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Current Reused LC VCOs
Nam-Jin Oh and Sang-Gug Lee

Abstract—This paper presents current reused voltage controlled
oscillator (VCO) topologies by stacking switching transistors
in series like a cascode. The VCOs can operate with only half
the amount of dc current compared to those of the conventional
VCO topologies. Fabricated in 0.18- m CMOS process, a dif-
ferential VCO operates in a 2.1-GHz band with a phase noise of

110 dBc/Hz at 1-MHz offset, and a quadrature VCO operates
in a 3.1-GHz band with a phase noise of 102 dBc/Hz at 1-MHz
offset. The proposed topologies can be adopted for low-power
applications.

Index Terms—CMOS, differential voltage controlled oscillator
(VCO), phase noise, quadrature VCO (QVCO), radio-frequency
(RF).

I. INTRODUCTION

WITH the demand for low cost and high integration of
wireless transceiver building blocks, a low-power de-

sign is a great concern for radio-frequency integrated circuit
(RFIC) designers. Among the building blocks of the transceiver,
a voltage controlled oscillator (VCO) is an important block. A
great deal of research has focused on integrated VCOs using
passive inductors, transformers, and varactors, which was made
possible with the advancement of CMOS technology [1]–[4].
When evaluating performances of VCOs, several parameters
such as phase noise, tuning linearity, harmonic output power,
frequency pushing, output power, and power consumption need
to be considered [5].

Since most of the modern day digital wireless transceivers
require quadrature generations in the VCOs, many works
have focused on how to generate accurate quadrature signals
[6]–[8]. For quadrature signals, in-phase and quadrature-phase
(I/Q) match is an important requirement while meeting the
requirements of low-phase noise and low power for integrated
VCOs. The quadrature characteristics can be evaluated in terms
of phase error and amplitude imbalance.

There are several ways to generate the quadrature signals
[7]–[13]. As shown in Fig. 1(a), the most popular method is
to use a differential VCO that oscillates at twice a desired fre-
quency, and then to obtain quadrature waveforms via frequency
division. However, a higher oscillation frequency and the fre-
quency division result in increased power consumption. An-
other way is shown in Fig. 1(b) in which two differential
VCOs directly couple to obtain quadrature signals and exploit
a good phase noise performance of -oscillators. The results
of several kinds of quadrature VCO (QVCO) topologies which
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Fig. 1. Examples of quadrature signal generation methods of (a) frequency
division and (b) quadrature coupling.

Fig. 2. Conventional differential LC VCO.

directly coupled two VCOs have been published [7]–[9].
The widely known conventional QVCO couples two differ-
ential VCOs by coupling transistors placed in parallel with
switching transistors.

Since the differential VCO plays a key role for quadrature
signal generations as shown in Fig. 1, this paper proposes a cur-
rent reused differential VCO topology by stacking switching
transistors in series like a cascode, and also applies the same
idea to QVCO.

II. CURRENT REUSED VCO TOPOLOGIES

A widely known oscillator is the conventional differen-
tial negative- oscillator that is shown in Fig. 2 [14]. The
topology consists of two identical half circuits composed of
switching transistors , inductors , and varactors

. A signal feeds back from the drain of to
the gate of which acts as an active buffer, and
vice versa. Fig. 3 shows the proposed VCOs by modifying the
conventional VCO topologies for low-power applications. In
Fig. 3(a), the switching n-channel metal oxide semiconductor
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Fig. 3. Proposed topologies of (a) current reused differential VCO and
(b) current reused quadrature VCO (QVCO).

(NMOS) transistors are stacked vertically in dc while consti-
tuting a differential VCO in ac operation. The capacitors
and are adopted for ac coupling, for ac ground, and

for dc block and ac short, respectively. Resistors
are adopted for diode connection of the switching transistors
in dc while providing an open in ac operation. By comparing
the schematics shown in Figs. 2 and 3(a), it can be shown
that , and perform the same role. In ac wise,
the schematic shown in Fig. 2 is exactly the same as that of
Fig. 3(a). The same idea of the current reused differential VCO
is applied to the QVCO in Fig. 3(b). Since the dc voltages are
different between two differential output nodes in Fig. 3(b), a
frequency tuning circuit is designed to control varactors by only

Fig. 4. Chip Micrographs of (a) current reused differential VCO
(936� 945 �m ) and (b) current reused quadrature VCO (1.3� 1.0 mm ).

one control voltage through resistors , which is pos-
sible through capacitors for dc block and ac short.

