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ABSTRACT

In one aspect, the present invention includes a voltage controlied
oscillator comprising an active device having a plurality of resonators coupled
across two terminals of the device and at least one resonator coupled across the
plurality of resonators. The at least one resonator preferably operates as an
evanescent mode buffer capable of storing a select amount of energy present In

the oscillator.
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WIDEBAND VOLTAGE CONTROLLED OSCILLATOR EMPLOYING
EVANESCENT MODE COUPLED-RESONATORS

BACKGROUND OF THE INVENTION

A voltage controlled oscillator (VCO) or oscillator is a
component that can be used to translate DC voltage into a radio
frequency (RF) voltage or signal. In general, VCOs are designed
Lo produce an oscillating signal at a particular frequency ‘f’
that corresponds to a given tuning voltage. In particular, the
frequency of the oscillating signal is dependent upon the
magnitude of a tuning voltage V., . applied to a tuning diode
network across a resonator circuit. The frequency ‘f* may be
varied from £, to £, and these limits are referred as the
tuning range or bandwidth of the VCO. The tuning sensitivity of
the VCO 1s defined as the change in frequency over the tuning
voltage and it 1is desirable to tune the VCO over a wide
frequency range within a small tuning voltage range.

The popularity of mobile telephones has renewed interest
and generated more attention in wireless architectures. This
popularity has further spawned renewed interest in the design
of low noise wideband oscillators. The recent explosive growth
in the new families of cellular telephones and base stations
using universal mobile telephone systems (UMTS) has stirred a
need for developing an ultra-low noise oscillator with a fairly
wide tuning range. The demands of wideband sources have
generally 1ncreased telescopically because of the explosive
growth of wireless communications. In particular, modern
communication systems are typically multi-band and multi-mode,
therefore requiring a wideband low noise source that preferably
allows simultaneous access to DCS 1800, PCS 1900 and WCDMA
(wideband code division multiple access) networks by a single
wideband VCO.

The magnitude of the output signal from a VCO depends on the

design of the VCO circuit and the frequency of operation is in
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part determined by a resonator that provides an 1nput signal.

Clock generation and clock recovery circuits typically use VCOs

within a phase locked loop (PLL) to either generate a clock from
an external reference or from an incoming data stream. VCOs are
often critical to the performance of PLLs. In turn, PLLs are

generally considered essential  components in communication
networking as the generated clock signal 1is typically used to

either transmit or recover the underlying service information so

that the information can be used for its intended purpose. PLLS
are particularly important in wireless networks as they enable
communications equipment to lock-on to the carrier frequency onto

which communications are transmitted relatively guickly.

The dynamic operating range and nolse performance of a

pr—

VCO may limit or affect the performance of the PLL itself, which

_
p—

in turn may affect the performance of the device in which the PLL

is employed, e.g., RF transceivers, cell phone, modem card, etc.

]
—

Broadband tunability of VCOs represents one of the more

=
—

fs in the design of a VCO, impacting both the

fundamental tradeo:

technology and the topology used. The dynamic time average

quality factor (i.e., Q-factor) of the resonator as well as the

tuning diode noise contribution affect the noise performance of a

VCO. Furthermore, the dynamic loaded Q is, in general, 1inversely

proportional to the operating frequency range of the VCO.

Despite the continuous improvement in VCO technology,

phase noise typically remains a bottleneck and poses a

)

low

challenge to RF transceiver (transmitter - receiver) design. This

gr—
b

is typically considered due to the more demanding parameters of

the VCO design: low phase noise, low power consumption and a wide

frequency tuning range.

