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ABSTRACT:This paper presents the design of a resistor-less voltage controlled oscillator (VCO) with wide tuning 
range. The circuit consists of an active inductor, a 4-bit capacitor bank and two buffers. The main idea of the proposed 
VCO is to replace the passive inductor of the conventional VCO with an active inductor to achieve the less area and 
noise. The proposed circuit is implemented in a 0.18µm CMOS technology. The tuning range of proposed VCO is from 
1.7GHz to 3.28GHz. This is achieved by varying the control voltage of VCO from 1V to 2.5V and by digitally 
controlling the 4- bit capacitor bank. It consumes 2.6mW dc power at 1.5V supply voltage. VCO has -103dBc/Hz phase 
noise at 1MHz offset frequency. To improve the phase noise, a parallel capacitor bank is used in place of single 
capacitor. This circuit is useful for high speed analog signal processing. 
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I. INTRODUCTION 
 
The need of inductive characteristic is essential for high speed applications. The LC VCO has found applications in 
analog signal processing. In CMOS integrated technologies, a VCO can be used as a ring oscillator, an active inductor-
capacitor (LC) oscillator, or a passive LC oscillator. A transmission-line resonator VCO can also be used for better 
phase-noise performance, but uses large-area of implementation. The positive feedback ring oscillators with odd 
number of stages are useful for wide tuning range application. But they have poor phase-noise performance and are not 
useful for communications applications.  

 
The active LC oscillators are implemented by LC resonators as the frequency-determining elements and where 
inductors are implemented with the help of gyrator-C circuit structure. The active inductors have very large quality 
factors (Q). But the use of active inductor in oscillator increases noise contribution in circuit,compared to its passive 
counterpart, causes the phase noise of the oscillator to be relatively high, compared to its passive parts, and is therefore 
not suitable for low-noise design applications. To overcome this problem, the complementary cross-coupled trans-
conductor active LC VCO is used because it provides less area of implementation on silicon chip with good phase 
noise performance. It also attractive for low-power design resulting from sharing the bias current between the NMOS 
and PMOS transconductors. 

 
In this paper, the new active inductor has wide tuning range and low noise performance. By adding local common 
mode feedback scheme to conventional active inductor, noise of circuit is reduces as a common mode signal in its 
terminal. The proposed gyrator based active inductor LC oscillator gives better phase noise performance compared to 
the conventional oscillators. 
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This paper is organized as follows. Section II discusses about the related work. Section III introduces proposed active 
inductor and LC oscillator based on it. Section IV presents the simulation results followed by the conclusion in section 
V. 