For the proposed VCOs, power consumption can be cut in
half by reusing the dc current compared to the conventional
VCO topologies. Although the proposed designs involve a
larger number of capacitors, their sizes are not required to be
bulky at higher frequencies, and can be integrated on chip.
However, the ac ground capacitor in Fig. 3(a) is implemented
with an external capacitor which has a large value to have
a tight ground effect at node X and symmetric differential
output swing. For inductors, a 2- m-thick top metal is used to
increase factor over ten, which is simple to design compared
to a multilayer helical inductor [15]. Since different foundry
processes are used for the chip fabrications, different shapes
of inductors are used for each VCO with different oscillation
frequency. Octagonal inductors are used in Fig. 3(a) for which a
wideband inductor model is adopted to describe the decreasing
inductance and drop-down characteristics of a series resistance
as frequency increases [16]. Whereas, rectangular inductors are
used in Fig. 3(b) for which a simple nine-element inductor
model is adopted [17].

III. MEASUREMENT RESULTS

Fig. 4 shows micrographs of the proposed VCOs fabricated
in 0.18- m six-metal CMOS processes. The chip sizes are
936 945 m and 1.3 1.0 mm including the pads, respec-
tively. The phase noise of the proposed VCOs is measured with
a spectrum analyzer. For measurements, current reused output
buffers are also adopted for the differential VCO by stacking
two source followers, and open drain output buffers are imple-
mented for the QVCO. For the current reused differential VCO,
the measured tuning frequency range is 2.12–2.25 GHz, and
the core current is about 1 mA from an 1.8-V power supply.
For the current reused QVCO, the measured tuning frequency
range is 3.0–3.2 GHz, and the core current is about 2.4 mA
from an 1.8-V power supply.

Fig. 5 shows the measured phase noise compared to those
of the simulation. The insets in Fig. 5 show the measured spec-
trum and time domain output swings of the proposed VCOs. The
measured phase noise of the current reused differential VCO
is about 110 dBc/Hz at 1-MHz offset, and has a slope of

20 dB/dec in the frequency offset from 100 kHz to 10 MHz.
The measured phase noise of the current reused QVCO is about

102 dBc/Hz at 1-MHz offset, and has a slope of 30 dB/dec
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Fig. 5. Measured phase noise of (a) current reused differential VCO and
(b) current reused quadrature VCO compared to the simulation. The insets
show the measured spectrum of the VCOs, and simulated output swings.

TABLE I
SUMMARY OF THE CURRENT REUSED VCO PERFORMANCES AT V = 1.8 V

in the frequency offset from 100 kHz to 1 MHz whereas it has
20 dB/dec in the frequency offset from 1 MHz to 10 MHz.

The simulated phase noise of proposed VCOs agrees well with
the measurement results. The measured amplitude imbalance
of the proposed QVCO is about 1 dB. The calculated figure of
merits (FOM) of the VCOs are 174 dBc/Hz and 166 dBc/Hz,
respectively. Table I summarizes the performances of the pro-
posed current reused VCOs for a fair comparison with other
VCOs.

IV. CONCLUSION

Current reused VCO topologies have been presented in
this paper. By stacking the switching transistors in series like
a cascode, the new proposed VCOs reuse the dc current and
the current consumptions can be cut in half compared to those
of conventional VCO topologies. Optimally designed current
reused VCOs can be implemented to have comparable overall
performances with the conventional VCOs while meeting low
power requirements.

REFERENCES

[1] D. Baek, J. Kim, and S. Hong, “A dual-band (13/22-GHz) VCO based on
resonant mode switching,” IEEE Microw. Wireless Compon. Lett., vol.
13, no. 10, pp. 443–445, Oct. 2003.

[2] K. Kwok and H. C. Luong, “A 0.35–V 1.46-mW low-phase-noise oscil-
lator with transformer feedback in standard 0.18-�m CMOS process,” in
Proc. IEEE Custom Integrated Circuits Conf., Sep. 2003, pp. 551–554.

[3] S. M. Yim and K. K. O, “Demonstration of a switched resonator con-
cept in a dual-band monolithic CMOS LC-tuned VCO,” in Proc. IEEE
Custom Integrated Circuits Conf., May 2001, pp. 205–208.

[4] T. P. Liu, “1.5 V 10–12.5 GHz integrated CMOS oscillators,” in Symp.
VLSI Circuits Dig. Technical Papers, Jun. 1999, pp. 55–56.

[5] U. L. Rohde and D. P. Newkirk, RF/Microwave Circuit Design for Wire-
less Applications. New York: Wiley, 2000.

[6] M. Tiebout, “Low-Power low-phase-noise differentially tuned quadra-
ture VCO design in standard CMOS,” IEEE J. Solid-State Circ., vol. 36,
no. 7, pp. 1018–1024, Jul. 2001.

[7] A. Rofougaran, J. Rael, M. Rofoufgaran, and A. Abidi, “A 900 MHz
CMOSLC-oscillator with quadrature outputs,” Proc. ISSCC’96, pp.
392–393, Feb. 1996.

[8] P. Andreani, A. Bonfanti, L. Romanò, and C. Samori, “Analysis and
design of a 1.8-GHz CMOS LC quadrature VCO,” IEEE J. Solid-State
Circ., vol. 37, no. 12, pp. 1737–1747, Dec. 2002.

