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Adaptivity of Voltage-Controlled Oscillators—
Theory and Design

Aleksandar Tasić, Wouter A. Serdijn, and John R. Long

Abstract—Analog RF front-end circuits are typically designed to
perform one specific task, while key parameters such as dynamic
range, bandwidth and selectivity are fixed by the hardware design
and not by the communication system in an adaptive way. As a re-
sult, today’s receiver topologies are designed to function under the
most stringent conditions, which increases circuit complexity and
power consumption. However, the conditions under which the RF
circuits operate are not fixed but vary widely and depend upon a
multitude of factors. Therefore, a concept of design for adaptivity is
introduced in this paper. It establishes a trajectory for an all-round
performance characterization of adaptive oscillators with an ex-
plicit qualitative and quantitative description of all the existing
relations and tradeoffs among the oscillator performance param-
eters. As a proof of concept, an 800-MHz adaptive voltage-con-
trolled oscillator is designed with phase-noise tuning range of 7 dB
and more than a factor 3 saving in power consumption, suitable for
unobtrusive mobile equipment, foreseen to operate in this band.

Index Terms—Adaptive circuits, analog circuits, loop gain, low-
power integrated circuit (IC) design, phase-noise tuning, RF cir-
cuits, voltage-controlled oscillators (VCOs).

I. INTRODUCTION

WIRELESS telecommunication transceivers should be
broadband, low power, and adaptive. Broad bandwidth

supports high data rates demanded by emerging applications.
Adaptivity accommodates varying channel conditions and user
and application requirements, while consuming as little energy
as possible ensures long talk times on one battery charge.

While aspects of broadband and low-power RF circuit de-
sign have been addressed [1], [2], the issue of adaptivity has
not progressed further than switching between different circuits.
This approach is simple to implement, but is neither optimal in
cost nor power consumption [3]. However, by sharing functional
blocks, adaptive RF front-end circuits offer reduced complexity,
chip area and over-all cost.

Many parameters and figures of merit characterizing the per-
formance of voltage-controlled oscillators (VCOs) have been
introduced, but the interaction and design tradeoffs between
theses metrics are often unclear [4], [5]. Therefore, explicit qual-
itative and quantitative descriptions [6], [7] of the existing rela-
tionships and tradeoffs between VCO performance parameters
are outlined in this paper.

The adaptivity phenomena of oscillators are introduced in
the following section. Section III describes phase-noise perfor-
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mance of an adaptive quasi-tapped (QT) bipolar VCO. Adap-
tivity figures of merit, viz., phase-noise tuning range and fre-
quency-transconductance sensitivity are derived in Section IV.
A proof-of-concept design example is outlined in Section V,
while Section VI summarizes the conclusions.

II. ADAPTIVITY PHENOMENA OF OSCILLATORS

The importance of low-voltage and low-power design has re-
sulted in the design of circuits operating at the very edge of the
required performance. Generally, analog RF front-end circuit
designs are aimed at fulfilling a set of specifications resulting
from specific, worst-case radio-channel conditions. However,
the fact that radio channels are not fixed but rather variant must
be taken into account in the design of RF circuits. Design for
adaptivity [8] is suitable for mobile equipment that supports var-
ious services and operate with variable workloads in a variety of
environments.

Design for adaptivity of oscillators encompasses phase-noise
tuning and frequency-transconductance tuning phenomena.

A. Phase-Noise Tuning

If the radio-channel conditions improve (or a relaxed com-
munication standard is active), poorer phase noise of oscillators
can be tolerated, leading to power savings. Responding to such
a new situation, design for adaptivity appears to be a solution as
a standard, fixed design is “blind” and “deaf” for volatile spec-
ifications set by communication systems.

By trading phase noise for power consumption, oscillators
and oscillating systems can be adapted to varying conditions
and also satisfy the requirements of the complete RF front-end
system. The concept of phase-noise tuning [6] shows explicitly
how phase noise and power consumption trade between each
other in an adaptive way.

The analytical description of this adaptivity phenomenon is
presented in Section IV.

B. Frequency-Transconductance Tuning

The design of low-power VCOs is usually aimed at a loop
gain slightly larger than the necessary minimum of one (e.g.,
two). In such cases, an increase in the capacitance of the os-
cillator’s LC-tank varactor in order to lower the oscillation fre-
quency results in an increase of the effective tank conductance.
If the design is “fixed” rather than adaptive, the oscillation con-
dition deteriorates as the loop gain is lowered. Accordingly, this
can bring an RF front-end to a halt, as there might be no oscil-
lations.