In LC~resonator based VCOs, phase nolse and power

consumption typically depend primarily on the time average loaded

~~~
—d

O-factor of the resonator circult and the non-linearities

associated with the tuning network, which typically employs

varactors. The frequency tuning range is determined by the usable

capacitive tuning ratio of the varactor and parasitic associated

with the tuning network because the parasitic deteriorates and

limits the effective tuning capability of the wvaractor at a high
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frequency. As the loss-resistance of the tuning network (e.qg.,

varactor and resonator) determines the quality factor, attention

is usually paid to the resistive behavior. The frequency range

over which a coupled resonator circuit can be tuned by means of

the tuning diode depends on the useful capacitance ratio of the
tuning diode and on the parallel and series capacitance present in

the circuit.

As the frequency for wireless communication shifts to

higher and higher frequency bands, generation of an ultra-low

noise, wideband, thermally stable and compact signal source at a

relatively low cost becomes more and more challenging due to the

freguency limitations of the active devices and Dbroadband

tunability of the tuning diode. In the past, wide tuning range

and good phase nolse performance were dJgenerally considered to be

grne.

opposing requirements due to the problem of the controlling the

loop parameters and the dynamic loaded Q of the resonator over the

range of wideband operatilon.

For a varactor-tuned oscillator to be continuously tuned

over a wide frequency range, the tuning diode should typically
exhibit a large change 1in capacitance in response to a small
change in the tuning voltage. However, this usually allows the

tuning diode's own capacitance to be modulated by random

electronic noise signals that are generated internally by wvarious

1)

oscillator circuit elements, including the tuning diode itself.

The tuning range of the oscilillator generally influences the phase

P
—_—

noise and typically there 1is a trade-off between the continuous

P

tuning range of VCOs and the amount of phase noise generated by

the wvaractor capacitance modulation. On the other hand, the
reguirements for low noise performance over the complete frequency

range are typilcally demanding.

Thus, there exists a need for methods and circuitry for

improving the phase noise performance over a wide tuning frequency
range, typically more than an octave-band tuning range.
SUMMARY OF THE INVENTION

An aspect of the present invention is an oscillator
preferably comprising an active device having first, second and

third terminals, a plurality of resonators coupled across the
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first and second terminals of the active device and at least one

additional resonator capacitively coupled across the plurality of

resonators, the at least one additional resonator being operable

—
p—

as an evanescent mode buffer that 1s capable of storing a select

amount of radio frequency energy present in the oscillator.

Further in accordance with this aspect of the present

invention, the active device preferably comprises a transistor and

the first terminal, second terminal and third terminal of the

active device each respectively comprlise the base, collector and

emitter of the transistor.

Most preferably, the plurality of resonators are
capacitively coupled across the base and collector of the
transistor. Further still, it 1s desirable to have a first

resonator of the plurality of resonators inductively coupled to a

p—

second resonator of the plurality of resonators.

Further 1n accordance with this aspect of the present

invention, the oscillator desirably includes tuning circulitry

coupled across the plurality of resonators for adjusting an output

fregquency of the oscillator and wherein the tuning circuitry and

plurality of resonators are capacitively coupled across the first

and second terminals such that a negative resistance associlated

with the active device adjusts in response to adjustments of the

tuning circuitry.

Further still, the tuning diode is preferably operable

as a tuning capacitor that adjusts the operating frequency of the

oscillator over a frequency band.

The resonators may be desirably implemented as micro-

strip line resonators. In addition, resonators in other mediums,
including strip line, Fin line or other equivalent media my be
used when implementihg the resonators. Further still, the
resonators and oscillator may be implemented as an 1ntegrated

clrcuit.

i

all

Further still, the resonator may comprise part o:

integrated circuit formed using Roger or FR4 materials.

Further in accordance with this aspect of the present

invention, a noised filter is coupled to third terminal of the

active device.
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In another aspect, the present invention is a voltage controlled
oscillator'preferably'comprising'a‘transistor having base, collector
and emitter terminals: a plurality of resonators capacitively coupled
across the base and collector terminals of the transistor, at least
cne resonator of the plurality of resonators operating as an
evanescent mode buffer to store a portion of the energy present in
the oscillator; and tuning circuitry coupled across the base and
collector terminals of the transistor, the tuning circuitry being
operable to tune the negative resistance assoclated with the
transistor.

Further 1n accordance with this aspect of the present invention,
the voltage controlled oscillator further preferably comprises a
dynamically tunable noise filter coupled to the emitter terminal of
