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Abstract: A fully integrated 3GHz low-power and low-phase-noise voltage-controlled oscillator (VCO) with a self-biasing

current source was implemented in a standard 0. 18xm CMOS process. A trade-off between noise and power was realized

through the optimization of the improved current source. The VCO can be tuned from 2. 83 to 3. 25GHz with a 13. 8%

tuning range. The measured phase noise at IMHz offset is — 111dBc/Hz at a frequency of 3. 22GHz while the core circuit

draws less than 2mA from a 1. 8V supply voltage. These results make the circuit suitable for a 5GHz wireless local area

network (WLAN) receiver and 3. 4 to 3. 6GHz world interoperability for microwave access (WiMAX) application.
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1 Introduction

The VCO is an essential building block in modern
communication systems. Being the heart of the fre-
quency synthesizer, the VCO plays an indispensable
role in RF transceivers. For systems with high dynam-
ic range requirements,the VCO must achieve a corre-
spondingly high degree of spectral purity. With the
rapid development of CMOS technology and large de-
mand for wireless communication, low cost and low
power consumption are the most significant consider-
ations for circuit design. In any integrated wireless
transceiver systems, the frequency synthesizer usually
consumes the most power, excluding the PA. To
achieve low power and low phase noise, the VCO, as
the core of the synthesizer, should be properly de-
signed'*). However.it is a great challenge to design a
high-performance VCO in a low-power application.
Because traditional oscillators generally work in the
current-limited region, there is a strong relationship
between the phase noise and the current:a drop in the
core current will result in the deterioration of the
phase noise by 20dB/dec'"*.

So far, a number of methods to improve the
phase noise have been proposed. In Ref.[3], by using
a filtering technology, a tail current noise reduction
lowered the phase noise, but the shortcomings of this
method was to use an extra inductor and capacitor to
form a passive LC filter, resulting in increased chip
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arca and cost. In Ref. [4], removing the bias current
source improved the phase noise, but it was problem-
atic due to increased sensitivity to power supply
noise. The contribution of the current source, howev-
er, dominates other sources of phase noise, like the
tank resistance and the differential pair FETs. It is
feasible to greatly improve the phase noise perform-
ance by optimizing the sizes of the current source
transistors, which is the focus of our work.

In this paper,we present a completely integrated
3GHz current-biased differential VCO in a 0. 18pm
process. Through the optimization of an improved
self-biasing current source, we achieve low power con-
sumption, low phase noise performance, and small
chip area without any off-chip components, reducing
the complexity and the costs.

2 Circuit design

It is difficult to realize a widely tuned VCO with
a trade-off between low phase noise and low power
consumption. Here we adopt a proper VCO topology
and apply an improved self-biasing current source to
reduce phase noise and power, both of which will be
introduced below.

2.1 LCYVCO

The VCO core is based on conventional cross-
coupled negative-G,, topology,as shown in Fig. 1.
To reduce the phase noise, we designed an LC
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Fig.1 Simplified schematic of the VCO

tank with high Q,composed of a symmetric spiral in-
ductor with center-tap and an accumulation-mode
MOS (A-MOS) varactor. The selection of on-chip in-
ductors is crucial to the design of low-phase-noise
VCOs. In our design, an inductor library of wide-
spread values and different qualities was provided by
the foundry. Figure 2 shows the inductor values,quali-
ties,and turns at the operating frequency of around
3GHz. From the chart, we choose a proper inductor
for our design. In addition, we use two cross-coupled
pMOS transistors M1 and M2 to generate the negative
impedance required to cancel the losses of the LC
tank, which reduce phase noise, for the pMOS tran-
sistors to attain a lower close-in noise than the nMOS

transistorst®®

. Finally, a structure of improved cur-
rent source is also adopted to lower the phase noise,
which will be described in the following section.

To reduce the power consumption, we limit the
current to less than ZmA and keep the VCO working
in the current-limited region. To get a large frequency
tuning range, we adopt an accumulation-mode MOS
(A-MOS) varactor of moderate value.

In order to drive 500, we have adopted a self-
biased inverter-type buffer amplifier, as shown in
Fig. 1. By careful design, the effect of the buffer
amplifiers on the phase noise can be diminished.

2.2 Self-biasing current source

The current of the LC tank is provided by the
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Fig.2 Relationship between inductance, qualities and turns at
3GHz
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Fig.3 Schematic of the self-biasing current source

improved self-biasing current source shown in Fig. 3.
On the right side of the chart is a startup circuit em-
ployed to avoid I, being zero. I, variation is lower
than 1% for voltage supply variations of 10% "' . This
technology is known as the V' reference, also called
the bootstrap reference® . By adjusting the resistor
R, in Fig. 3,a suitable current for the VCO core mod-
ule can be supplied.

