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Abstract — A fully integrated 10 GHz LC voltage
controlled oscillator is presented. The VCO is implemented
in 6 metal 0.18um CMOS process. The VCO achieves a wide
tuning range of 20.1% (10.20 GHz to 12.48 GHz), and
provides an output power of -3 dBm, while drawing 22.7mA
from 2.2V power supply. The measured phase noise is

—125.33 dBc/Hz at 1 MHz offset from the carrier at 10.3GHz.

The VCO figure of merit is a record low —188 dBc/Hz.

1. INTRODUCTION

The fast expansion of the telecommunication market
and the demand for high data-rate transmission has
brought about intensive research in high frequency
transceiver. The primary challenge is in the design of the
front-end which down-converts the high frequency signal
to the base band for further data recovery and processing.
Implementation of the front end in CMOS is attractive
due to low cost and possibility of integration with base
band circuits. The feasibility of high frequency front-end
in CMOS has been enabled by the aggressive down
scaling of CMOS technology, and efforts are being made
to improve the performance of the basic building blocks
of the front end.

In this paper, a 10-12GHz complementary LC VCO
with a wide tuning range and low phase noise is
presented. This VCO can be used in a high frequency
system applications where stringent requirements on
signal spectrum purity are specified.

II. CIRCUIT DESIGN

A. Topology

The schematic of the VCO is depicted in Fig. 1. A
complementary cross-coupled differential structure is
used to achieve higher transconductance for a given
current, thus resulting in faster switching. The
differential structure provides a symmetric output wave-
form [1].

An NMOS current source transistor is placed below
the cross coupled NMOS pair to control the bias current
of the VCO core. The output of the VCO core is directly
connected to the input of the buffer, which drives 500
impedances. To avoid the large process variation of load
resistors, PMOS transistors are used as the loads of the
buffer, biased by high resistance resistors.
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Fig. 1. VCO Schematic.

An inductor (L,) between the NMOS pair and current
source and a capacitor (C,) in parallel with the current
source eliminate the noise around the second harmonic,
which results in reduced phase noise. [2]

The oscillation frequency is given by

1
fo= M
27 JL (C,+C,+C,)
where f, is the oscillation frequency, L is the

inductance of the inductor, C, is the parasitic
capacitances of transistors and varactors, C, is the
parasitic capacitance due to interconnection, and C, is the
capacitance of varactors seen at the oscillation nodes.

To achieve a wide tuning range, C;and C, should be
minimized. C, can be reduced by using small size devices
but is limited by the minimum size of devices for
sustaining the oscillation. C, can be reduced by careful
layout which minimizes interconnection metals.

B. Inductor

To increase the self resonance frequency, a horse-shoe
type one-turn inductor is used in a LC tank. This
structure also provides symmetry to the two output nodes
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Fig. 2. Simulated inductance and Quality factor of inductor III. MEASUREMENT RESULTS

The VCO is fabricated in IBM 7RF 0.18 pum CMOS
process. The chip photograph is shown in Fig. 4. The
VCO occupies an area of 950x700pm” including the
output pads.

of the VCO core. The inductor is simulated with Sonnet,
an EM simulation software. The expected inductance and
the quality factor Q at 10 GHz are 0.38 nH and 15,
respecttively as shown in Fig. 2.
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Fig. 7. Tuning Range of the VCO. The gain of the VCO is
approximately 1 GHz/V.

An Agilent E4448A spectrum analyzer with phase
noise measurement option is used to measure the output
frequency, power and phase noise. A Cascade Infinity
differential probe and a 180 degree hybrid coupler are
used to convert the differential output signal of the VCO
to the single ended input to the spectrum analyzer.

The VCO core and the buffer draw 11mA and 11.7mA,
respectively, from 2.2V power supply, which corre-
sponds to the total power consumption of 50mW.

Fig. 5. and Fig. 6. show the output spectrum and phase
noise of the VCO. At IMHz offset from the carrier
frequency at 10.3GHz, the measured phase noise is
—125.3 dBc/Hz.

The figure of merit for a VCO (FOM) can be
calculated using [3]
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Fig. 8. Output power of the VCO. The output power of VCO is
higher than —4 dBm over the entire tuning range.

where f,. 1s the frequency offset, f, is the oscillation
frequency, PN(fyp.:) is the phase noise at the fop., and
Ppc is the DC power consumption. With the measured
specification of the VCO, the figure of merit of —188.3
dBc/Hz is achieved. When the buffer power is excluded
FOM of —191.7 dBc/Hz can be achieved.

A tuning range of 20.1% from 10.2GHz to 12.48GHz
is achieved for the VCO as shown in Fig. 7. The
approximate VCO gain is estimated at 1GHz/V.

Fig. 8 shows the output power of the VCO as the
control voltage is varied (Frequency tuning). The output
power is between —1.7 and —4.3 dBm over the entire
tuning range.
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Fig. 9. Comparison of the Figure of Merit for the VCO
presented in this work and those reported in the literature.

We have compared the FOM achieved for the VCO
presented in this work with those reported in literature.
The comparison is shown in Fig. 9. Our VCO achieves
the lowest FOM when the buffer is considered as well as
when the power consumption of the buffer is not
included. The performance of the VCO is summarized in
Table 1.

TABLE L

SUMMARY OF VCO PERFORMANCES

22V
50 mW
10.2 GHz ~ 12.48 GHz
-125.33 dBc/Hz

Power supply

Power consumption

Tuning range
Phase noise @ 1MHz offset

Figure of merit -188 dBc/Hz
Chip area 0.67 mn1’
Technology 0.18 um CMOS

IV. CONCLUSION

A complementary LC VCO which operates between 10
and 12 GHz has been designed and fabricated in a CMOS
0.18um technology and has been measured for its



performance. The VCO core and buffer provides a wide
tuning range and low phase noise while consuming
50mW. The calculated figure of merit for the VCO is the
lowest reported in the literature.
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