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A New Active Inductor and Its Application to
Wide Tuning Range LC Oscillator
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standard CMOS process, the tuning range@ttank VCOs
Abstract— This paper presents a new structure to reduce is approximately limited within 30% making them
noise in an active inductor. Our structure is based on a local ynattractive for wideband applications [2]-[5]. Several
common mode feedback. The pposed active inductor is used o -hniques have been proposed to enhance the tuning range of

for implementation a wide tunable low phase noise LC ; . .
oscillator. By varying control voltage of active inductor from theLC-tank VCOs such as switched capacitors and switched

0.85 V to 1.6 V, the oscillation frequency changes from 86 MH inductors. However a wide frequency tuning range can be
to 1.137 GHz. The presented structure improves the value of achieved in cost of additional circuits with considerable

phase noise in the oscillator based on it about 5.5 dBc/Hz in 1 increase in the chip area and complexity of control
MH?z offset frequency. The proposed oscillator is simulated with  mechanism [6], [7].

TSMC 0.18 pm CMOS technology. LC oscillators based on active inductors overcome their
limitation in tuning range [9]. By utilizing a differential active
inductor for theLC-tank, the circuit exhibits a very wide
frequency tuning range.

In this paper we present a new active inductor with wide
. INTRODUCTION tuning range and low noise performance. It is shown that
ded local common mode feedback scheme to conventional

Index Terms—Active Inductor, High Quality Factor, LC
Oscillator, Wide Tuning Range, Phase Noise

Indeed, there is a critical need for inductive characteristicsﬂ‘fi T i . .
high-speed applications. CMOS spiral inductors have foun tive mQuctor, reduces the noise as a common mode S|gngl in
broad range of applications in high-speed analog Signlé? terminal. The proposed osqllator base on new active

processing and data communications. But integrated spigégucmr shows better phase noise performance compared to

inductors have a number of limitations due to their layout _convent_lonal os_clllators . .

These limitations are low quality factor, low self resonanc h's_ paper_ls organized as follgws. Sephon Il discusses about
frequency, small and non tunable inductance and need SIC f!oatlng gyrator C. Se_ctlon i mtroduce_s prop_osed
very large silicon area [1]. Implementation of inductors witl"F‘Ct'Ve mductor and_LC oscillator based on it Sect|o.n I\,/
active elements, offers several attractive advantages over t ﬁs_ents the simulation results followed by the conclusion in
spiral counterparts including large and tunable inductance a%%ctlon V.

low silicon consumption. Unfortunately active inductors have
high level of noise due to using a number of transistors. One
of the applications of inductive characteristic is LC oscillator. A gyrator consists of two bade-back connected
Using the active inductor inC oscillator increases the phasetransconductors. Wheone port of the gyrator is connected
noise of it. Whereas the most important characteristic in 43 & capacitor, as shown Fig. 1 the network is called the
oscillator is phase noise, this high level of noise restricts uggrator-C network. If we consider the gyrato€ network

Il. GYRATOR- C ACTIVE INDUCTOR STRUCTURE

of active inductors in oscillator. shown in Fig. 1, the impedance looking from its input port is
Another limitation ofLC oscillators with integrated spiral given by:

inductors is their narrow tuning range. In these oscillators V. N CS

frequency tuning is carried out by a varactor instead OZin :f:%zzm :(ﬁ (1)
capacitor. Theoretically, the VCO tuning range is determined in in mL " m2

by the maximunte-minimum capacitance ratio of the
varactor(Cyar madCuvarmin)- FOr @ typical capacitance ratio in a
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Equation (1) shows that the gyrato€ network behaves as The proposed tunable active inductor can be applied to
a floating lossless inductor where its inductance is [10]:  realizing narrowband tunable active filters and inductance

c controlled oscillators. Compared with the varactor diode
L= (GiG) (2) capacitor, the tunable active inductor has a wider frequency
miL = m2 tuning capability because it has a wide tuning range of

S . . resistance as well as inductance. Also, it can be easily
By considering (2), the inductance of gyratoC active . . o . .
. o . ) integrated with other MMIC circuits because it consists of
inductor is directly proportional to the load capacitance C an .
. h conventional MMIC components.
inversely proportional to the product of the transconductances . . . . :
. : As shown in Fig. 3, a tunable active inductor is
of the transconductors of the gyrator. When either the input or . .
: implemented in the resonator of oscillator as a frequency
the output impedances of the transconductors of gyrar . .
o : . selective element. Compared to the conventional varator
networks are finite, the synthesized inductors are no longer . I )
. : ontrolled oscillator where the oscillation frequency is tuned
lossless [8]. Also, the gyrator-C networks are inductive on . N .
in a specific frequency range y the varactor capacitance, oscillation frequency is
P q yrang controlled by the inductance in the presented strucfise,
it is clear that transistors M1 and M2 and capacitor provides a

I1l. PROPOSEDACTIVE INDUCTOR ) :
negative resistance.

The proposed active inductor is showrFig. 2, which is
based on gyraterC structure. M1, M2 transistors are two Gm
cells connected back to back. M3, M4 are in common mode
configuration and act as voltage buffers. M5, M6 are current M1y
source transistors and control the transconductance of M1,
M2, so control the inductance of active inductor. Parasitic
capacitances of MM6 in nodes “a” and “b” have the role of
C in gyrator C structure. For reducing the variations of
common mode signal in terminal of inductor, we employ
M9-M12.

