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pacitive element of the oscillator (Cl1,

STOP1

MCA1

STOP2

C2) and in that the device also compris-
es controllable commutating means
(STOP1, STOP2) arranged to activate
one oscillator at a time.



10

15

20

25

30

WO 2010/146038 PCT/EP2010/058353

Multi-band frequency oscillating device

The present invention relates to the field of electronics and
more particularly the field of oscillators the frequency of which is
tunable. Advantageously, but not limitingly, the invention applies to
communication systems using such oscillators, for example cellular
mobile telephones.

The increasing number of communication standards and the
centralization of all these standards within a single portable
communication apparatus are difficult to achieve. Specifically, in
order to transmit and receive on each of the bands concerned by these
standards an oscillating element capable of operating continuously on
all these frequency bands must be used. An oscillating eclement
comprising a juxtaposition of several oscillating circuits does not
allow a continuous operation between the frequency bands. Another
oscillating element comprising a single oscillator with a tunable
frequency does not allow a sufficient amplitude of frequency variation.

A chosen solution usually consists in the use of a single circuit
supplying several oscillators, making operation possible on several
bands. The use of a single circuit also makes it possible to reduce
costs and make miniaturization of the electronic circuit easier.

In this type of circuit, the induction coils of ecach of the
oscillators may also be mutually coupled eclectromagnetically.
Therefore, in patents US7423495 and WO06/0200873, several
oscillating circuits are mutually coupled via induction coils. The
values of the induction coils vary depending on the modes of the other
oscillators and this makes it possible to multiply the number of
operating modes.

According to one embodiment, it is proposed, without
increasing the number of oscillators or the number of components, to
allow a continuous operation over a broad band of frequencies with
operating modes that are yet more numerous and a greater variation of

impedances and capacitors during these operating modes.
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According to another embodiment, an oscillating device is
proposed that provides low consumption and minimum phase noise by
tuning via an adjustment of the induction coil and of the capacitor, and
not of the capacitor alone.

Also proposed in particular is a continuity between the
operating bands of the various oscillators notably by a sharing of
clements (earth, the intensity generator, the bias).

According to a first aspect, an oscillating device is proposed
comprising several oscillators, each oscillator comprising a capacitive
inductive resonant circuit and a flow-through conduction circuit
having a negative flow-through conduction, the inductive elements of
the oscillators being mutually coupled.

According to a general feature of this aspect, each oscillator
also comprises a controllable switch arranged to short-circuit or not
short-circuit the capacitive element of the oscillator and the device
also comprises controllable commutating means arranged to activate
one oscillator at a time.

Therefore, on the one hand, added to the operating modes of
cach of the oscillators taken separately are combined operating modes
covering other frequency bands. On the other hand, amongst these
combined operating modes, operating modes corresponding to the
short-circuited capacitor in ecach of the oscillators are added. The
added operating modes make it possible to vary the value of
capacitance and therefore also inductance over a very wide range, the
amplitude of frequency is therefore greater. Moreover, by tuning via
an adjustment of more numerous parameters, i.e. inductance and
capacitance, it is possible to optimize ecach of these parameters in
order to obtain low consumption and minimum phase noise.

According to one embodiment, the controllable switch of each
oscillator is connected in parallel to the capacitive element of the
oscillator.

According to another embodiment, the oscillating device
comprises first control means capable of short-circuiting the

capacitive element of at least one oscillator that is not activated.
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The great variation of capacitance may, if it follows a short
circuit in the inactive oscillator, allow a variation of inductance in the
active oscillator.

According to an additional embodiment, the first commutating
means comprise several commutators respectively connected between
the flow-through conduction circuits of the oscillators and a common
carth terminal and the device comprises second control means capable
of closing only one commutator at a time.

This allows continuity between the operating bands of the
oscillators sharing the same elements.

According to a final embodiment, the inductive elements of the
oscillators are superposed on one another.

Therefore, by creating magnetic coupling via a superposition of
the induction coils, a gain in surface arca is achieved. This gain in
surface arca allows a lower frequency-pulling effect (caused by
another signal being coupled to the induction coils of the oscillator).

Other advantages and features of the invention will appear on
studying the detailed description of methods of application and
embodiment taken as non-limiting examples and illustrated by the
appended drawings in which:

- Figure 1 illustrates a simple circuit comprising two coupled
oscillators.