tLhe active device. Most preferably, the dynamically tunable noise
filter comprises a lumped RC filter having a variable capacitor.

Further in accordance with this aspect of the present invention,

the plurality of resonators are dynamically capacitively coupled

across the base and collector terminals of the transistor such that

as the tuning circuitry is adjusted the negative resistance at the

The transistor may comprise a bipolar transistor, as well as
MOSFET (Metal Oxide Semiconductor Field Effect Transistor) or GaASFET
(Gallium Arsenide Field Effect Transistor) device.

Further in accordance with this aspect of the present invention,
a Schottky diode may be desirably coupled across the base and
collector of the transistor. 1In addition, the voltage controlled
oscillator may further desirably include a tuning filter coupled to
the collector, the tuning filter having a rejection band that is
dynamically tunable in response to tuning of the tuning circuitry.

In another aspect, the present invention may comprise a
telephone. The telephone preferably comprises a phase lock loop for
generating a clock signal used to transmit or recover 1nformation
signals communicated by the telephone, the phase lock loop comprising
a voltage controlled oscillator for generating the clock signal. The

voltage controlled oscillator preferably
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comprises a transistor having base, collector and emitter

terminals; a plurality of resonators capacitively coupled across

the base and collector terminals of the transistor, at least one

resonator of the plurality of resonators operating as an

evanescent mode buffer to store a portion of the energy present in

the oscillator; and fcuning circuitry coupled across the base and

collector terminals of the transistor, the tuning circuitry being

operable to maintain a substantially uniform negative resistance

over a tuning band of the voltage controlled oscillator.

In accordance with a further aspect of the present

invention, a voltage-controlled oscillator comprising a device

-

irst terminal, a second terminal and a third terminal

having a

and evanescent mode coupled resonator circuitry coupled across the

first and second terminals of the device 1is provided. The
oscillator further desirably includes tuning circuitry integrated

across the evanescent mode coupled resonator circuitry and noise

feedback DC-blas circuitry coupled across the first and second

terminals of the device. In accordance with the aspect of the

present invention, the frequency of a signal present at the second

g

terminal of the device is changed by tuning the tuning circuitry.

Further 1n accordance with this aspect of the present

invention, noise-filtering circultry may be coupled to the third

terminal of the device. Most preferably, the noise-filtering

circuitry comprise an RC lumped filter.

In addition, the oscillator may further desirably

include a tracking filter coupled between the third terminal and

the tuning circuitry.

It is further preferable to capacitively couple the

evanescent mode resonator circuitry across the first and second

terminals of the device. Most preferably, the tuning circuitry is

inductively coupled to the evanescent mode resonator circuitry.

A further aspect of the present invention 1s an
oscillator that preferably comprises an active circuit element

that includes an input and an output. The oscillator may also

preferably comprise means for feeding back a select amount of
phase noise appearing at the output of the active circuilt element

into the input of the active circuit element and a resonator
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circuit coupled across the input and output of the active circuit

element. The ©resonator circuit is ©preferably operable to

determine a frequency of oscillation associated with an output

e -ty

signal appearing at the output of the active circuit element. In

addition, the oscillator may also desirably include circuitry
coupled across the resonator circuit, such circuitry being

preferably operative to store excess energy coupled 1into the

resonator circuit for a given period of a cycle associated with

the output signal.

Further in accordance with this aspect of the present

invention, the oscillator may desirably comprise a tuning circuit

coupled across the resonator circuit. Most preferably, the tuning

circuit 1s operative to tune the frequency of oscillation
associliated with the output signal.

Further still, the tuning circuiltry desirably tunes the

frequency of oscillation associated with the output signal while

keeping a negative resistance associated with the input and output

of the active circulit element uniform.

Further 1n accordance with this aspect of the present

invention, the osclllator may further comprise a filter coupled to

the output of the active circuit element, and wherein a rejection

ratio associated with the filter is tuned as a voltage associated
with the tuning circuit is adjusted.
Further in accordance with this aspect of the present

invention, the resonator circult may be desirably coupled to the

active circuit element through a pair of wvariable capacitors

parallely coupled across the input and output of the active

clrcult element.

Other aspects of the present invention include support

F

of a uniform negative resistance over a wideband frequency range.

In addition, the configuration may Dbe further extended in a

coupled ring form to extend the frequency of operation in an N-
push/push-push approach.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram functionally illustrating an

oscillator in accordance with an aspect of the present invention.
