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DUAL POSITIVE-FEEDBACKS VOLTAGE
CONTROLLED OSCILLATOR

BACKGROUND OF THE INVENTION

[0001] (1) Field of the Invention

[0002] The invention relates to a voltage controlled oscil-
lator, and especially relates to a dual positive-feedbacks volt-
age controlled oscillator for improving the efficiency of the
voltage controlled oscillator in the microwave band at the
performance of the low supply voltage.

[0003] (2) Description of the Prior Art

[0004] With the wireless communication technology flour-
ishing, the quality determinant of the receiver transmitter
applied in the wireless communication system is decided by
the quality of variable frequency signal generated from the
voltage controlled oscillator (VCO). Otherwise, the voltage
controlled oscillator is usually applied in signal generator
[0005] The VCO is an electronic oscillator designed to be
controlled in the oscillation frequency by a voltage input. The
frequency of oscillation is varied by the applied direct-current
(DC) voltage, while the modulating signals is also able to be
fed into the VCO to cause the frequency modulation.

[0006] However, the conventional voltage controlled oscil-
lator designed at the standard voltage uses a negative resis-
tance generating circuit for offsetting the parasitic resistance
of the inductor-capacitor (also commonly L.C) tank, and the
negative resistance generating circuit is such as n-type metal-
oxide-semiconductor field effect transistors (also commonly
NMOS or p-type metal-oxide-semiconductor field effect
transistors (also commonly PMOS) cross-coupled pair cir-
cuit, single-ended oscillation circuit or Colpitts circuit; oth-
erwise, the conventional voltage controlled oscillator uses a
dual negative resistance generating circuit such as comple-
mentary cross coupled pair circuit with NMOS-PMOS struc-
ture, so the circuit type of the dual negative resistance gener-
ating circuit is not in accordance with the design of the low
voltage. Therefore, said methods need a large direct current
for offsetting in the design of the low voltage, so the power
consumption is raised. Otherwise, due to the low voltage, the
signal to noise ratio (SNR) of said voltage controlled oscilla-
tors is decreased, and the performance of the phase noise is in
attenuation.

[0007] Consequently, how to decrease the phase noise and
the power of the VCO at the operation of the low voltage is an
important issue.

SUMMARY OF THE INVENTION

[0008] The object of the invention is to provide an oscilla-
tion circuit and a cross coupled pair circuit for improving the
efficiency of the voltage controlled oscillator in the micro-
wave band at the performance of the low supply voltage.
[0009] Another object of the invention is to provide an
oscillation circuit and a cross coupled pair circuit for gener-
ating dual negative resistances at the smaller consumption of
the direct current to save more power.

[0010] Inoneaspect, the invention provides a dual positive-
feedbacks voltage controlled oscillator includes an oscilla-
tion circuit and a cross coupled pair circuit.

[0011] The oscillation circuit includes a first transistor, a
second transistor, an inductor and a plurality of capacitors.
The gate of the first transistor and the gate of the second
transistor are opposite to each other and coupled to two points
ofthe inductor. The inductor and the capacitors are formed as
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a LC tank. The capacitors of the LC tank includes a first
capacitor electrically connected to a first output of the oscil-
lation circuit and the source of the first transistor; a second
capacitor electrically connected to a second output of the
oscillation circuit and the source of the second transistor; a
first variable capacitor electrically connected to the drain of
the third transistor and the ground; and a second variable
capacitor electrically connected to the drain of the fourth
transistor and the ground.

[0012] The cross coupled pair circuit includes a third tran-
sistor and a fourth transistor. The gate of the third transistor
and the gate of the fourth transistor are cross coupled to two
points of the inductor, and the gate of the third transistor is
coupled to the gate of the second transistor and the gate of the
fourth transistor is coupled to the gate of the first transistor.
The drain of the third transistor is coupled to the source of the
first transistor, and the drain of the fourth transistor is coupled
to the source of the second transistor. The source of the third
transistor and the source of the fourth transistor are grounded.
[0013] Inanembodiment further includes a voltage source
offering a supply voltage. The drain of the first transistor, the
drain of the second transistor and the inductor are coupled
with the voltage source.

[0014] Other objectives, features and advantages of the
present invention will be further understood from the further
technological features disclosed by the embodiments of the
present invention wherein there are shown and described
preferred embodiments of this invention, simply by way of
illustration of modes best suited to carry out the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a schematic view of the circuit diagram of
a dual positive-feedbacks voltage controlled oscillators.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0016] It is to be understood that other embodiments may
be utilized and structural changes may be made without
departing from the scope of the present invention. Also, itis to
be understood that the phraseology and terminology used
herein are for the purpose of description and should not be
regarded as limiting. The use of “including,” “comprising,” or
“having” and variations thereof herein is meant to encompass
the items listed thereafter and equivalents thereof as well as
additional items. Unless limited otherwise, the terms “con-
nected,” and “coupled,” and variations thereof herein are used
broadly and encompass direct and indirect connections, cou-
plings, and mountings.

