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Description

The invention relates to a crystal oscillator which
can be frequency controlled in which the oscillator
frequency is pulled by means of at least one load ca-
pacitance, coupled to the oscillator crystal, which
crystal oscliiator comprises a semiconductor element
connected to a load capacitance for coupling the load
capacitance to the crystal in dependence on a control
signal to be applied to the semiconductor element.

The invention likewise relates to a clock signal re-
generator comprising such & voltage controlled crys-
tal oscillator , and a telecommunication system com-
prising a similar clock signal regenerator,

A frequency-controlled crystal oscillator of the
type mentioned above is known from the United
States Patent no. 3,603,893.

Itis advantageous to be able to pull the frequency
of the crystal oscillator over a wide range. When ap-
plied in a clock regenerator the local oscillator is able
to follow the clock signal to be regenerated over a
wide frequency-range, which increases the practic-
ability. Alternatively, It is possible in a given variation
range of the clock signal to be regenerated, to apply
a crystal having a larger frequency manufacturing-
tolerance. The resulting possibly larger deviation be-
tween the incoming clock signal and the nominal os-
cillator frequency can then be adjustad by the greater
frequency pulling.

The crystal oscillator known from the aforesaid
United States Patent comprises a load capacitance
{U.S. Patent reference numeral 37) connected to the
oscillator crystal and a switching arrangement formed
by a field effect transistor (U.S. Patent reference nu-
meral 36) for short circuiting or effectively connecting
this load capacitance to the crystal. By selecting a de-
sired, large value of this capacitance, a desired large
frequency pulling range can be achieved.

The advantage of a large frequency-pulling range
is for example shown by the fact that when manufac-
turing the crystal oscillator tuning procedure for the
nominal frequency can be dispensed with.

The switching arrangement in the above U.S. Pa-
tent is designed in the form of a semi-conductor
switch element. Such switch elements can be control-
led by fast change-over signals whose rise time is of
the same order as or shorter than the oscillator fre-
quency; alternatively it is possible to have the
change-over controlled by slow change-over signals
whose rise time exceeds (by far) the oscillator fre-
qusency.

In the event of fast change-over signals, pulses in
the oscillator signal may occur owing to the fast
change-over. Ifthe polarity of these pulses is opposite
to the instantaneous polarity of the oscillator signal,
this may lead to a disturbance of the clock frequency
derived from the oscillator. This is obviously an unde-
sired effect. This problem could be solved by a syn-
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chronising arrangement, synchronising the change-
over signals and the osclllator signal; however, such
a synchronising arrangement constitutes an addition-
al cost factor. In the event of slow change-over sig-
nals, however, the switch element forms a resistive
load for the oscillator crystal during the change-over,
as a result of which the oscillator may break down.

It is an object of the invention to provide a crystal
oscillator in which the aforenoted problems cannot
occur.

Thereto the crystal oscillator according to the in-
vention is characterized in that the switching arrange-
ment comprises a band switching diode having a hola
storage time as fong as or longer than the cycle time
of the crystal oscillator.

The thus characterized semiconductor element
can now be controlled by a slow change-over signal,
as has experimentally been democnstrated. If the
band switching diode passes to the conducting state
during this change-over, this conduction will also be
stopped within the cycle of the oscillator frequency,
as the algebraic sum of the control signal and the cs-
cillator signal appears across the diode.

During this short conducting time no dissipation
of oscillator energy will occur as a diode does not dis-
sipate energy during the hole-storage time.

A discrete oscillator-frequency control is ob-
tained by connecting a first capacitance for a number
of cycles and a second capacitance for a subsequent
number of cycles. The effective oscillator frequency
will then be the weighted average over the two num-
bers of periods. Needless to observe that the largest
range of frequency pulling is obtained if there is only
one load capacitance which is completely switched on
or off.

As will be further explained below the use of such
a band switching diode has the additional advantage
that a proportional frequency control can be achieved
too by always switching on and off within a single os-
cillator period.

A further advantage of the use of a band switch-
ing diode is that such diodes show a very low spuricus
capacitance, If the switching diode is connected in
parallel with the load capacitance of the oscillator
crystal the total load capacitance will be formed by
the sum of the really installed capacitance and the
spurious capacitance. If these two are of the same or-
der the oscillator crystal will be loaded by a poorly de-
fined load capacitance as a spurious capacitance is
poorly defined and sensitive to all sorts of disturbing
influences.

The invention and its advantages are described
with reference to the following figures in which the
same elements are indicated by the same reference
numerals and in which:

Fig. 1 shows a circuit known per se for a phase-

locked loop with a voltage controlled oscillator;

Fig. 2 shows a graph indicating the relation be-
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tween the frequency pulling of oscillator crystal

and the series load capacitance;

Fig. 3 shows a first circuit of a crystal oscillator in

accordance with the invention;

Fig. 4 shows a graph representing the course of

the oscillator signal;

Fig. 5 shows a second circuit of a crystal oscilla-

tor in accordance with the invention.