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FIG. 2 is a circuit diagram in accordance wilith an aspect

- the present invention.

O
i

FIG. 3 is a circuit diagram in accordance with an aspect

of the present invention.

FIG. 4 is a circuilit diagram in accordance with an aspect

of the present invention.

FIG. 5 1s a schematic of an integrated circuit in

accordance with an aspect of the present invention.

FIG. 6 illustrates a phase plot of an oscillator 1in

F

accordance with an aspect of the present invention.

' amd
o

FIG. 7 1llustrates a phase plot of an oscillator in

accordance with an aspect of the present invention.

S and
p—

FIG. 8 illustrates a phase plot of an oscillator in

accordance with an aspect of the present invention.

FTIG. 9 illustrates a phase plot of an oscillator in

accordance with an aspect of the present invention.

DETAILED DESCRIPTION

FIG. 1 1is a block diagram illustrating a voltage

controlled oscillator (VCO) 1 in accordance with an aspect of the

present invention. Voltage controlled oscillator 1 1includes an

active device 10 having first, second and third terminals, 14, 18

and 22, respectively. Active device 10 may comprise a transilstor

element wherein the first, second and third terminals, 14, 18 and

22, respectively comprise the Dbase, collector and emitter

terminals of the transistor element. More specifically, active

device 10 may comprise a bipolar or FET transistor, including any
MOS or GaAs active three terminal device. Active device 10 may

also include any three terminal device that is operable to provide

a 180 degree phase shift between at least two terminals of the

device.

Noise feedback and DC-bias circuitry 27 1s coupled

between the first and second terminals, 14 and 18. Noise feedback

and DC bias circuitry 27 supplies a DC voltage to the device 10

and feeds back a select amount of phase noise from the second

terminal 18 into the first terminal 14. A pair of resonators 30,
34 is capacitively coupled across the first and second terminals,

14 and 18, through coupling capacitors, 38; and 38:. Resonators
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30, 34 are inductively coupled to each other and form a resonator

network, which may be augmented to include additional resonators.

Another resonator 43 1is capacitively coupled to resonator 34. As

1s discussed in further detail below, resonator 43 acts as an

evanescent mode (EM) buffer, which stores a portion of the excess

radio frequency (RF) energy coupled into the resonator network for

a glven period of a signal cycle so that the conduction angle of

the device 10 can be reduced, thereby reducing the average noise

g

performance for a given period of time.

A tuning circuit 46 is coupled across the inductively
coupled resonator network formed by resonators 30, 34. Tuning
circuit 46 operates as a variable capacitor thereby improving the

Lloaded Q

o~

factor due to the evanescent phenomena of resonator 43.

i

The oscillator 1 also includes a tracking filter 50 coupled to the

second terminal 18 and a filter 54 coupled to the third terminal

22. An RF output signal of the oscillator 1 is available at the

second terminal 18.

In operation the oscillator 1 operates as follows. A DC

voltage is applied through noise feedback and DC-bias circuitry 27

s

to properly bias the active device 10. A portion of the phase

noise from the second terminal 18 is fed back into the active
device 10 wvia circuitry 27 to cause an oscillation condition.

This results in an output signal 60 being generated at the second

terminal 18 of the device 10. The capacitance associated with

the coupling capacitors 38 1s then electronically tuned by

applying a tuning voltage via tuning circuit 46. As the tuning

e

voltage is adjusted the frequency of the output signal, i.e., the

oscillation fregquency, is also adjusted and may be adjusted for at

—

least an octave band in accordance with an aspect of the present

lnvention. In turn, the negative resistance at terminals 14 and

f

18 adjusts in response to the change in oscillation frequency and

is kept generally uniform over the tuning band. In addition, as

the tuning voltage is adjusted the rejection band associated with

the noise filter 54 is adjusted thereby filtering the phase noise

contents over the operating frequency band. Further, a rejection
band associated with the tracking filter 50 is also dynamically

adjusted in response to a change 1n the tuning voltage.
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The dynamically tuned coupling capacitors 38 and dynamically
tuned noise filter 54 control the drive levels, conduction angle and
phase noise contents over the operating frequency band. The coupled
resonator 1s provided with an evanescent mode buffer for increasing
the time average dynamic loaded Q of the coupled resonators across
the operating frequency band. As discussed above, the evanescent mode
buffer desirably stores a portion of the excess RF energy pumped into
the resonator network for a given period of a signal cycle so that
the conduction angle of the active device can be reduced, thereby
reducing the average noise flow for a given time period.

Parameters assoclated with the coupled resonators 30, 34, as
well as other circuit components, are chosen so that an input signal
of a select frequency is generated by the coupled resonators and
applied to the active device 10. The frequency band associated with
the output signal 60 may be defined by a user by adjusting the length
and spacing of the coupled-resonators. In addition, although FIG. 1
shows one active device or oscillator, this approach may be extended
to the push-push or N-push approach as 1s discussed 1n commonly
assigned U.S. Patent Nos. 7,196,591 (March 27, 2007) and 7,088,189
(August 8, 2006).

