 multi-standard television receiver for demodulating the frequency-modulated sound whose 

carrier frequency may have a large range of vaiues 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 frequency-modulated signal. In radios, for example, the maximum 

25 swing is limited to 75 kHz at a carrier frequency which is converted to 10.7 MHz, which 

means that the modulation component in the output voltage 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 sw~ng and the intermediate frequency. This requires, 
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for example, additional components such as a mixer and. a filter. Another possibility of 

reducing the influence of noise is to increase the pulse amplitude. However, in the case of 

implementation in an integrated circuit the pulse amplitude cannot be increased to a unlimited 

extent because of the low supply voltage normally used in integrated circuits. 

It is an ~1:>j~t of the invention to mitigate. these problems in a simple 

manner by providing a feC:eiver with a simply integrable pulse count FM demodulator, which 

produces a significantly lower. noise level on .the output than attainable with the known pulse 

count FM demodulator, while maintaining an acceptable linearity within a frequency rartge of 

. 10 comparable size. 

.15 

20 

Accordipg to the invention a receiver 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~ a.first supply terminal; 

- a switching device. which charges the capacitance in .a first state, 

initiated py a first edge of the frequency-modulated input signal, and · 

which di~harges the capacitance in a second state, initiated by a second 

edge. foUowing 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, 

25 - the charging time and the. discharging time of the capacitance are smaller than the minimum 

time between two successive· edges of the frequency-modulated input signal. 

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 

30 soon as the voltage exceeds a limit value. 

When· tnis step is applied the charging time of a capacitance can be 

limited accurately by means of a constant charging characteristic by interrupting the charging 

current of the capacitance. at the instant at which the transistor is turned on, by diverting this 

current via the collector-emitter path of the transistor. This provides a pulse of accurately 

.: 



W095/28033 PCJ'IJB95J00187 

3 

defined pulse width and a.low noise lev_el. Such.a pulse c3i. be used advantageously in a 

pulse courit FM demodwator, 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: 

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

first and a second load, respectively, 

- 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 are jointly coupled to the first supply 

10 terminal, 

- the swiiching device connects the first terminal· o~ 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. 

15 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 thrpugh 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 

20 input signal. 

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

that the switching device comprises a first differential amplifier with third and fourth emitter­

coupled transistors, having 

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

25 and the fourth transistor being coupled to, respectively, the second and the first terminal of 

the capacitance, 

- the inputs coupled to the frequency-modulated symmetrical input siglial. 

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 

30 and sixth transistors have their collectors coupled to the first supply terminal via a first 

resistor. 

Third, founh, fifth and sixth transistors form a bridge ~gement by means of which the 

current through the capacitance can be switched over. Owiµg to this arrangement only a 

single resistor instead of the two loads are connected to the capacitance in each state of the 
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switching device, which reduces the noise in the capacitance voltage and the influence of 

noise on the output pulse width. This yields an improved signa1~noise ratio in the receiver. 

The voltage across the first resistor can be used as an outpu~ voltage of the pulse shaper, 

which enables a simple implementation of the outp\lt means, 

5 A further embodime1lt of the receiver, which renders the charging and the 

discharging time independent of the supply voltage, is ch~sed in ~t a current source 

is arranged in the connecti<>ll of the switching device. with the sc:cond. supply terminal. 

The inclusion of a reference current source defines the charging and the discharging current 

independently of.the supply voltage, so that nqise on the supply volrage will not affect the 

10 charging and the discharging time. 

Anoth~ siptple embodiment of a receiver is characterised in that: 

- the capacitance has a fi~t and a second terminal eoupled to the first supply terminal via the 
. . . . 

first and a second load, respectively, 

- a second transistor has its base-emitter junction manged across the capacitance in a 

15 . directi.on opposite to that<>~ the first transistor, 

- the collectors of the first lQd the second transistor are jointly coupled to the second supply 

terminal, . 

- the switching device couples the first terminal or the second terminal of the capacitance to 

the second ~upply terminal in the first state and the second state, respectively, 

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

·first and second transistors. 

A practj.cal 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 ~e second supply terminal and their emitters to. respec_tively, 

25 the first and the second . terminal of the capacitance. 

An embodiment which radiates less interference is characterised _in that the 

pulse shaper comprises a y9ltage-transient compensation circu~t whose output voltage is 

addecl 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 immediately 

30 before and the base of the ~xth transistor immediately after the transition from the ti rst to 

the second state, 

- a second voltage differen~ is imposed between the base o( the fifth transistor im.mediately 

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

the first state, 
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the first and the second voltage difference substantially corresponding to the capacitance 

. voltage appearing during the first and the second switching operation. 