[0017] Refer to FIG. 1 for the schematic view of the circuit
diagram ofa dual positive-feedbacks voltage controlled oscil-
lator 10. The dual positive-feedbacks voltage controlled
oscillator 10 includes an oscillation circuit and a NMOS cross
coupled pair circuit 30. The oscillation circuit includes a first
transistor M1, a second transistor M2, an inductor L¢ and a
plurality of capacitors C1, C2, Cvarl and Cvar2. The oscil-
lation circuit is composed of two complementary Colpitts
circuit 20 and 21, and the inductor Lc¢ is shared between two
Colpitts circuit 20 and 21. The NMOS cross coupled pair
circuit 30 includes a third transistor M3 and a fourth transistor
M4.

[0018] Two Colpitts circuit 20 and 21 and the NMOS cross
coupled pair circuit 30 are cascaded, so the direct-current
(DC) biasing currents on two Colpitts circuit 20 and 21 and
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the NMOS cross coupled pair circuit 30 are on the same
current path, and, the direct current is shared by two Colpitts
circuit 20 and 21 and the NMOS cross coupled pair circuit 30
10 save the power. Said first transistor M1, said second tran-
sistor M2, said third transistor M3 and said fourth transistor
M4 are the n-type field effect transistors.

[0019] A LC tank includes the inductor Lc and the capaci-
tors C1, C2, Cvarl and Cvar2, and the oscillation frequency
ofthe dual positive-feedbacks voltage controlled oscillator 10
is controlled by the LC tank.

[0020] In an embodiment, a voltage source offers a supply
voltage Vdd. The drain of the first transistor M1, the drain of
the second transistor M2 and the inductor Lc are coupled with
the voltage source. The gate of the first transistor M1 and the
gateofthe second transistor M2 are opposite to each other and
coupled to two points N1 and N2 of the inductor Lec. The gate
of the third transistor M3 and the gate of the fourth transistor
M4 are respectively cross coupled to two points N2 and N1 of
the inductor Lc and biased at the supply voltage Vdd. With the
cascade structure of two Colpitts circuit 20 and 21 and the
NMOS cross coupled pair circuit 30, the required voltage
headroom of the circuit is able to be reduced to get the object
of the low supply voltage. Therefore, the gate of the third
transistor M3 is coupled to the gate of the second transistor
M2 via the point N2, and the gate of the fourth transistor M4
is coupled to the gate of the first transistor M1 via the point
N1. The drain of the third transistor M3 is coupled to the
source of the first transistor M1 via the point N3, and the drain
of the fourth transistor M4 is coupled to the source of the
second transistor M2 via the point N4. The source of the third
transistor M3 and the source of the fourth transistor M4 are
coupled to the point N5.

[0021] Otherwise, a first capacitor C1 of the LC tank is
electrically connected to a firstoutput of the oscillation circuit
and the source of the first transistor M1; a second capacitor C2
1s electrically connected to a second output of the oscillation
circuit and the source of the second transistor M2; a first
variable capacitor Cvarl is electrically connected to the drain
of the third transistor M3 and the ground; and a second vari-
able capacitor Cvar?2 is electrically connected the drain of the
fourth transistor M4 and the ground.

[0022] In an embodiment, a fifth transistor M5 is further
included as a current source 40. The drain of the fifth transis-
tor M5 is coupled with the source of the third transistor M3
and the source of the fourth transistor M4. The current source
40 offers a DC biasing current via the bias voltage Vbias to
two Colpitts circuit 20 and 21 and the NMOS cross coupled
pair circuit 30. The flow of the direct current is controlled by
the fifth transistor M5 for applying to any specifications forall
sorts of circuits.

[0023] In another embodiment, by taking apart the fifth
transistor M5, the source of the third transistor M3 and the
source of the fourth transistor M4 are grounded via the point
NS5, so the bias voltage Vbias is zero. Thus, total power of the
dual positive-feedbacks voltage controlled oscillator 10 is
decreased.

[0024] Two Colpitts circuit 20 and 21 offer a first positive-
feedback loop, and the first positive-feedback loop is equiva-
lent to a first negative resistance. The NMOS cross coupled
pair circuit 30 with the third transistor M3 and the fourth
transistor M4 offers a second positive-feedback loop, and the
second positive-feedback loop is equivalent to a second nega-
tive resistance. Said two negative resistances, which are gen-
erated by two Colpitts circuit 20 and 21 and the NMOS cross
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coupled pair circuit 30, are connected in parallel with a para-
sitic resistance of the LC, tank. Hence, two negative resis-
tances offset the parasitic resistance of the LC tank.

[0025] Because two negative resistances are generated by
two Colpitts circuit 20 and 21 and the NMOS cross coupled
pair circuit 30, a high negative resistance is generated by the
dual positive-feedbacks voltage controlled oscillator 10 in the
operation of the low voltage and in the share of the direct
current. So the dual positive-feedbacks voltage controlled
oscillator 10 is able to be oscillated under the smaller power.
Otherwise, in the dual positive-feedback loops of two Col-
pitts circuit 20 and 21 and the NMOS cross coupled pair
circuit 30, the equivalent loop gain of'the oscillation is circuit
is raised to increase the output signal amplitude for improving
the phase noise.