FIG. 2 depicts a cilircult diagram of an oscillator 200 1in
accordance with an aspect of the present invention. In principle, the
oscillator 200 operates in accordance with the description of FIG. 1
above. In FIG. 2, each symbol labeled with a T 1s a T-connector and
each symbol labeled with a W i1s a four-way connector. In addition,
these symbols deplct the same connectors 1n the other figures, where
applicable.

As shown in FIG. 2, the oscillator 200 comprises a bipolar
transistor Q3 having a noise feedback and DC-bias network 204 coupled
across 1ts base 208 and collector 212. A voltage supply Vcc provides

a bias voltage to the collector 212 to forward bias the transistor
Q3. A tuning network 216 1is also coupled across the base 208 and
collector 212 of the transistor Q3 through a pair of wvariable

coupling capacitors 224, and 224,. The coupling capacitors 224 are

formed by the diodes D2, D3 and capacitors C3,
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CZ2 1in the arrangement shown. A tuning voltage Viuwe is applied to

the tuning network 216 and noise filter 237 through respective

inductors L4 and L5.

The coupled resonators 2304, 2302, 2303 and 230, are
connected to the transistor Q3 through the coupling capacitors 224
as shown. The evanescent mode buffer is formed by resonators 230s
and 230, which are capacitively coupled to the coupled resonators

2301, 2302, 2303 and 2304. An output signal (0/P) is provided

through a tracking filter 240. As is discussed above, the values

selected for the resistors, capacitors, inductors, diodes and

other discrete elements in combination with the number, length and

spacing of resonators that form the coupled resonator may be used

to select the oscillation frequency and operating bands of the

oscillators described and claimed herein.

gre—
ad

FIG. 3 1illustratively depicts a circuit diagram of an

additional oscillator 300 in accordance with an additional aspect

of the present i1nvention. The oscillator 300 is a wvariant of the

oscillator 200 and operates in accordance with FIG. 1 as described

above. More particularly, the noise filter 307 differs from noise

filter 237 of oscillator 200 as it does not include a diode

between resistor R; and capacitor Cig. In addition, the tracking

filter 311 includes inductors 3117 and 311, as well as resistor
3114.

FIG. 4 1s a circulit diagram of oscillator 400 in

accordance with an additional aspect of the present invention. 1In

particular, whereas the noise feedback DC-bias shown in the FIG. 3

comprises two PNP transistors, in FIG. 4 one PNP transistor is

replaced by two diodes 1in series for improved noise performance

due to correlation of the noise signals. A Schottky diode 410 is

placed across the base and collector of the transistor 420, which

results 1n the noise performance being improved by 4-6 dB. A

dynamically tracking filter at the output improves the harmonic

rejection better than 30 dB over the wideband of operations. The

Schottky diode coupled across the base and collector of the

transistor is effective when the transistor operates close to the
saturation region, which corresponds to the optimum conduction

angle for 1improved phase noise at a particular frequency. Thus,
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in a further aspect of the present invention a wideband VCO

topology 1is provided that supports phase noise performance
comparable to a narrowband VCO by incorporating a Schottky diode

as shown, for example, in FIG. 4.

Turning now to FIG. 5, there is shown a schematic

diagram of an oscillator 500 in accordance with a further aspect

'ﬁ-

of the present invention. As shown, the oscillator 500 1is

implemented as an integrated circuit. The integrated circuit may

be implemented using FR4, Roger or other suitable materials. The

oscillator 500 1is an implementation of the circuit diagram of FIG.

e
——

4 . As shown, the coupled resonators are formed by a pair o:

)

micro-strip line resonators 530, 534. The EM buffer is formed by

another micro-strip line resonator 543 that is spaced apart from

the coupled resonators and acts as storage for excess RF energy

that may develop during operation of the oscillator. The

curvature and layout of the resonators provide for improved phase

performance in accordance with the foregoing discussions.

FIGS. 6 through 9 1illustrates phase noise plots of

oscillators implemented in accordance with various aspects of the

present i1nvention. In particular, FIG. 6 shows a phase noise plot

pr— p—
P

of a VCO implemented in accordance with the circuit diagram of

l]

FIG. 2. As shown, the oscillator is tunable over a range of 400
MHz to 1.3 GHz with a phase noise of -116 dBc/Hz at 10 Khz and -
137 dBc/Hz at 100 KHz. FIG. 7 shows an oscillator implemented in

p—
p—

accordance with FIG. 3, which is tunable over a range of 400 MHz

to 1.3 GHz with a phase noise of -110 dBc/Hz at 10 Khz.

FIG. 8 shows a phase noise plot of a VCO implemented in

accordance with the circuit diagram of FIG. 2. This oscillator is
tunable over a range of 1 GHz to 3 GHz with a phase noise of -108
dBc/Hz at 10 Khz. FIG. 9 shows an oscillator implemented in

—

accordance with FIG. 3, which is tunable over a range of 1.2 GHz
to 2.3 GHz with a phase noise of -105 dBc/Hz at 10 Khz.

The foregoing oscillators shown in FIGS. 1 through 5

support steep phase characteristics (rate of change of phase with

‘respect to the frequency: do/do; where d¢ and do are defined as

change 1in phase and frequency) by improving group delay at

resonance frequency. Thus, 1n accordance with an aspect of the
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present invention a wideband voltage controlled oscillator with a

g