This step eliminates common-mode. voltage transients across the capacitance. These voltage 

transients occur during switching and may adversely affect o~er circuits by coupling via 

5 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 comprises: 

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

10 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 

15 its collector coupled to the first or a second supply terminal, 

- output means for supplying an output signal, which output signal varies with the current 

through the capacitance, to an output terminal intended to have a low-pass filter coupled 

thereto, 

the charging time and_ the discharging time of the capacitance being smaller than the 

20 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 

25 

30 

Figures shown in the drawings, in. which corresponding elements bear the same references. 

. In the drawings: 

invention, 

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 

Figure 3 shows signals appearing in the pulse shaper, 

Figure 4 shows a symmetrical version of the pulse shaper, 

Figure 5 shows a symmetrical low-noise version of the pulse shaper, and 

Figure 6 shows an al~ernative 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 ser\tes for further signal processing. The FM demodulator receives a frequency­

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

purpose it comprises, in this order, a pulse shaper 4 and a low-pass tilter 5. The pulse shaper 
. . ·· .. 

4 generates a pulse of accurately defined shape upon a rising and/or fallliig edge of the input 
. . 

5 signal of the FM demodulator.· The spacing. between two successive pulses is dictated by the 

10 

instantaneous frequency of the freqiiency-modulated input signal. The modulation signal is 

obtained by integrating the i;>ulses in a low-pass tilter S. The uniformity of the pulses, i.e. the 

accuracy with which the pulses are formed, defines the linearity of the FM demodulator. 

This means that the pulse d~ration should be ~ con~t as passible. 

Figure 2 shows diagrammatically a· pulse shaper for use in a receiver in 

accordance with the invention. The pulse shaper comprises a series arrangement of a load 40 

and a capacitance 41, coupled to a supply· termini! 11. The pulse shaper further comprises a 

switching device 42 formed by sWitches 55 and 56. The switch 55 is arranged between the 

· capacitance and the supply terminal 12 and the switch 56 is arranged acros~ the capacitance. 

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

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

available as a voltage. 

The operation of ~e pulse shaper shown in Figure 2 will now be 

explained with reference t<> the waveform diagram in Figure 3. This Figure shows, as a 

20 function of time, the voltage 30 representing the frequency~modulated input signal, the 

voltage 31 across the capacitance 41, and the voltage 32 across the resistor 40. In a time 

interval I the switching device is in a first state and _in a time interVal II the switching device 

is in a second state. In the first state I the switch 55 is closed and the switch 56 is open. The 

capacitance is now charged un~l ~e base-emitter junction of the transistor 43 becomes 

25 conductive. The charging current of the capacitance 41, which 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 hereinafter as Vbe. In the second state II the 
. . 

switch 55 opens and the switch 56 closes, so that the capacitance 41 is discharged. The 

30 second state II is followed by a first state I, so that the charging and the discharging cycle 

are repeated. On each rising edge of the input sigital 30 a pulse is generated across the 

resistor 40, which pulse has an accurately defined duration dictated by'the charging 

characteristic of a capacitance which is charged from a voltage source (the supply voltage) 

via a resistor. The duration of the pulse is determined by the instant at which the transistor 
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43 is turned on and furttl~t··depends on the value of the sui)ply 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 ~ds a pulse whose duration is. measured and limited by only 

5 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 

10 instant of changing over from the second state ~o the first state. The discharging time should 

also be shorter than the time interval between two successive edges of the input signal in 

ord~r 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 

15 extent. For effectively minimising 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 period 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 

20 will yield a voltage whiCh is proportional to the instantaneous frequency. 

It is possible for the switch 55 in Figure 2 to remain pennanently ·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 having a first input to which a voltage proportional to the 

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

voltage 30 is applied. 

Ariother version of the pulse shaper can be realised by reversing the 

polarity of the supply vol~ge 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 

30 terminal 12 of the power supply. The output means 44 may again comprise an AND gate as 

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

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

receiver in accordance with the invention, comprising a pulse count FM demodulator. The 

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

transistors 43, 46 are commoned 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 

5 . 51 ·couples the collectors of the' transistors 47, -48 to the supply terminal 11 via respective 

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

de~odulator is applied to the bases of the :transistors 47 and 48. 