1057-7122/$20.00 © 2005 IEEE
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Fig. 1. QT LC oscillator.

In situations where power consumption is of less concern than
oscillator phase noise, the repercussions are different but not
less detrimental. In such situation, the oscillation condition is
rather relaxed, as the loop gain can be much larger than two.
However, the voltage swing across the LC tank will be reduced
due the increase in the effective tank conductance (increased
varactor capacitance), resulting in a worse phase noise perfor-
mance.

In both of these examples, the oscillator could still fulfill
the requirements if the bias conditions of the oscillator were
adapted. Thus, frequency-transconductance tuning [7]
is the control mechanism compensating for the change in the
VCO LC-tank characteristic, i.e., its conductance is changed due
to frequency tuning, by varying the oscillator’s bias conditions
(control of active part transconductance).

A figure of merit related to this adaptivity phenomenon is
analytically described in Section IV.

III. PHASE-NOISE PERFORMANCE OF QUASI-TAPPED VCOS

The QT bipolar VCO [9] shown in Fig. 1 is used to implement
the adaptive oscillator. It consists of a resonating LC tank and a
cross-coupled transconductance amplifier , with a tank
inductance , a tank varactor capacitance , and quasi-tap-
ping capacitances and . The bias source provides current

and includes degenerative impedance .
Feedback via tapped capacitors and has a manifold

role. First, it maximizes the voltage swing across the LC tank,
while active devices and remain far from heavy satu-
ration. Moreover, freedom to set base bias lower than the
supply voltage allows for a large tank voltage. Finally, ca-
pacitances and allow for a direct coupling of the oscil-
lation signal (oscillator) with the interfacing circuitry, obviating
the need for decoupling capacitors.

The quasi-tapping capacitances and serve to define
the quasi-tapping ratio and not only to facilitate biasing of the
transistors in the active part of the oscillator. The quasi-tapping
capacitances and determine the performance of the os-
cillator under consideration, being phase noise and power con-
sumption, equally with other elements in the circuitry.

Fig. 2. Simplified model of a QT oscillator.

The relationship between the parameters of the oscillator can
be summarized as

(1)

(2)

(3)

Here, and stand for the inductor and the varactor
series loss resistances, the effective tank conductance,

the quasi-tapping factor, the small-signal transconduc-
tance of the active part of the oscillator, the small-
signal conductance seen by the LC tank, the transconduc-
tance of the bipolar transistors and the thermal voltage.

A simplified model of the QT oscillator is shown in Fig. 2. In
this second-order1negative-resistance oscillator, the oscillation
condition is satisfied when the equivalent LC-tank loss is
compensated by the equivalent negative small-signal transcon-
ductance of the active part , after being transformed to
the resonating tank over the quasi-tapping capacitances, i.e.,

. The condition is referred to
as start-up condition of the oscillations, whereas the condition

is referred to as safety start-up condition (e.g.,
).

A. Noise Analysis

In the following analysis, it is assumed that the oscillator op-
erates in a near-linear fashion such that the original noise close
to the carrier contributes to a greater extent to the total oscil-
lator noise, compared to the other contributors, such as baseband
noise and the noise obtained after mixing from other harmonics.

The oscillator phase-noise performance depends mainly on
the components in the ac signal path, i.e., the transconductance
cell and resonator, when noise contributed by the bias circuit
is made negligible [11]. Moreover, as near-linear operation
assumes simultaneously active transconductor devices and

, noise from the tail-current source, being a common-mode

1Even though the QT VCO resembles a differential version of the Colpitts
oscillator, [10], there are two fundamental differences: 1) the Colpitts VCO is a
third-order harmonic oscillator and 2) it has optimal performance for a tapping
ratio (n) equal to 5.
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Fig. 3. Noise analysis. (a) Noisy oscillator model (left). (b) Noisy tank model
(right).

signal, can indeed be neglected from the analysis. Used for
qualitative inspection of the oscillators’ phenomena, these
assumptions enable easier interpretation [12] of the rather
complex noise generating mechanism in oscillators.

The main noise sources of the oscillator under consideration
are shown in Fig. 3(a). In order to switch to the equivalent model
of Fig. 3(b), it is necessary to transform the indicated noise
sources to the corresponding LC tank, . For the sake of
brevity, and because of symmetry, only one half of the oscillator
is depicted. However, in the following calculations, the com-
plete oscillator is analyzed.