lumped LC resonator across the base and collector of a three

terminal negative resistance dJenerating device may implemented in

accordance with FIG. 1 and as shown in FIGS. 2-5.

In one aspect, the present invention provides an ultra

low noise, relatively low cost and power efficient wideband VCO

that can be tuned to operate over a fairly wide range of

frequenciles while maintaining a relatively low phase noise over

the tuning band. In another aspect the present invention 1is a

method for increasing the tuning bandwidth and improving the phase

noise 1n a voltage controlled oscillator of a type that employs an

saad

EM (Evanescent Mode) coupled resonator integrated with a wvaractor

diode or other semiconductor device as a tuning element. In view

P

of the limitations of known microwave active devices and

resonators for wideband operation, 1in another aspect the present

invention provides a different topology, which supports more than

octave-band tunability 1in a compact size that 1s amenable for

implementation in the integrated chip form.

ot

In accordance with a further aspect o the present

invention, the circuit topology and layout of the resonator 1is

preferably selected 1in such a way that i1t supports uniform

negative resistance over a fairly wide frequency band and the

microstripline resonator is replaced by an EM coupled resonator

thereby producing a relatively high time average loaded Q 1n the

resonator circuilt. The EM coupled resonator 1s preferably

connected through a coupling capacitor between a Dbase and a

p—

collector of a three terminal active-device and the negative

resistance adjusts in response to the change in the oscillator

frequency over the frequency band. In that way, the phase shift

of a negative resistance-generating network is dynamically tuned
to meet the phase shift criteria for resonance over the operating

frequency band of lnterest.

The noise performance optionally may be improved over

the wideband by appropriately choosing the spacing between the EM

coupled resonators. Further optimization of phase noise 1is

accomplished by incorporating noise feedback DC- bias and noise

filtering at the emitter. By doing so, the control parameters such
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as negative resistance, loop gain and phase shift can be adjusted

so as to improve the phase noise performance over the operating

frequency band. In accordance with this aspect of the present

invention, such phase noise improvement may be achieved using any

three terminal active device.

In accordance with an additional aspect of the present
invention, the EM coupled resonator advantageously provides a

multi-octave band voltage controlled oscillator that is amenable

integrated circuit form. In addition, the noise performance over

-40°C to +90°C may be maintained

p—

an operating temperature range o

throughout the octave band of operation and the structure of the

layout remains same for the other higher freguency band.

In accordance with another aspect of the invention, a

method for reducing the phase noise of the wideband VCO in the

frequency range of 400 - 1300 MHz and 1000 - 3000 MHz is provided.

Furthermore, the freedom of selection of the frequency band,
compact size, low cost, low power consumption, and stability over
temperature range make this topblogy advantageously adaptable for
mobile communication applications, such those described in
relation to wireless phones, personal digital assistants, laptops
or any other portable device.

An EM coupled resonator may be connected across a base

and a collector of a three terminal device through a coupling

capacitdr that 1s electronically tuned by applying a tuning

voltage to a tuning network integrated with an EM coupled

resonator. An additional feature and advantage of this topology is

)

the provision of a user definable frequency band that may be

achleved by adjusting the length and spacing of the coupled-

resonators. These and other advantages are achieved through the
use of one or more resonant circuit branches, which include two or

more coupled resonators with a tuning diode network incorporated

across the coupled resonator circuilt.

Accordingly, one aspect the present invention includes

circuitry for a voltage controlled oscillator comprising an
evanescent mode coupled resonator coupled across a first terminal

and a second terminal of a three terminal device that 1is

electronically tuned by applyling a tuning voltage to a tuning
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network integrated with the evanescent mode coupled resonator. In

~a further aspect, a method for adjusting the tuning range of an

oscillator over a wide frequency band while maintaining low phase

noise performance includes capacitively coupling an evanescent
mode resonator between the base and collector of a three terminal
active-device such that the negative resistance adjusts in

response to a change in the oscillator frequency, incorporating a

noise feedback DC-bias circuitry at the emitter of the three

—

terminal device and filtering the noise at the emitter of the

three terminal device.

A microstripline coupled-resonator in accordance with an

—

aspect of the present invention with which the above and other

advantages can be accomplished may be characterized as an

o
—

evanescent mode buffer, which improves the time average loaded Q

of the integrated resonator with the tuning diode network over

wideband operation.

In accordance with a further aspect of the present

invention, the oscillator may be constructed such that the

integrated EM coupled resonator 1s employed 1in place of the

conventional LC or microstripline resonator circuitry and the

phase shift is adjusted by varying the tuning diode across the