[0026] Above all, said embodiments has following advan-
tages:

[0027] 1. By the signal symmetry of two complementary
Colpitts circuit 20 and 21, the phase noise of the dual positive-
feedbacks voltage controlled oscillator 10 is decreased in the
microwave band.

[0028] 2. By the NMOS cross coupled pair circuit 30, the
total power of the dual positive-feedbacks voltage controlled
oscillator 10 is decreased in the microwave band.

[0029] 3. By the signal symmetry of two complementary
Colpitts circuit 20 and 21 and the NMOS cross coupled pair
circuit 30, the supply voltage of the dual positive-feedbacks
voltage controlled oscillator 10 is decreased in the microwave
band.

[0030] The foregoing description of the preferred embodi-
ment of the invention has been presented for purposes of
illustration and description. It is not intended to be exhaustive
or to limit the invention to the precise form or to exemplary
embodiments disclosed. Accordingly, the foregoing descrip-
tion should be regarded as illustrative rather than restrictive.
Obviously, many modifications and variations will be appar-
ent to practitioners skilled in this art. The embodiments are
chosen and described in order to best explain the principles of
the invention and its best mode practical application, thereby
to enable persons skilled in the art to understand the invention
for various embodiments and with various modifications as
are suited to the particular use or implementation contem-
plated. It is intended that the scope of the invention be defined
by the claims appended hereto and their equivalents in which
all terms are meant in their broadest reasonable sense unless
otherwise indicated. Therefore, the term “the invention”, “the
present invention” or the like is not necessary limited the
claim scope to a specific embodiment, and the reference to
particularly preferred exemplary embodiments of the inven-
tion does not imply a limitation on the invention, and no such
limitation is to be inferred. The invention is limited only by
the spirit and scope of the appended claims. The abstract of
the disclosure is provided to comply with the rules requiring
an abstract, which will allow a searcher to quickly ascertain
the subject matter of the technical disclosure of any patent
issued from this disclosure. It is submitted with the under-
standing that it will not be used to interpret or limit the scope
or meaning of the claims. Any advantages and benefits
described may not apply to all embodiments of the invention.
It should be appreciated that variations may be made in the
embodiments described by persons skilled in the art without
departing from the scope of the present invention as defined
by the following claims. Moreover, no element and compo-
nent in the present disclosure is intended to be dedicated to the
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public regardless of whether the element or component is
explicitly recited in the following claims.

What is claimed is:
1. A dual positive-feedbacks voltage controlled oscillator,
comprising:
an oscillation circuit, including a first transistor, a second
transistor, an inductor and a plurality of capacitors, and
the gate of the first transistor opposite to the gate of the
second transistor, and the gates of the first and second
transistors being respectively coupled to two points of
the inductor, wherein the inductor and the capacitors are
formed as a LC tank; and
a cross coupled pair circuit, including a third transistor and
a fourth transistor, the gate of the third transistor and the
gate of the fourth transistor cross coupled to the two
points of the inductor, the gate of the third transistor
coupled to the gate of the second transistor, the gate of
the fourth transistor coupled to the gate of the first tran-
sistor, the drain of the third transistor coupled to the
source of the first transistor, and the drain of the fourth
transistor coupled to the source of the second transistor.
2. The dual positive-feedbacks voltage controlled oscilla-
tors of claim 1 further comprising a voltage source offering a
supply voltage, wherein the drain of the first transistor, the
drain of the second transistor and the inductor are coupled
with the voltage source.

Nov. 10, 2011

3. The dual positive-feedbacks voltage controlled oscilla-
tors of claim 1, wherein the capacitors of the L.C tank com-
prises:

a first capacitor, electrically connected between a first out-
put of the oscillation circuit and the source of the first
transistor;

a second capacitor, electrically connected between a sec-
ond output of the oscillation circuit and the source of the
second transistor,

a first variable capacitor, electrically connected between
the drain of the third transistor and the ground; and

a second variable capacitor, electrically connected
between the drain of the fourth transistor and the ground.

4. The dual positive-feedbacks voltage controlled oscilla-
tors of claim 1, wherein the source of the third transistor and
the source of the fourth transistor are grounded.

5. The dual positive-feedbacks voltage controlled oscilla-
tors of claim 1 further comprising a fifth transistor as a current
source offering a bias current to the oscillation circuit and the
cross coupled pair circuit, and the drain of the fifth transistor
is coupled with the source of the third transistor and the
source of the fourth transistor.

6. The dual positive-feedbacks voltage controlled oscilla-
tors of claim 1, wherein the first transistor, the second tran-
sistor, the third transistor and the fourth transistor are the
n-type field effect transistors.
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