Considered uncorrelated, all noise sources [Fig. 3(a)] add
to the equivalent noise source as given by (4) and
Fig. 3(b)

(4)

The corresponding “near-linear” noise contributions equal

(5)

(6)

(7)

(8)

is the base current shot noise, the collector current shot
noise and the base resistance thermal noise. and
stand for the collector and base currents of the transconductor
transistors, respectively.

Given the tank impedance

(9)

the voltage-noise spectral density across the LC tank equals

(10)

(11)

From (2) and assuming , the noise factor of the active part
for the start-up condition , simpli-

fies to

(12)

or for the reliable (safety) start-up condition ,
corresponding to the case with an excess small-signal loop gain

larger than one (e.g., ), it is given as

(13)

Indexes and correspond to the start-up and the
safety start-up conditions of the oscillations.

B. Phase Noise of QT VCOs

Phase noise of an oscillator is defined as the ratio of the
noise power in a 1-Hz bandwidth at a frequency , and
the carrier power

(14)

is the total voltage-noise spectral density (10) at the
output of the oscillator (LC-tank) and is the amplitude of
the voltage swing across the LC tank. Index QT refers to QT
oscillators.

As the noise parameters have already been derived, yet the
amplitude of the oscillation signal has to be determined
in order to calculate the phase noise of the QT VCO.

Defined as product of the equivalent tank resistance at the
resonant frequency and the first Fourier coefficient of
the current sensed by the LC tank, the voltage swing across the
tank equals

(15)

With the aid of (2), the start-up voltage swing over
the LC tank becomes

(16)

or for an arbitrary -times increase in power (loop gain),
equals

(17)

Now, with the aid of (11), (13), (14), and (17), the phase-noise
model of a QT oscillator becomes

(18)

This model is parameterized with respect to power consumption
via the small-signal loop gain defined as

(19)

Also, refers to the excess of the negative conductance neces-
sary for the compensation of the losses in the LC tank. Namely,
if the tank conductance is , then for the start-up of the
oscillations the equivalent negative conductance seen by the
tank must be , where is larger than one,
for the safety start-up usually set to a value of two. The linear
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phase-noise model (18) is used for analysis of VCOs with lower
loop-gain values, as they can be assumed to operate in near-
linear fashion.

C. Phase-Noise Ratio

The performance of the QT VCO will be characterized by
comparing a QT VCO to an oscillator with a different quasi-
tapping factor, e.g., a VCO with . Called a nontapped
(NT) VCO, it is an oscillator with directly coupled LC tank and
active part (i.e., the oscillator shown in Fig. 1 with
and ). The LC tanks of both oscillator types are assumed
identical.

With the aid of (18) and for an arbitrary distance from
the start-up condition, the phase noise of a QT VCO and an
NT-VCO can be written as

(20)

(21)

where , with being
the start-up small-signal transconductance of an
NT-VCO. Letting , the corresponding
phase-noise formulae transform into

(22)

(23)

Now, the ratio between the phase noise of a nontapped oscil-
lator and a QT oscillator , can be defined as

(24)

(25)

For and , the QT VCO reduces to the
NT-VCO, and obviously, the ratio PNR becomes equal to one.

The operating conditions that are used for the comparison of
oscillators are the same power consumption condition

, and the same distance from the start-up condition (i.e.,
the same loop gain, ). The latter because loop
gain is an important oscillator parameter. Without loss of gen-
erality, and for easier interpretation, we will assume that the
quasi-tapping factor equals two, .

From (25), the phase-noise ratio for the same power con-
sumption equals

(26)

As expected, a nontapped oscillator has better performance
than a QT oscillator, with respect to the phase noise for the same

power consumption. For example, if (the start-up con-
dition), and mS, there is a differ-
ence in phase noise of dB in favor of the nontapped
oscillator.

In a similar manner, the phase-noise ratio for the same excess
negative conductance is given as

(27)

This result shows that a QT oscillator has better performance
than a nontapped oscillator, with respect to the phase noise for
the same loop gain. Referring to the same example and
[6], there is a difference of dB in favor of a QT
oscillator.

Finally, we can conclude that the QT VCO with
(Fig. 1) and the quasi-tapping ratio close to one offers the most
design flexibility as it allows for the increased voltage swing
across the LC tank and improved phase noise
accordingly as well as for reduced power consumption ((26),

).