The phase-locked loop known per se according to
Fig. 1 comprises a cascade circuit of a phase compar-
ator 4, a low-pass filter 6, a voltage controlled oscil-
lator 8 and a circuit 10, respactively. An external clock
signal ¢can be applied to an input 2 of phase compar-
ator 4. Between output 12 and the other input of the
phase comparator 4 a connection 14 has been intro-
duced. Low-pass filter 6 is especially required when
oscillator 8 is to be excited by a low-frequency control
signal. Dividing-circuit 10 is only required if the oscil-
lator frequency differs from {for exampie is a multiple
of) the external clock signal.

Oscillator 8 can be designed as a crystal oscilla-
tor. If the crystal of this oscillator is loaded by a series
capacitance, the change of the crystal frequency will
depend on the load capacitance according to the
graph in Fig. 2. From this graph it is evident that an
extended frequency pulling range requires a consid-
erably extended capacitance range.

The oscillator frequency can be discretely pulled
by inserting a switch in parallel with the series capac-
itance. If the switch is in the conductive state this sit-
uation corresponds to infinite load capacitance and
thus tow crystal-frequency; if the switch is in a non-
conductive state, the load capacitance is effectively
switched, on the crystal having a relevant higher crys-
tal frequency. Now it is possible by means of these
two frequencies to generate a crystal frequency sit-
uated therebetween. This is achisved by switching on
the load capacitance during a first number of oscilla-
tor cycles and switching it off during a subsequent
second number of cycles. The effective crystal fre-
quency is then the weighted average of the frequen-
cies over the numbers of cycles.

Fig. 3 shows an embodiment of a crystal oscilla-
tor in accordance with the invention. Crystal ascillator
8 comprises an oscillator circuit 18 to which are con-
nected a frequency-determining circuit 20 and an out-
put amplifier 22.

Osgcillator circuit 18 comprises two cascaded am-
plifier stages. The first stage comprises a transistor
24 having an emitter resistor 26 of for example 40
kOhms and a collector resistor 28 of for example 2
kOhms. Frequency determining circuit 20 is connect-
ed to the emitter of the transistor 24, The second
stage comprises a transistor 30 having an emitter re-
sistor 32 (for example 40 kOhms) and & collector re-
sistor 34 (for example 2 kOhmas).

The collector of transistor 24 is connected to the base
of transistor 30, the collector of transistor 30 is con-
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nected to the base of transistor 24. A compensating
network 36 is connected to the emitter of the transis-
tor 30 to compensate the loop gain for loss owing to
spurious capacitances in the circuit.

Compensating network 36 comprises a series ar-
rangement of a resistor 38 (400 Ohms) and a capac-
itance 40 (80pF). Thus the impedance of this network
at the oscillator frequency of 1.824 MHz amounts to
approximately 1400 Ohms. This impedance com-
bined with resistor 32 forms the total emitter impe-
dance of transistor 30. The amplification of the two
amplifier stages is determined by the ratio of their col-
lector resistance to their emitter resistance. As oscil-
lation requires the loop-gain valus to be 1, this results
in a maximum for the value of the impedance of fre-
quency-determining circuit 20.

Frequency-determining circult 20 comprises a
crystal 42 (1.824 MHz) in series with a load capaci
tance 44 (5 pF). Parallel to capacitance 44 a switching
diode 46 has bssn connected whose ancde is excited
through resistor 48 (200 k() and control input 50. Di-
ode 48 is of a band switching type having a hols-
storage time exceeding 0.5 us and a (stray) capaci-
tance being small compared to the value of capacitor
44, for example less than 2 pF. As is known a diode
does not show a resistive character within the hole-
storage time, so no energy dissipation takes place
during thattime interval. It is possible for the oscillator
frequency-pulling to be controlled with a signal hav-
ing a rise time exceeding the oscillator cycle by far,
for example the signal having a rise time of 30 ps.

The output signal of oscillator circuit 18 is formed
by the difference signal between the coliectors of
transistor 24 and 30. Output amplifier 22 is designed
as a difference amplifier feeding the amplified signal
to oscillator output 52.

The frequency pulling of oscillator 8 in accor-
dance with Fig. 3 is explained with reference to Fig.
4, The upper part of Fig. 4 shows the voltage curve
across diode 46 as a function of time. As long as the
voltage across the diode is lower than the forward vol-
tage thers is across the diode the sum of two voltages
namely the low-frequency voltage (direct current),
which is fed to terminal 50 and the high frequency os-
cillator voltage {alternating current) which is supplied
through crystal 42. When the sum of both these voltages
becomes higher than the dicde forward voltage, diode
46 is randered conductive and the voltage across this di-
ode does no longer exceed the forward voltage.

Whilst diode 46 is rendered non-conductive crys-
tal 42 is serially loaded by capacitor 44. The oscillator
will now show the corresponding higher frequency
{for example between instants t; and t). During con-
ductance of iode 46 the load capacitance seems fo be
very large (infinite); the oscillator will now show the
corresponding lower frequency (for example between
instants t, and t;).