- Figure 2 illustrates an example of a circuit comprising two
oscillators and two negative flow-through conductors.

Figure 1 shows an oscillator the two inductive elements of
which are coupled. This simple circuit makes it possible to establish
equations governing the behaviour of the mutually coupled inductive
clements.

The first oscillator comprises a resistor R1, a capacitor C1 and
a coil L1. Similarly, the second circuit comprises a resistor R2, a
capacitor C2 and a coil L2. The two circuits are coupled
clectromagnetically via the two coils L1 and L2 with a mutual
cocfficient of inductance M.

Therefore, the voltages V1 and V2 and the intensities il and 12
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follow the conditions below expressed in complex notation:

Vi=j.L1l.w.I1+ j.M.w.12

V2=j.L2.w.12+ j.M.w.I1

where |M|=k-\/L1-L2, k is the coupling coefficient depending
in particular on the mutual arrangement of the coils.

In the particular case in which V2=0, that is to say when the
capacitor C2 is short-circuited:

12=-(M/L2).11

Therefore, seen from R1, the complex impedance in the first
oscillator is equivalent to a capacitor C1 in parallel with a coil the
induction of which is equal to L1.(1-k%).

If there is no short circuit, V2 can be expressed in the form:

V2= -12/(C2.j.w), and

12=11.(C2.M.w*)/(1-L2.C2.w?).

Therefore, seen from R1, the complex impedance in the first
oscillator is equal to a capacitor in parallel with a coil the induction of
which is: L1.(1-k*.L2.C2.w*/(L2.C2.w*-1)).

Figure 2 illustrates an example of a device DIS according to
the invention. The latter comprises an intensity generator GI, two
oscillators OSC1 and OSC2 and an earth terminal M. This being so,
the invention is not limited to two oscillators but may comprise
several oscillators mutually coupled by their respective induction
coils.

Each of the two oscillators comprises a mid-point to which two
induction coils L1 & L1 or L2 & L2 are connected. Each of the
induction coils L1 or L2 is mutually coupled with one of the induction
coils L2 or L1 respectively. In parallel with the two induction coils
there are first of all a switch INT1 or INT2 and a variable and
adjustable capacitor C1 or C2. When the switch INT1 or INT2 is
closed, respectively the capacitor Cl or C2 is short-circuited. In
addition, in parallel with the two induction coils, in each oscillator
there is a flow-through conduction circuit G1 or G2 having a negative

flow-through conduction. The negative flow-through conduction makes
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it possible to compensate for the losses and to maintain the
oscillations. The operation of each of the flow-through conduction
circuits may be optimized for the frequency bands of ecach of the
oscillators. Each flow-through conduction circuit is formed in this
instance for example of two MOS transistors of which the two links to
the gate are crossed.

Each of the two oscillators is also connected via a commutator
STOP1 or STOP2 to the carth terminal M. They may therefore be
activated/deactivated by the commutating means STOP1 and STOP2.
When the commutator STOP1 or STOP2 is closed, respectively the
oscillator OSC1 or OSC2 is activated.

The circuit illustrated in Figure 2 also comprises control means
MC2 capable of controlling the commutating means (STOP1, STOP2)
so that only one of the oscillators is active. Finally, means MCI1 are
capable of controlling the switches INT1 and INT2. The means MC1
and MC2 collaborate so that only the capacitor of an inactive
oscillator can be short-circuited. The control means MC1, MC2 can be
produced for example based on logic circuits.

The considerable number of parameters that can be adjusted
(value of inductance, value of coupling, value of the capacitors, size
of the flow-through conduction circuits) allows a sufficient number of
degrees of freedom to make possible an effective optimization of each
of the oscillators. Therefore, it is in particular possible to adjust these
parameters so as to obtain a superposition of all the frequency bands
and good performance with respect to phase noise and power
consumption.

Moreover, the short-circuiting of the capacitors Cl and C2 in
respectively the oscillator OSC1 and OSC2 makes it possible to add
operating modes that are then six in number, each making it possible
to cover a frequency band. The calculations of the values of the
induction coils after they are coupled in the circuit of Figure 1 can
apply to the circuit of Figure 2 and therefore:

- Mode 1: Oscillator active: OSC2, value of inductance after
coupling in OSC2: L2.(1-k*.L1.C1.w?*/(L1.C1.w?>-1)), value of C1 close
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to its minimum and C2 varies from its minimum value to half of its
maximum value. The band covered by the specific frequency then
ranges from 6.3 to 7 GHz.