IV. ADAPTIVITY FIGURES OF MERIT

Adaptivity phenomena can be qualitatively and quantitatively
described by means of their figures of merit [13]. Phase-noise
tuning range describes phase-noise adaptivity of an oscillator
with respect to power consumption. Frequency-transconduc-
tance sensitivity describes compensation of the change in the
LC tank characteristic due to frequency tuning. Both metrics
are analytically derived in the remainder of this section.

A. Phase-Noise Tuning Range

Before the phase noise adaptivity metric is described, let us
broaden the meaning of the corner-stone parameter . In the
oscillator under consideration, the start-up condition is also re-
ferred to the minimum power condition. Apart from defining
how far the oscillator is from this state, parameter also charac-
terizes the increase in power. Namely, a -times larger negative
conductance of the active part of the oscillator requires a -times
increase in power in order to sustain the same loop gain (power
consumption is controlled by the tail current , shown in
Fig. 1).

Whereas the phenomenon of the adaptation of oscillator’s
phase noise to different conditions and specifications is named
phase-noise tuning, the figure of merit describing the oscillator’s
adaptivity to phase noise is named the phase-noise tuning range
(PNTR). For a -times change in power consumption, the
phase-noise tuning range of the QT VCO (Fig. 1) is, with the
aid of (18), defined as

(28)

where .
If the guaranteed (safety) start-up condition corresponds to

, in order to estimate the achievable phase-noise
tuning range, the loop gain , related to the best phase
noise, will be determined first.
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For the maximum voltage swing across the LC tank that sat-
isfies

(29)

the detrimental effects of both hard saturation of the transcon-
ductor transistors and , and the additional current-noise
of their forward biased base-collector junctions can be circum-
vented [14]. Here, is the supply voltage, the base po-
tential of transistors and their base–emitter voltage
and their collector–emitter saturation voltage.

Assuming that the bases of the transistors are, for the sake of
the simplicity, at the maximum supply voltage, i.e., ,
the maximum voltage swing across the LC tank (

V) equals (it is assumed that
V). On the other hand, the maximum voltage swing

corresponding to the nonsaturation condition (
V) is calculated from (29) as .
Compromising between larger voltage swing on
the one hand and weaker saturation on the other ,
we opt for a maximum voltage swing across the tank that equals

(30)

Now, with the aid of (17) and (30), and for , the max-
imal loop-gain value is found to be .

For example, if (the safety start-up condition)
and (expected best phase noise), and

mS, the PNTR for a quasi-tapping factor
equals

dB (31)

where and represent the maximum and the min-
imum phase noise corresponding to the values of and

, respectively.
The obtained result shows that for the oscillator under con-

sideration (equal supply and base bias voltages), a phase-noise
tuning range around 6 dB can be expected with a factor 3 change
in power consumption.

B. Frequency-Transconductance Sensitivity

Because of a change in frequency due to tuning of the LC-tank
varactor capacitance , the loop gain, the voltage swing and
the phase noise of the oscillator change as well [15]. If the oscil-
lator is designed at the very edge of the required specifications,
the change of the oscillation condition (i.e., reduced loop gain),
or the change of the noise produced (i.e., degraded phase noise),
puts the oscillator out of correct operation. In order to preserve
desired operation of oscillators, it is necessary to apply a control
mechanism to the bias current (i.e., ).

The concept of tuning illustrates the relationship be-
tween the varactor diode tuning voltage and the biasing tail
current , both indicated in Fig. 1. The objective is to find
the relationship between the tuning voltage and the effective
tank conductance on the one hand and the relationship be-
tween the tank conductance and the biasing tail current

on the other. The resulting sensitivity of the tail current to the
tuning voltage will show to what extent the biasing condition
should be changed in response to a change in the frequency, in
order to keep the oscillator operating under the specified condi-
tions.

The sensitivity of the LC-tank conductance to a change in a
tuning voltage is defined as

(32)

where tuning voltage corresponds to the resonant frequency
.
With the aid of (1) and (3), the sensitivity of the LC-tank

conductance to a change in varactor capacitance can be ex-
pressed in terms of LC-tank parameters

(33)

If the varactor capacitance is related to a tuning voltage as

(34)

where , and are the parameters of the varactor shown
in Fig. 1, the sensitivity of the varactor capacitance to a tuning
voltage equals

(35)

Note that the capacitance is related to the tuning voltage
and the frequency .