The present pulse shaper ope!'.ates as follows. In a first state I the 

transistor 47 conducts and the transistor 48 does not ~~duct owing t6 a rising edge of the 

10 input signal. As a result, the :current source 52 is connected to the resistor 45. A current 

through the resistor 45 req\lites a voltqe drop across this resistor. 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 pritnarily through the capacitanee (and consequently 

15 through the resistor 40) at the beginning 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 cantinues until the base­

emitter junction of the transistor 43 is turned on, causing the current to flow via the 

collector-emitter path of the transistor 43' . the voltage across the capacitance being ·limited to 

20 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 in response to a "falling edge of the input 

signal. As a result, the transistor 47 Is tunied off and the ti'ansistor 48 is turned on. The 

capacitance 41 is now discharged or charged oppositely iii a manner similar to that in the 

first state, until the base-emitter junction of the transistor 46 becomes conductive. As a 

25 result, discharging of the capacitance 41 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 souree 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 dischargihg 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 precisely. A signal.corresponding to the current through the capacitance 
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is available across the resistor 51 and - in inverted form -; across the resistor 54. The resistor . . . .: ~f-~t... . 'l;(~l~:.:"'. ··: .. 
54, the resistor 51, or both resistors 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 discharging current of the capacitance 41 flow through the resistor 51 two 
. ! 

5 pulses of constant width and height will appear across the resistor 51 during one full period 

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

signal 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 

10 output signal is to be rea4 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 pulse shaper. 

Figure 5 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 50. These transistors are 

15 controlled in such a manner that in a first state 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 

transistors .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 capacitance 41, in 

contrast with at least two loads/resistors 40, 45 in Figure 4. As a result, the noise caused by 

20 the resistors in Figure 5 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 

25 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 pair having a current source 59 coupled to their 

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

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

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

respectively, now form emitter followers coupled to the co~lector 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 configuration provides a high degree of 

uniformity as regards the switching instants of the transistors 47 to 50. 

Since the terminals of the capacitance 41 are voltage-driven via the 

5 transistors 49 and 50 a commoil-lllode voltage transient will appear across the capacitance 41 

·during the change-over from the frrst to the second state an~ vice versa. For example, in the 

first state the transistor 49 will conduct and the emitter of the transistor 49 will be at a fixed 

voltage. Eventually, at the end of the first state the emitter of the transistor 50 will be at a: 
: . .. . 

voltage equal to the emitter v~ltage of the transistor ~9. minus one Vbe. During the transipon 
. : . ·. : . : . 

10 from the first to the second state the transistor 49 is now turned off and the transistor 50 is 
. ·. . 

turned on, so that the emitter voltage of the transistor 50 is raised by the switching voltage 

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

transistor 49 during the first state. As a result, voltage rise equal to one Vbe will appear at 

the terminals of the capacitance 41. Particularly in an integrated circuit these voltage 
. . .. 

. 15 transients will be transferred. to oth·er cireuits in the same semiconductor material via 
. . 

parasitic capacitances, which may adversely affect these circuits. Therefore, a voltage­

trinsient ~ompensation circuit 6. has been provided, which substantially eliminates these 

~oltage transients. The voltage-transient compensation circuit 6 imposes a voltage difference 

between the base of the transistor 49 immediarely before ~d the base of the transistor 50 

20 immediately after the transition ltom the first to the second state and between the base of the 

transistor 49 immediately after and the.base of the transistor 50 immediately before the 

transition from the second. ~· the fust state. For an effective compensation this voltage 

difference should be equal· tQ the instantaneous capacitance voltage, which is equal to one 

Vbe. For this purpose the version shown in Figure 5 comprises an additional differential pair 

25 formed by the transistors 66 and. 67, whose emitters are jointly coupled to the current source 

70 via respective emitter degeneration resistor~ 68 and 69. The collectors of the transistors 

66 and 67 are coupled to 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 th~ differential pair comprising. the transistors 66 and 67 is now 

30 unity by giving the resistors 68 and 69 substantially the same values as the resistors 57 and 

58. At the instant of switching over from the first to the second state this results in a voltage 

difference equal to half the ~pacitance voltage being added· to the base voltage of the 
. . . . . 

transistor 60 and being sub~ted from the ba5e voltage of the transistor 61, which provides 
. .. :. 

compensation for the voltage transient across the capacitance 41. When changing over from 