By varying the DC-voltage on terminal 50 the




5 . EP 0 252 539 B1 6

sine curve in the upper graph will rise and fall. Con-
sequently, the points of intersection with the thresh-

old voltage will move to the left and to the right, caus-
ing the share of the low-frequency in tha lower part of
the graph to increase or decrease. Thus also the re-
sulting oscillator cycle will increase or decrease.

Fig. 5 shows another crystal oscillator in accor-
dance with the invention. This crystal oscillator 8
comprises an ampiifier 54 and a frequency determin-
ing circuit 56.

Amplifier 54 is formed by a transistor 58 and a

collector resistor 80 (460 Ohms). The direct cument
setting of transistor 58 is realised by means of resis-
tors 62 and 64, serially connected between the collec-
tor and the base of transistor 58 (6.2 kOhms each). A
capacitance 66 of 1 nF is inserted between the junc-
tion point of these resistors and the earth of the sys-
tem.
With this capacitance the high-frequency signal is
rather entirely decoupled in order not to decrease too
much the amplification of amplifier 54 for high fre-
quencies.

Frequency-determining circuit 56 is formed by a
series arrangement of successively a capacitor 63 (220
pF), a capacitor 74 (6.8 pF), crystal 72 (1.824 MHz) and
a capacitor 70 (220 pF). The collector of transistor 58 is
connected to the junction point of crystal 72 and capac-
itor 70, the base being connected to the junction point
of capacitor 74 and capacitor 68. Connected in parallel
with capacitor 74 a switching diode 76 has been incor-
porated which is controlled through control resistor 78
{200 kOhms) and control input 50.

The load capacitance of crystal 72 is formed by
the serias arrangement of the capacitances 68, 70
and 74, which series circuit is connected in parallel
with crystal 72. If diode 76 is rendered non-conduc-
tive, the load capacitance is chiefly determined by the
capagcitor having the lowest value, this is capacitor 74,
If diode 76 Is conductive the load capacitance is
formed by the series circuit of capacitors 68 and 70,
which series circuit has a considerably higher capac-
itance vaiue than capacitor 74. In this manner the load
capacitance can be varisd between approximately
6.8 pF and approximately 110 pF, with corresponding
frequency pulling.

Claims

1. Acrystal oscillator which can be frequency con-
trolled in which the oscillator frequency is pulled
by means of at least one load capacitance cou-
pled to the oscillator crystal, which crystal oscil-
lator comprises a semiconductor element con-
nected to a load capacitance for coupling the load
capacitance to the crystal, in dependence on a
control signal to be applied to the semiconductor
element characterized in that the semiconductor
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element is a band switching diode having a hole
storage time as long as or longer than the cycle

time of the crystal oscillator.

2. A clock signal regenerator, comprising the vol-

tage controlfed crystal oscillator as claimed in
Claim 1.

3. Atelecommunication system comprising a clock
signal regenerator as claimed in Claim 2.

Patentanspriiche

1. Quarzorszillator, der frequenzgesteuert werden
kann, bei dem die Oszillatorfrequenz mittels min-
destens einer mit dem Oszillatorkristall gekoppel-
ten Belastungskapazitit gezogen wird, wobei
dieser Quarzoszillator ein mit einer Belastungs-
kapazitit verbundenes Halbleiterslement auf
weist zur Kopplung der Belastungskapazitét mit
dem Kristall in Abhéngigkeit eines dem Halblei-
terelement zuzufiihrenden Steuersignals, da-
durch gekennzeichnet, dal das Halbleiterele-
ment eine Bandschaltdiode ist mit einer gesam-
ten Speicherzeit entsprechend der Zykluszeit
des Quarzoszillators oder l&nger als diese Zeit.

2. Taktsignalregenerator mit dem spannungsge-
steuerten Quarzoszillator nach Anspruch 1.

3. Telekommunikationssystem mit einem Taktsi-
gnalregenerator nach Anspruch 2.

Revendications

1. Oscillateur & cristal qui psut 8tre commandé en
fréquence et dans lequel la fréquence de I'oscil-
lateur est entrainde & |"aide d'au moins une capa-
¢ité de charge, couplée au cristal de |'oscillateur, le-
dit oscillateur & cristal comprenant un élément &
semi-conducteur connecté & une capacité de char-
ge pour coupler la capacité de charge au cristal en
fonction d'un signal de commande & appliquer &
I'élément & semiconducteur, caractérisé en ce que
l'élément & semi-conducteur est une diode de
commutation de bande ayant un temps de stockage
de trous aussi long ou plus long que le temps de cy-
cle de l'oscillateur & cristal.

2. Régénérateur de signaux d’horloge, compranant
I'osciltateur & cristal commandé en tension de la
revendication 1.

3. Systéme de télécommunications comprenant un
régénérateur de signaux d'horloge selon la re-
vendication 2.
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