The noise contribution of the current source can
affect the VCO’s phase noise significantly through
up-conversion. The degradation in phase noise due to
bias noise is shown to be a function of MOS device
sizing. By exploiting this dependency, bias noise con-
tributions to phase noise can be minimized by design
rather than through filtering. The smaller the product
of the current source transconductance and the tank
resistance,the smaller the contribution of the current
source to the oscillator noise factor F.So,we can re-
duce the current source device transconductance as a
more viable alternative. For a current source device
with a larger W/L, the overdrive is smaller and
therefore,the lowest “available” phase noisc is lower
than that with a larger W/L. In addition, a larger
current source transistor reduces the device flicker
noise, which is inversely proportional to the tran-
sistor'*),

By optimizing the proportion among the dimen-
sions of M5, M2, and M1, and adding two poles with
MS8,M9,and M10 to filter out any noise from the ref-
erence circuit,we can achieve a great improvement in
phase noise performance. This circuit itself has lower
current consumption,less than 200pA.

3 Experimental results

The VCO was fabricated in a commercial 0. 18:m
CMOS process. The measurement is performed on an
FR-4 PCB test fixture. An HP8591 spectrum analyzer
is used to measure the spectral density of the proposed
VCO. The measured spectral densities give the funda-



2108 e

%29 &

Fig.4 Chip photograph of the LC tank VCO

mental frequency of 3. 22GHz and the output power is
around —12dBm.

Figure 4 shows the microphotograph of the fabri-
cated chip. All pads are ESD protected and the on-
chip inductors are implemented with top metal to get
a higher Q. Figure 5 shows the output spectrum at
3.22GHz.with —12dBm output power for the circuit
with the operated tail current of 2ZmA.

From the delta-mode marker in Fig. 5, we get a
phase noise of about — 111dBc/Hz at 1MHz offset
from the following equation:

L(foe) = T01g T
S

B.
1Hz

= P, + C, - 10lg Py

(D
where L (fu ) is the phase noise at offset frequency
fortser from the carrier (in dBc/Hz) , B,, is the measure-
ment bandwidth (in Hz), C,, is the calibration coeffi-
cient of the testing system (about 2~3dB), P,, is the
noise power in measurement bandwidth (in dBm),
and Py is the signal power (in dBm)"".

Figure 6 shows the simulation results of the sche-
matic circuits (150MHz higher than that through As-
sura to extract parasitic resistors and capacitors) and
experimental results. The figure indicates that the test
results are around 150MHz lower than the simulation
results.

A widely used figure of merit (FOM) to compare
VCOs is defined as
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Fig.5 Output spectrum of the VCO at 3. 22GHz

3.40
335
3.30F
325
320
3151
3.10F
3.05F

—*—Measurement
—— Simulation

Output frequency/GHz

g

=

S
T

2951
290

1 1 1 1 1 1 1 1 1 1
02 0 020406081.012141.6 1.8 2.0
Tuning voltage/V

Fig.6 Tuning characteristics of the 3. 22GHz VCO

o\ 1
FOM = (i—f) X TP (2)
where L (Af) is the SSB phase noise measured at Af
offset from f, carrier frequency and P is the DC pow-
er consumption in mW.

Table 1 summarizes the measured performance of
the designed 3GHz CMOS VCO with self-biasing cur-
rent source. Table 2 shows a performance comparison
with recent works using the FOM calculation ex-

pressed by Eq. (2).
4 Conclusion

A monolithic low-power and low-phase-noise
VCO based on a symmetric spiral inductor with
center-tap and A-MOS varactors was implemented in
a 0.18pym CMOS process with six metal layers. The
optimization of the improved current source allows a
trade-off between noise and power. The fabricated

Table 1
VCO

Measurement performances summary of the CMOS

Frequency range 2. 83 to 3. 256GHz(13. 8% tuning range)

Phase noise (PN) —111dBc/Hz @ 1MHz offset

Supply voltage 1.8V
Current consumption 2mA (output buffer de-embedded)
Figure-of-merit (FOM) —175. 6dB

590 X 300(VCO core) + 163 X175

Chip area .
(Current Ref.) pm?(excluding pads)

Technology 0.18um CMOS

Table 2 Comparison with recently published VCOs

Power diss

Tech /mW (Af/fo) | Phase-noise FOM
Reference

/pm (output buffer |/(M/GHz)| /(dBc/Hz) |/(dBe/Hz)

de-embedded)

This work | CMOS 0.18 3.6 1/3.228 - 111 -175.6
Ref.[11] | CMOS 0.18 | 12.6~26.28 1/3.17 -111~-102 -170
Ref.[12] | CMOS 0. 18 12 1/3.2 -101 -160.3
Ref.[13] | CMOS 0.25 13.2 1/3.031 - 118 -176.4
Ref.[14] | CMOS 0.18 3.6 1/3.05 -111.4 -173.8
Ref.[15] | CMOS 0.18 18 1/3 -119 -176
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VCO operates between 2.83 and 3. 25GHz, corre-
sponding to a 13% tuning range, at a 1.8V supply
voltage and less than ZmA supply current for the
VCO'’s core circuit. Phase-noise measurements show a

phase-noise of —111dB¢/Hz at 1MHz from the

3. 22GHz carrier.
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