[9] P. Andreani, “A 2 GHz, 17% tuning range quadrature CMOS VCO with
high figure-of-merits and 0.6 phase error,” in Proc. ESSCIRC’02, 2002,
pp. 815–818.

[10] A. Ravi, K. Soumyanath, R. E. Bishop, B. A. Bloechel, and L. R. Carley,
“An optimally transformer coupled, 5 GHz quadrature VCO in a 0.18
�m digital CMOS process,” in Symp. VLSI Circuits Dig. Technical Pa-
pers, Jun. 2003, pp. 141–144.

[11] S. L. J. Gierkink, S. Levantino, R. C. Frye, C. Samori, and V. Boc-
cuzzi, “A low-phase-noise 5-GHz CMOS quadrature VCO using su-
perharmonic coupling,” IEEE J. Solid-State Circ., vol. 38, no. 7, pp.
1148–1154, Jul. 2003.

[12] D. Baek, T. Song, E. Yoon, and S. Hong, “8-GHz CMOS quadra-
ture VCO using transformer-based LC tank,” IEEE Microw. Wireless
Compon. Lett., vol. 13, no. 10, pp. 446–448, Oct. 2003.

[13] S. Ko, J.-G. Kim, T. Song, E. Yoon, and S. Hong, “20 GHz integrated
CMOS frequency sources with a quadrature VCO using transformers,”
in Poc. IEEE Radio Frequency Integrated Circuits Symp., Jun. 2004, pp.
269–272.

[14] B. Razavi, RF Microelectronics. Upper Saddle River, NJ: Prentice-
Hall, 1998.

[15] J. Gil, S. S. Song, H. J. Lee, and H. Shin, “A�119:2 dBc/Hz at 1 MHz,
1.5 mW fully integrated, 2.5-GHz, CMOS VCO using helical inductors,”
IEEE Microw. Wireless Compon. Lett., vol. 13, no. 11, pp. 457–459, Nov.
2003.

[16] J. Gil and H. Shin, “A simple wide-band on-chip inductor model for
silicon-based RF ICs,” IEEE Trans. Microw. Theory Tech, vol. 51, no.
11, pp. 2023–2028, Sep. 2003.

[17] C. P. Yue and S. S. Wong, “Physical modeling of spiral inductors on
silicon,” IEEE Trans. Electron Devices, vol. 47, no. 3, pp. 560–568, Mar.
2000.


	toc
	Current Reused $LC$ VCOs
	Nam-Jin Oh and Sang-Gug Lee
	I. I NTRODUCTION

	Fig.€1. Examples of quadrature signal generation methods of (a) 
	Fig.€2. Conventional differential $LC$ VCO.
	II. C URRENT R EUSED $LC$ VCO T OPOLOGIES

	Fig.€3. Proposed topologies of (a) current reused differential V
	Fig.€4. Chip Micrographs of (a) current reused differential VCO 
	III. M EASUREMENT R ESULTS

	Fig.€5. Measured phase noise of (a) current reused differential 
	TABLE I S UMMARY OF THE C URRENT R EUSED VCO P ERFORMANCES AT ${
	IV. C ONCLUSION
	D. Baek, J. Kim, and S. Hong, A dual-band (13/22-GHz) VCO based 
	K. Kwok and H. C. Luong, A 0.35 V 1.46-mW low-phase-noise oscill
	S. M. Yim and K. K. O, Demonstration of a switched resonator con
	T. P. Liu, 1.5 V 10 12.5 GHz integrated CMOS oscillators, in Sym
	U. L. Rohde and D. P. Newkirk, RF/Microwave Circuit Design for W
	M. Tiebout, Low-Power low-phase-noise differentially tuned quadr
	A. Rofougaran, J. Rael, M. Rofoufgaran, and A. Abidi, A 900 MHz 
	P. Andreani, A. Bonfanti, L. Romanò, and C. Samori, Analysis and
	P. Andreani, A 2 GHz, 17% tuning range quadrature CMOS VCO with 
	A. Ravi, K. Soumyanath, R. E. Bishop, B. A. Bloechel, and L. R. 
	S. L. J. Gierkink, S. Levantino, R. C. Frye, C. Samori, and V. B
	D. Baek, T. Song, E. Yoon, and S. Hong, 8-GHz CMOS quadrature VC
	S. Ko, J.-G. Kim, T. Song, E. Yoon, and S. Hong, 20 GHz integrat
	B. Razavi, RF Microelectronics . Upper Saddle River, NJ: Prentic
	J. Gil, S. S. Song, H. J. Lee, and H. Shin, A ${-}119.2$ dBc/Hz 
	J. Gil and H. Shin, A simple wide-band on-chip inductor model fo
	C. P. Yue and S. S. Wong, Physical modeling of spiral inductors 