base and collector.

In accordance with a further aspect of the present

invention, wideband tunability 1is provided through a tuning

network, which can support more than octave band tunability

without degradation of the loaded Q of the resonator circuit.

Another aspect of the present invention allows a wvoltage to be

tuned over both a wide range for the purpose of coarse freguency

| —

tuning and over a narrow range for purpose of frequency fine-

tuning.

In yet another aspect, the present invention

advantageously provides a cost effective, power efficient (5V,
15mA), ultra low phase noise (better than -116dBc/Hz @ 10KHz and -
137 dBc/Hz @ 100 KHz offset for the frequency band 400 -1300 MHz)

voltage controlled oscillator that 1s amenable to integration in

chip form.
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In yet another aspect, an oscillator implemented in

accordance with the present invention typically be employed where

ultra low phase noise performance i1is desired. In particular,

whether the medium is discrete or integrated, the Colpitts class

of resonant oscillators have been generally used for ultra low

noise applications. While the topology can take a number of forms,

a defining characteristic of a Colpitts oscillator is a capacitive

voltage divider that provides positive feedback around an active

galin module. Colpitts oscillator circuits have empirically been

recognized as offering good phase noise performance. The noise

performance of a Colpitts 1s generally attributed to the

discontinuous conduction of the active device, which is controlled

by the conduction angle and timed via a feedback network such that

current is only supplied to the resonator network during a portion

e

of the period when the oscillator phase is not easily perturbed.

Nevertheless, the Colpitts configuration does not Ggenerally

support wideband tunability and i1f the base of the active gain

device, e.g., transistor, is grounded for fairly broadband

operation, it typically results 1n poor phase nolse performance

over the frequency band (more than octave band). In another

configuration, a resonator may be placed across the collector and

base of a transistor and used to dynamically tune the negative

resistance as well as the phase of the circuit to meet the

oscillator stability criteria over the entire frequency band. A

drawback of this topology is the resulting low impedance at higher

frequencies. In addition, because of poor isolation between the

energy storage network (resonator) and the power supply that

eventually generates low frequency modulations, the phase noise
deteriorates at lower frequencies in addition to the sidebands.
These problems may be overcome in accordance with a further aspect

gu—
b

of the present invention by adjusting the phase along the loop of

the noise feedback bias circuitry and providing filtering

clrcuitry at the emitter of the transistor as 1s discussed above

and shown in the accompanying drawings.

A voltage controlled oscillator implemented in

accordance with the present invention may be employed 1n any

number of devices that are used to communicate on data, telephone,
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cellular or, in general, communications network. Such devices may

include but are not limited to, for example, cellular phones,

personal digital assistants, modem cards, lap tops, satellite
telephones or RF transceivers. As a general matter, the
oscillator circuitry shown in the various drawings and described

above may be employed in a PLL to either generate a clock signal

that may be used to transmit or recover information transmitted or

received over a network. In addition to wireless networks, the

circultry of the present invention may be employed 1in wired

networks, satellite networks, etc.

Although the invention herein has been described with

reference to particular embodiments, it is to be understood that

Chese embodiments are merely illustrative of the principles and

F

applications of the present invention. It 1s therefore to be

understood that numerous modifications may be made to the

l1llustrative embodiments and that other arrangements may Dbe

devised without departing from the spirit and scope of the present

invention as defined by the appended claims.
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CLATIMS

1. An oscillator, comprising:

an active device having first, second and third

terminals; and

a plurality of resonators coupled across the first and

second terminals of the active device and at least one additional

resonator capacitively coupled across the plurality of resonators,

the at least one additional resonator being operable as an

- =

evanescent mode buffer capable of storing a select amount of radio

frequency energy present in the oscillator.

2. The oscillator of claim 1, wherein the active

device comprises a transistor and the first terminal, second

terminal and third terminal of the active device each respectively

comprise the base, collector and emitter of the transistor.

3. The oscillator of claim 2, wherein the plurality of

resonators are capacitively coupled across the base and collector

F

of the transistor.

4 , The oscillator of «claim 2, wherein a first

r—

resonator of the plurality of resonators is inductively coupled to

gy

a second resonator of the plurality of resonators.

5. The oscillator of «claim 1, further comprising

tuning circuitry éoupled across the plurality of resonators for

o

adjusting an output frequency of the oscillator and wherein the

tuning circuitry and plurality of resonators are capacitively

coupled across the first and second terminals such that a negative