Linearizing the calculated sensitivity characteristics around
resonance, the change in the effective tank conductance can be
related to the change in the tuning voltage as

(36)

where the relating sensitivity has a form

(37)

To compensate for such a change in the tank characteristic,
the conductance seen by the tank should be changed
by the same amount. From (2), the relationships between the tail
current, the transconductance and the conductance converted to
the LC tank are determined

(38)

(39)

Combining these results, the change in the tail current relates to
the change in the absolute value of the conductance seen by the
LC tank as

(40)

Satisfying the condition [see (19)]

(41)
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the sensitivity of the tail current to the tuning voltage, referred to
the increase or the reduction in the tail current (power consump-
tion) in order to sustain the desired loop-gain value (oscillation
condition) is calculated as

(42)

With the aid of (37), (40), (41), and (42), we finally obtain

(43)

For the oscillator under consideration this expression allows
one to estimate to what extent the tail current should be changed,
as a result of a change in the tuning voltage (i.e., frequency), in
order to keep the oscillator operating under the required condi-
tions.

For example, for 900 MHz, 2 pF,
12.5 nH, 1 pF, 1 pF,

2 V, 1 V, 0.5 V, , and , where and
are the quality factors of the corresponding varactors and induc-
tors, the sensitivity 0.25 mA/V results. It infers that in
order to sustain the oscillations under the same condition (i.e.,
the same loop gain) the tail current should be either increased
or reduced (depending on the direction of the frequency tuning)
by 0.25 mA for a 1-V change in a varactor voltage. The counter-
part of the tuning in the circuitry is a simple amplitude
control mechanism, as constant loop gain means constant am-
plitude of the signal across the LC tank of the oscillator.

V. APPLICATION OF DESIGN FOR ADAPTIVITY

Single-mode, single-standard oscillators are conventionally
designed to satisfy the most stringent conditions, having all the
performance and circuit parameters fixed. As in portable de-
vices, e.g., unobtrusive electronics equipment, the RF front-end
circuits are exposed to such conditions only for a short period
of time during operation, this (over)design for worst case
conditions turns out to be rather expensive in terms of power
consumption. However, circuit adaptation to varying channel
conditions and application requirements ensures lower cost as
the adaptivity allows for considerable power savings as well as
longer battery life.

Selection of design parameters of an adaptive oscillator cir-
cuit is different from the design for a fixed performance. The
phase-noise adaptivity figure of merit (28) that accounts for a
number of oscillator operation conditions and required specifi-
cations forms a base for design of adaptive oscillators. Namely,
for given PNTR, the maximum loop gain can be de-
termined from (28) (the minimum loop gain is already known,
e.g., ). On the other hand, if the maximum and the
minimum loop gain values are know, the obtainable PNTR can
be determined from (28) (i.e., the range of oscillator adaptation
with respect to the phase noise).

Furthermore, from the maximum phase-noise requirements
and frequency tuning range requirement, the LC-tank parame-
ters can be determined, i.e., coil inductance and varactor capaci-
tance. Once the resonator components are known, the equivalent

Fig. 4. Chip photograph of the 800-MHz QT VCO.

tank conductance and the minimum power consumption
(current can be determined from (1) and (2), respec-
tively.

Finally, from the maximum loop gain on the one hand and the
minimum tail current on the other, the maximum power con-
sumption (tail current) can be found, providing an oscillator
with the required phase-noise tuning range.

A. An 800-MHz Adaptive VCO

Serving as a proof of concept, an adaptive VCO has been
designed that can trade performance, i.e., phase noise, for
power consumption and thereby can be adapted to varying
radio-channel conditions. An adaptive VCO [16] for use in the
800-MHz band is designed for a phase-noise tuning range of

dB with a factor 3.3 saving in power consumption.
The oscillator employs the topology shown in Fig. 1, with
base biasing and a tail-current source degenerative
resistance .

For a quasi-tapping ratio of , quasi-tapping capaci-
tances pF and pF have been chosen,
being the base–emitter capacitance of active devices and
adding to capacitance (see Fig. 1). For the variable capac-
itor (varactor), a reverse biased base-collector junction has been
employed. Optimized for low-power operation, a rather large in-
ductance value of 12 nH is chosen, laid-out in 1 um thick second
metal layer. A two-stage common-collector buffer has been used
as interfacing stage between the VCO and measurement equip-
ment. The sizing of the oscillator parameters has been done in
accordance with the design for adaptivity procedure, while the
optimization of the oscillator performance has been done with
the aid of the phase-noise-inductance simulator [17]. A good
match is obtained between the results predicted by calculations
and simulations on one the hand and the measurement results on
the other, emphasizing the merit of the undertaken design pro-
cedure.