~· .. ··, 

W095/28033 PCT/IB95/00187 

11 

the second state to the fll:~t.state the same ~ppens as d~pbed above, the only difference 
. . .. . ' :"i'1!f,•:··· 

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-e~itter paths of the transistor 43 

5 and 46, which are arranged in anti-parallel, are connected. The collectors of the transistors 

43, 46 are jointly coupled to the supply terminal 12 via a first output resistor 54. The 

capacitance 41 is arranged between the emitters of the transistors 49 and SO, 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 

i 0 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 

15 on. The current through the capacitance 41 is now taken over by the transistor 43. In the 

second state the transistor SO will conduct and the transistor 49 will not conduct, the 

capacitanc~ 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 

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

has been charged and the voltage across the capacitance 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 coini)ensated for by means of a voltage transient 

25 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 different 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 ihe circuits in MOS 

30 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 desi~, 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 addition, the frequency-modulated input signal may be 

limited in amplitude, although this is not essential for the invention. 
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Claims: 

\ 111\111 l\llll 1111\ 1\111 \I Ill\ 
* C L M S * 

1. A receiver comprising, arranged in this order, an input section (1), an F~ 

demodulator (2), to which a frequency-modulated input signal is applied, and an LF section 

(3), which FM demodulator (2) comprises a pulse shaper (4) and a low-pass filter (5), 

characterised in that 

5 - the pulse shaper ( 4) comprises: 

10 

15 

- a series arrangement of at l~t 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, initiated by a 

second edge following the first edge, 

- a first transistor (43) having its base-emitter junction arranged across the 

capacitailce (41) and having its collector coupled to the first (11) or a 

second (12) supply terminal, 

- output means ( 44) for generating an output signal which varies with the 

current through the capacitance (41), 

- the charging time and the discharging 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 

20 - the capacitanee (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 (41) in 

a direction opposite to that of the first transistor (43), 

- the collectors of the first and the second transistor (43, 46) are jointly coupled to the first 

25 supply terminal ( 11 ), 

- the switching device ( 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 signal which varies 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 Clmm 2, characterised. in that the switching 

device (42) comprises a first differential amplifier with third and fourth emitter-coupled 

5 transistors (47, 48), having 

- the common emitter line coupled to the second supply terminal (12), the collector of the 

third (47) and the fourth (48) transistor being coupled to, respectively, the second and the 

first terminal of the capacitance (41 ), 

- the inputs coupled to the frequency-modulated sym!'l~trical input signal. 

10 4. A receiver as claimed in Claim 3, characterised in that the first and the 

second load (40, 45) comprise the collector-emitter path of a fifth and a sixth transistor (49, 

50), respectively, which fifth and sixth transistors (49, SO) have their collectors coupled to 

the first supply terminal (11) via a first resistor (51). 

5. A receiver as claimed in Claim 2, 3 or 4, characterised in that a current 

15 source (52) is arranged in the connection of the switching device (42) with the second supply 

terminal (12). 

6. 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) ioad, respectively, 

20 · - a second transistor (46) has its base-emitter 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 jointly coupled to the 

second supply terminal (12), 

- the switching device (42) .coup!~ the first terminal or the second terminal of the 

25 · capacitance (41) to the second supply terminal (12) in the first state and the second state, 

respective! y, 

- 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 claimed in Claim 6, characterised in that the switching 

30 device (42) comprises a fifth and a sixth transistor (49, 50), which fifth and sixth transistors 

have their callectors couplecl to the second supply terminal (12) and their emitters to, 

respectively, the first and the second terminal of the capacitance (41). 
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8. A rece.iy~~ as claimed in Claim 4 or 7,':Characterised in that the pulse 

shaper (4) comprises a voltage-transient 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) 

5 immediately before and the base of the sixth transistor (50) immediately after the transition 

from the first to the second state, 

- a second voltage difference 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, 

10 the first and the second voltage difference substantially corresponding to the capacitance 

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 

15 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 pf the frequency-modulated input signal, and which discharges the capacitance { 41) 

in a second state, initiated by a second edge following the first edge, 

- a first transistor {43) having its base-emitter junction arranged across the capacitance {41) 

20 and having its collector coupled to the first {11) or a second (12) supply terminal, 

- output means (44) for supplying an .output signal, which output signal varies with the 

J current through the capacitance (41), to an output terminal intended to have a low-pass filter 

(5) coupled thereto, 

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

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