resistance associated with the active device adjusts in response

to adjustments of the tuning circuitry.

6. The oscillator of claim 1, further comprising a

tuning diode coupled across the plurality of resonators and

operable as a tuning capacitor to adjust the operating frequency

g

of the oscillator over a frequency band.
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7. The oscillator of claim 1, further comprising a

feedback and bias circuit coupled across the first and second

terminals of the active device and operable to feedback a select

amount of phase into the active device in response to tuning of a

tuning diode coupled across the plurality of resonators and first

and second terminals of the active device.

-y o=
Pty

8 . The oscillator of claim 1, wherein the plurality of

resonators are selected from the group consisting of as micro-

strip line, strip-line and Fin line resonators.

9. The oscillator of claim 8, wherein the micro-strip

line resonators comprise part of an integrated circuit.

10. The oscillator of claim 1, further comprising a

noise filter coupled to the third terminal of the active device.

11. A voltage controlled oscillator, comprising:

a transistor having Dbase, collector and emitter

terminals;

a plurality of resonators capacitively coupled across

the base and collector terminals of the transistor, at least one

resonator of the plurality of ©resonators operating as an

evanescent mode buffer to store a portion of the energy present in

the oscillator; and

tuning circuitry coupled across the base and collector

terminals of the transistor, the tuning circuitry being operable

Lo tune a negative resistance associated with the transistor.

gr—

12. The wvoltage controlled oscillator o claim 11,

further comprising a dynamically tunable noise filter coupled to

the emitter terminal.

13. The voltage controlled oscillator of claim 12,

wherein the dynamically tunable noise filter comprises a lumped RC

filter having a variable capacitor.
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15. The voltage controlled oscillator of claim 11, wherein
the transistor is a device selected from the group consisting of

bipolar, MOSFET (Metal Oxide Semiconductor Field Effect

Transistor) and GaAsFET (CGallium Arsenide Field Effect Transistor)

active three terminal devices.

16. The voltage controlled oscillator of claim 11, further

comprising a Schottky diode coupled across the base and collector

of the transistor.

17. The voltage controlled oscillator of claim 15, further

comprising circuitry coupled in parallel with the Schottky diode

ACross the base and collector of the transistor.

18. The voltage controlled oscillator of claim 11, further
comprising a tuning filter coupled to the collector, the tuning

filter having a rejection band that is dynamically tunable in

response to tuning of the tuning circuitry.

resonators.

20. A telephone, comprising:

a phase lock loop for generating a clock signal used to
transmit or recover information signals communicated by the

telephone, the phase lock lopp comprising a voltage controlled

oscillator for generating the clock signal, the voltage controlled

osclllator comprising:
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a transistor having  Dbase, collector and emitter

terminals;

' S

a plurality of resonators capacitively coupled across

P

the base and collector terminals of the transistor, at least one

resonator of the plurality of resonators operating as an

evanescent mode buffer to store a portion of the energy present in

the oscillator; and

tuning circuitry coupled across the base and collector

terminals of the transistor, the tuning circuitry being operable

to maintain a substantially uniform negative resistance over a

tuning band of the voltage controlled oscillator.
21l. An oscilllator, comprising:

an active circuit element having an input and an output;

means for feeding back a select amount of phase noise
appearing at the output of the active circuit element into the
input of the active circuit element;

a resonator circuit coupled across the input and output

0l

of the active circuit element, the resonator circuit being

operative to determine a frequency of oscillation associated with

F

an output signal appearing at the output of the active circuit

element; and

circultry coupled across the resonator circuit, the

circuitry being operative to store excess energy coupled into the

resonator circuit for a given period of a cycle associated with

the output signal.

22. The oscillator of claim 21, further comprising a

tuning circuit coupled across the resonator circuit and operative

to tune the frequency of oscillation associated with the output

slgnal.

23. The oscillator of claim 22, wherein the tuning

clrcult tunes the frequency of oscillation associated with the

output signal while keeping a negative resistance associated with

the input and output of the active circuit element uniform.

Z4. The oscillator of claim 22, further comprising a

filter coupled to the output of the active circuit element,

wherelin a rejection ratio associated with the filter is tuned as a

voltage associated with the tuning circuit is adjusted.
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=

25. The oscillator of claim 21, wherein the resonator

cilrcult 1s coupled to the active circuit element through a pair of

pil

varlable capacitors parallely coupled across the input and output

g

of the active element.
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PHASE NOISE PLOT
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FIG. 8

PHASE NOISE PLOT
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FIG. 8

PHASE NOISE PLOT
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