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Abstract—The low quality factor of the inductors fabricated in
fully-integrated LC tanks results in a poor indirect stability of the
oscillators, which are therefore highly sensitive to low-frequency
noise and disturbances coupled through substrate and supply lines.
The paper addresses the design of a 2-V voltage-controlled oscil-
lator (VCO) at 2.6 GHz fabricated in a Si-bipolar process with T

of 20 GHz. The circuit bias and the transistor layout have been
specifically optimized to minimize the phase noise degradation due
to the intrinsic low indirect stability. A single sideband-to-carrier
ratio (SSCR) of 104 dBc/Hz at 100 kHz is demonstrated with
less than 14 mW power consumption.

Index Terms—Bipolar transistor oscillators, oscillator stability,
phase noise, voltage controlled oscillators.

I. INTRODUCTION

T HE high phase noise level in the voltage-controlled oscil-
lator (VCO) embedded in the frequency synthesizer, is one

of the major limitations to the full integration of transceivers for
wireless applications. For this reason many demonstrations of
low phase noise integrated oscillator have recently appeared in
literature. The rush toward even better performance has how-
ever hidden a conceptual aspect so far: the low-factor of the
fully-integrated LC tanks intrinsically leads to poor indirect sta-
bility of these circuits.

In practice, the VCO frequency is not simply set by the
tank, but also by the additional loop phase delaydue to the
active elements. From basic oscillator theorymay be written
as [1]

(1)

The delay depends on the transistor bias current. Therefore
its low-frequency noise, as well as the disturbances from sub-
strate and from supply lines, can modulate, leading to phase
noise degradation [2]. For this reason the good noise perfor-
mance achieved in a stand-alone VCO can be highly degraded
once it is embedded into a complete transceiver.

This paper presents a fully-integrated VCO at 2.6 GHz specif-
ically designed to minimize the impact of the weak indirect sta-
bility on phase noise performance. Those are often expressed in
terms of single sideband-to-carrier ratio (SSCR), the ratio be-
tween the noise power at an offset from the carrier and
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Fig. 1. Differential oscillator schematic.

Fig. 2. (a) Measurements of oscillation frequency versus tail current for a
nonoptimized (triangles) and for the optimized oscillator (dots); simulated
behavior of a0:35 �m-complementary metal oxide semiconductor (CMOS)
oscillator with similar circuit topology (squares). (b) Measured and estimated
SSCR@100 kHz for the nonoptimized (solid line with triangles, and dash-dotted
line, respectively) and for the optimized VCO (solid line with dots, and dashed
line).
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Fig. 3. Spectrum analyzer snapshot of the optimal SSCR@100 kHz for the optimized oscillator.

the power of the carrier itself . The circuit has been im-
plemented in a bipolar technology with- - devices having a
maximum of 20 GHz [3] and spiral inductors with a quality
factor of about 8. The design has been optimized for low
power consumption.

II. OSCILLATOR OPTIMIZATION

Fig. 1 shows the circuit topology. The oscillator’s indirect
stability was quoted by measuring versus the bias current,

; the triangles in Fig. 2(a) were obtained from a first imple-
mentation of the circuit, with 3-V power supply. The shape of
the curve can be easily interpreted, referring to (1). In that for-
mula the phase shift is due to the transistors’ base transit time
( ) which depends on the bias current:

1) at low , the main contribution to the stray capacitance
is the junction capacitance, which is almost constant

with bias current. Therefore the transit time decreases as
grows and the oscillation frequency increases;

2) at high currents, increases steeply due to the base
push-out effect [4], thus reducing the oscillation fre-
quency.

The sensitivity the low-frequency noise of ,
having a power spectral density , and the outputSSCR
at from the carrier. The noise of modulates the output
frequency, therefore it results, [2]

(2)

This effect explains the measuredSSCRdependence on the
oscillation amplitude [solid line with triangles—Fig. 2(b)].
In fact can be increased only by rising , thus changing
the sensitivity of the circuit itself to the bias current noise and
substrate disturbances. The SSCR reaches a minimum when

is zero, then it rises again. The dash-dotted line in
Fig. 2(b) was computed by measuring and then plugging it
into (2).

Better performance could therefore be achieved by smoothing
the dependence on and shifting the frequency peak (where
the sensitivity is zero) to a larger . For this purpose the layout
of the transistor pair was changed. While in the first circuit the
devices featured a square emitter area of m , in a second
version the emitter area was enlarged to m and drawn in-
terdigitated in the layout, thus displacing the onset of high in-
jection effects to larger .

The changes prove quite effective. The circles in Fig. 2(a)
show the dependence of vs. for the new circuit. The

peak has been shifted up from 3 to 6.5 mA, and the max-
imal derivative has been reduced from 25 down
to 3.5 MHz/mA. The minimumSSCR[circles in Fig. 2(b)]
displaces to a nearly doubled , as expected, and improves
from to dBc Hz. Such a reduction is larger than
the 6 dB expected, because also the thermal noise of the
differential pair decreases.

Since the new circuit is less sensitive to tail current noise, the
resistance was removed, making it possible the reduction
of the power supply from 3 V to 2 V. The power consumption
is now less than 14 mW. Fig. 3 shows the output spectrum of
the optimized oscillator. At 2-V supply the VCO tuning range
is 250 MHz, or about 10% of the center frequency.

III. COMPARISON WITH THEPRIOR ART

Fig. 4 sketches the comparison of the VCO performance with
the ones reported in literature, both in bipolar and CMOS tech-
nologies [9]–[16]. Since theSSCRdepends on both the term

and on , i.e., on the oscillator power consumption,
an appropriate figure of merit (FOM) is

(3)

where is the power dissipation of the oscillator, expressed in
milliwatts [5]. Note that the delivered output power instead is
not directly related to theSSCRperformance. The VCO pre-
sented in this work ranks as the best among the bipolar ones,
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Fig. 4. FOM computed on recently reported VCOs’ using spiral inductors.

the improvements is mainly to the understanding and elimi-
nation of the main phase noise mechanism. The circuit in [6]
capitalizes on its quite high oscillation frequency to attain a
figure better than the one of the novel oscillator; indeed, [7]
and [8] also are close. In all of these cases the VCOs’ were
CMOS-built. CMOS VCOs’ usually outperform their bipolar
counterpart, even featuring higher flicker noise, because their
sensitivity to the tail current disturbances is practically zeroed.
The squares in Fig. 2(a) outline the dependence as simu-
lated for a CMOS VCO designed with the same topology as in
Fig. 1, using a m technology. It is apparent that the bipolar
VCOs’ design is much more critical for what concerns the iso-
lation from low-frequency noise and disturbances. However, in
this work we have demonstrated how it can be judiciously han-
dled and optimized.

IV. CONCLUSION

A fully-integrated 2.6-GHz voltage-controlled oscillator
(VCO) with low phase noise and low power consumption has
been fabricated in a 20-GHz Si-bipolar process. The low noise
performance has been obtained by minimizing the impact of
low-frequency noise and disturbances coming from the tail.
At this aim the transistors of the differential pair have been

designed to move their peak of at high currents. The new
design allows for the adoption of a lower supply voltage with a
corresponding decrease of the power consumption.
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