- Mode 2: Oscillator active: OSC2, value of the induction coil
L2.(1-k*.L1.C1.w*/(L1.C1.w>-1)), value of C1 at its maximum and C2
varies from its minimum value to its maximum value. The band
covered by the specific frequency then ranges from 5.6 to 6.8 GHz.

- Mode 3: Oscillator active: OSC2, C1 is short-circuited, value
of inductance after coupling in OSC2: L2.(1-k*) and C2 varies from its
minimum value to its maximum value. The band covered by the
specific frequency then ranges from 5.1 to 6.5 GHz.

- Mode 4: Oscillator active: OSC1, C2 is short-circuited, value
of inductance after coupling in the active oscillator: L1.(1-k*) and C1
varies from its minimum value to its maximum value. The band
covered by the specific frequency then ranges from 3.8 to 5.4 GHz.

- Mode 5: Oscillator active: OSC1, value of inductance after
coupling in the active oscillator: L1.(1-k*.L2.C2.w*/(L2.C2.w>-1)), C1
varies from the minimum value to its maximum value and value of C2
close to its minimum. The band covered by the specific frequency then
ranges from 3.2 to 4.2 GHz.

- Mode 6: Oscillator active OSC1, value of inductance after
coupling in the active oscillator: L1.(1-k*.L2.C2.w*/(L2.C2.w>-1)), C1
varies from its minimum value to its maximum value and value of C2
close to its maximum. The band covered by the specific frequency then
ranges from 3 to 3.5 GHz.

The frequency band values have been obtained with capacitors
and induction coils having the following values L1 = 750 pH, C1 =
3.2 pF (maximum value), L2 = 510 pH, C2 = 4.2 pF (maximum value).

The invention as described allows the production of an
oscillator of which the variation of specific frequency is of the order
of +/-40% around 5 GHz. The best oscillators LC according to the
prior art allow variations of +/-30% around 4.5 GHz.

Compared with a conventional solution that uses two

oscillators to cover the same frequency band, the invention also allows
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a gain in surface areca by creating the magnetic coupling by
superposition of the induction coils on one another. This gain in
surface arca allows a lower frequency-pulling effect (caused by
another signal being coupled to the induction coils of the oscillator).
Overall, the invention makes it possible to take advantage of the
coupling between the coils instead of installing devices in order to
avoid it.

The invention also makes it possible to have a single
oscillating device capable of covering, for example, the frequency
bands of the GSM, DCS, TDD-WCDMA, FDD-WCDMA standards
required for the operation of current cellular mobile telephones with a
sufficiently low phase noise to be compatible with the specifications

required by these communication standards.
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CLAIMS

1. Oscillating device comprising several oscillators (OSCI,
OSC2), ecach oscillator comprising a capacitive inductive resonant
circuit (L1 & C1, L2 & C2) and a flow-through conduction circuit (G1,
G2) having a negative flow-through conduction, the inductive elements
of the oscillators being mutually coupled, characterized in that ecach
oscillator also comprises a controllable switch (INT1, INT2) arranged
to short-circuit or not short-circuit the capacitive element of the
oscillator (C1, C2) and in that the device also comprises controllable
commutating means (STOP1, STOP2) arranged to activate one
oscillator at a time.

2. Oscillating device according to Claim 1, in which the
controllable switch (INT1, INT2) of each oscillator (OSCI1, OSC2) is
connected in parallel to the capacitive element (C1, C2) of the
oscillator.

3. Oscillating device according to Claim 1 or 2, comprising
first control means (MC1) capable of short-circuiting the capacitive
element (C1, C2) of at least one oscillator (OSC1, OSC2) that is not
activated.

4. Oscillating device according to Claim 2 or 3, in which the
first commutating means comprise several commutators (STOPI,
STOP2) respectively connected between the flow-through conduction
circuits of the oscillators (G1, G2) and a common ecarth terminal (M)
and the device comprises second control means (MC2) capable of
closing only one commutator (STOP1, STOP2) at a time.

5. Oscillating device according to any one of the preceding
claims, in which the inductive elements of the oscillators are

superposed on one another.
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