The chip micrograph of the QT VCO is shown in Fig. 4. It
occupies an area of 1 mm , including bondpads. Wirebonded
on a 20-lead package, it is placed in a metal test fixture where
the measurements have been performed.
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Fig. 5. Frequency tuning range of the QT VCO.

Fig. 6. Maximum and minimum phase noise at 10-MHz offset from 800-MHz
oscillating frequency at tail-current levels of 5 and 1.5 mA.

For a 3-V tuning voltage, a frequency tuning range of 120
MHz, between 715 and 835 MHz, is achieved. The measured
frequency tuning range is shown in Fig. 5.

Using the devices that have been available in the employed
technology, characterized by the maximal transit frequency

8 GHz, the VCO achieves a phase noise of 135.8
dBc/Hz at 10-MHz offset from the 800-MHz oscillation fre-
quency at a current consumption level of 5 mA from a 3-V
supply. At a current consumption level of 1.5 mA, the oscillator
achieves a phase noise of 128.6 dBc/Hz at 10-MHz offset
frequency from the 800-MHz oscillation frequency. The plots
of the maximal and the minimal phase noise are shown in
Fig. 6. The achieved phase-noise difference of 7 dB trades with
a factor 3.3 reduction in power consumption.

In this single-standard application, the provided adaptivity is
utilized as a power saving mechanism, thereby enhancing the
oscillator performance.

The need for the frequency-transconductance tuning is de-
picted in Fig. 7, where the spectrum of the oscillator’s output
signal is shown.

Here, the oscillator is tuned to the resonant frequency
800 MHz at a tail-current level 2.5 mA. The measured
signal power is 19 dBm, corresponding to a loop gain value

. By tuning the resonant frequency to 740-MHz the
oscillation signal output power changes to 26 dBm, and os-
cillator loop gain to . Any further reduction in frequency,
at the same power consumption level, results in a disappearance

Fig. 7. Frequency-transconductance tuning from 800- to 715-MHz oscillating
frequency at 2.5-mA tail current level.

of the oscillations as the oscillation condition doesn’t hold any
more, i.e., . This is shown in Fig. 7 at left.

B. Application of Adaptivity to MultiStandard Designs

Demands for new telecom services requiring higher capac-
ities and higher data rates have motivated the development of
broadband, third-generation wireless systems. The coexistence
of second and third generation cellular systems requires multi-
mode, multiband, and multistandard mobile terminals.

Multistandard front-ends typically use duplicate circuit
blocks, or even entire radio front-ends for each standard.
Although this approach is simpler to implement, it is neither
optimal in cost nor in power consumption [3].

Another solution is a design that satisfies the most stringent
specification of the most demanding standard. However, such
designs consume more power than necessary when operating
under more relaxed conditions of the less demanding standards
[18].

To prolong talk-time, it is desirable to share circuit func-
tions across multiple standards in these multifunctional hand-
sets. This can be achieved by using adaptive circuits that are
able to trade off power consumption for performance on the fly
[19].

Adaptive RF circuits allow for reduced area, power consump-
tion, and most importantly lower cost in both single-standard
and multistandard terminals.

VI. CONCLUSION

Frequent changes of conditions under which communication
systems of today operate necessitate new design philosophy of
analog RF front-end circuits. Therefore, a concept of design for
adaptivity is introduced in this paper, establishing a procedure
for performance characterization of adaptive oscillators with an
explicit qualitative and quantitative description of the relation-
ships and tradeoffs between the oscillator performance param-
eters.

First, the presented concept of phase-noise tuning has ex-
plained how oscillators can trade performance for power con-
sumption in an adaptive way. It has been shown what are the
extremes of the phase-noise tuning range and the power con-
sumption saving.
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Furthermore, the concept of frequency-transconductance
tuning has been presented. The derived analytical expressions
show how this concept can be employed in order to achieve full
control over the operation of the oscillator that is changed as a
result of frequency tuning.

Finally, an 800-MHz adaptive voltage controlled oscillator
design has been described as a proof-of-concept, allowing for
a phase-noise tuning range of 7 dB and more than a factor three
saving in power consumption.
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