Reducing the variations of common mode signal in :I

terminals of active inductor results in lower phase noise in Mg
oscillator based on it. This is the result of that noisa is
common mode signal and our proposed structure reduces —— |:|

=

common mode variations. M,

VDD

.||_. >< a
Jj
||

Fig. 3. LC oscillator based on the proposed active inductor

Common mode small signal equivalent circuit of oscillator
is depicted in Fig. 4a. In Fig. 4a the feedback loop is opened
to compute its common mode gain. Analysis of Fig. 4-b gives
the common mode gain as:

gm69m9
A =— Gus1 7+ Gmo 3)
— f L f —r Oass T+ (gmz + gdse)(gms/(gmz + gm4))
Fig. 2. Proposed active inductor Where g, is small-signal transconductance of transistors

and g is their drain-source conductance.

When the magnitude of common mode signal in terminal Thus the magnitude of noise in output nodes divided by this
nodes of active inductor increases (due to the noise or otig&in is:
interference signals), the source nodes of common drain ) Vscon
configured transistors M9 and M10 increases too. So the gate  Vonew™= 7 2
voltage of M5, M6 goes high which leads to lower magnitude (A/)
of common mode signat “a” and “b” and therefore terminal
nodes. Inductance control is carried out througtsignal at
the gate of M11, M12. Increasing\eads to lower voltage in
gates of M5, M6 and so increases their currents. So the
transconductance of M1 and M2 increases which results in
lower Inductance and therefore in an oscillator leadsa to
higher oscillation frequency.

(4)
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Fig. 5. Simulated inductance of the active inductor
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The simulated output phase noise using the harmonic
balance in ADS is plotted as a function of the frequency offset
away from the fundamental frequency as shown in Fig. 7. The
phase noise of the oscillator is plotted in 100 MHz oscillation
frequency. It exhibits -102 dBc/Hz phase noise at 1 MHz
offset frequency.

The phase noise of the oscillator can be decreased by
increasing the resonating capacitance (i.e. adding extrinsic
capacitance), which must be accompanied by a reduction in
the simulated inductance value to maintain the same
oscillation frequency. The latter can only be achieved by
increasing the bias current,{@f the differential pairs), thus
increasing the power consumption of the overall circuit.
Alternatively, the active inductor based oscillator can achieve

Fig. 4. (a) Opened common mode feedback loop. (b) Smalllsignghe same phase noise performance with a reduction in power

equivalent circuit.

IV. SIMULATION RESULTS

consumption byenploying the crystal-like LC-tank structure
proposed in 11]. Generally, the phase noise of an actively
tuned oscillator can be reduced at the expense of increased

At first, we approximate the inductance of the activehip area.

inductor with L=Im(4,)/. Based on this equation, the value Comparison results of proposed oscillator with other
of active inductor’s inductance is calculated and depicted in similar works are summarized in Table I.

Fig. 5. As can be seen, the design has an inductive |
characteristic in frequency band of DC to 6.9 GHz. For

frequencies higher than 6.9 GHz, the imaginary part of the -20
impedance has a negative value and the design has capacifgve

characteristic. The oscillator based on proposed activg *°

inductor is simulated with TSMC 0.18 pm CMOS technology§ 0

by using ADS software. Tuning range of the oscillator versug

control voltage is shown in Fig..6t can be observed that % -80
there is a wide tuning range, 171 %, from 86 MHz to 1.137

GHz which obtained by varying control voltage from 0\85
to1.6V.

8

Fig. 7. Oscillator phase noise in 100 MHz oscillation frequency
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Table I. Main specifications of proposed oscillator compared with similarsvork

[12] [13] [14] [15] This work
Technology 0.35 um CMOS 1umFET 0.8 um CMOS 0.2 um CMOS 0.18 um CMOS
Supply Voltage (V) 3 9 3 1.8 1.8
. 100 MHz - 1.73 GHz- 86 MHz—
Tuning Range 900MHz 507 GHz 450MHz - 1.16GHz NA 1.137 GHz
. -102 at 1 MHz -100 at 1 MHz -92 at 1 MHz Offset] -81 at 500 kHz -102 at 1 MHz
Phase Noise (dBc/Hz Offset Frequency | Offset Frequency Frequency Offset Frequency | Offset Frequency

[13] Yong-Ho Cho; Song-Cheol Hong; Young-Se Kwon, "A eloactive
inductor and its application to inductance-controtbedillator," IEEE
Transactions on Microwave Theory and Techniques 4%Ino. 8, pr.
12081213, Aug. 1997.

In this paper, a new active inductor is presented to redug@] Thanachayanont, A., Payne, A, "CMOS floating aciictor and it
noise in gyrator C structure. In the proposed structure, using  applications to bandpass filter and oscillator designs,'cuis,
a common mode feedback technique, noise as a common Dgc‘)"(;:es and Systems, IEE Proceedings, vol. 147, pp. AFds
mode S|gn.al'|s decreased. So the phase noise in an osqll & Haigiao Xiao, Schaumann, R, "A low-voltage low-powMOS
based on it, is reduced about 5.5 dBc/Hz. Proposed oscillator 5.GHz oscillator based on active inductors,” Electronics;utis anc
is tunable from 86 MHz to 1.137 GHz for 0.75 V variation in  Systems, 2002. 9th International Conference on, vaip1231-234
control signal. The circuit is simulated with TSMC 0.18um  S€p- 2002.

CMOS technology by using ADS software.

V. CONCLUSION
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