II. RELATED WORK 
 

In [1] authors presented the LC VCO, composing of two active inductors and two LC tanks.The inductor L of resonant 
circuit is less than that of the active inductor. The quality factor of active inductor is lower than that of resonant circuit. 
Due to low quality factor of active inductor, the series resonance has no effect on the parallel resonance consisting of 
inductor L and varactor Cv. Hence, the parallel resonance dominates the fundamental frequency of the VCO, therefore, 
the tuning range of the VCO can be extended. Its benefit is that the achievable highest frequency can be improved 
because partial parasitic capacitance of the VCO core can be cancelled out by series resonance. This technique results 
in an improved tuning range and lower power consumption. In paper [2],inductors with active element are used in 
making LC VCO which offers several advantages over their spiral counterparts that include large and tunable 
inductance. It also has low silicon area consumption. The proposed active inductor in this paper uses gyrator–C 
structure. Lower phase noise in oscillator can be obtained by reducing the variations of common mode signal in 
terminals of active inductor. By increasing theresonating capacitance (i.e. adding extrinsic capacitance), the phase noise 
of the oscillator is decreased. This is accompanied by a reduction in the simulated inductance value to maintain the 
same oscillation frequency.In paper [3], the limitation of the conventional VCO structureis discussed, and then the 
distributed biased switched-varactor andthe differential switched-capacitor bank based novel equalization structure is 
proposed. Lastly, a CMOS LCVCO is implemented by using the proposed equalization structure. This demonstrates the 
linear tuning and low phase noise of the circuit. The variation of VCO gain over the entire tuning range and its 
significant impact on phase noise is studied, and a high linearity CMOS LC-VCO employing novel equalization 
structures of three-stage distributed biased switched-varactor bank and differential switched-capacitor bank is 
demonstrated. It is then compared to the conventional VCO.  The proposed VCO reduced the variations of tuning 
sensitivity to a great extent and optimized the phase noise performance across the entire tuning range. The EHL VCO 
was fabricated in 0.18 µm CMOS technology. The results shows a tuning range of 2.23–2.69 GHz, and phase noise of –
95 dBc/Hz at 100-kHz offset and –117 dBc/Hz at 1-MHz offset for 2.42 GHz output frequency. Finally the power 
dissipation is 2.1 mW.  In [4] authors present the design of a voltage controlled oscillator(VCO) with small gain (Kvco) 
variation. To compensate gain variation, a series varactor bank has beenadded to the conventional LC-tank with parallel 
capacitor bank array. This is implemented in a 0.13µm CMOS RF technology. The proposed VCO can be tuned from 
4.6GH to 5.5GHz with the Kvcovariation of less than 9.6%. It consumes 3.1mA from a 1.2V supply and it has -
120dBc/Hz phase noise at 1MHz offset from the carrier.The paper [5] introduces a tail current-shaping technique in 
LC-VCOs, while keeping power dissipation constant, to increase the amplitude and to reduce the phase noise. When 
the oscillator output voltage reaches its maximum or minimum value, the tail current is made large. When the 
sensitivity of the output phase to injected noise is the smallest, the phase noise contributions of the active devices are 
decreased and the VCO has a largeroscillation amplitude and therefore have better DC to RF conversion compared to a 
standard VCO with equal power dissipation. A circuit is designed in this paper to implement tail current-shaping that 
does not dissipate any extra power, does not use additional (noisy) active devices and occupies a small area. 
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Fig 1.  Proposed LC VCO based on Active Inductor and Cap bank 
 

III. PROPOSED ALGORITHM 
 

The gyrator-C structure is used to make active inductor in the proposed circuit. The inductance of gyrator-C structure is 
given by 
 

ܮ = 	
ܥ

௠ଶܩ௠ଵܩ
… (1) 

Equation (1) shows that  the inductance of gyrator-C is directly proportional to the load capacitance C and inversely 
proportional to the transconductances of the transconductors of the gyrator. 
 
In figure 1, two back to back connected Gm cells are used. M16, M7 are in common mode configuration and used as 
voltage buffers. To control the inductance of the active inductor, the transistor M32 and M1 are used which acts as 
PMOS current source. The variations of common mode signal in the terminal of inductor are reduced by transistor M0, 
M8, M14 and M18 are used which results lower phase noise in oscillator. The Vc is used to control the inductance of 
the circuit through transistors M18 and M0.Increasing the Vc, results lower gate voltage at M1 and M32 which 
increases their currents. Due to this, transconductance of M11 and M15 increases which results lower inductance and 
higher oscillation frequency. 
 
In the proposed technique the frequency of oscillation is also controlled by parallel cap bank which has been made by 
capacitors and digitally controlled NMOS switches. It also improves the phase noise of the circuit. 
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The frequency of oscillation is given by 

݂ =
1

ܥܮ√ߨ2
																(2) 

 
Where  L= Inductance of active inductor 

C= Equivalent capacitance of cap bank depending on the number of switches are on 
 

IV. SIMULATION RESULTS 
 

The active inductor VCO is simulated with 0.18 μm CMOS technology by using cadence software. Tuning range of the 
oscillator versus control voltage is shown in Fig 2.  It can be observed that there is a wide tuning range, from 436 MHz 
to 3.28 GHz which obtained by varying control voltage from 1.5Vto 2.5 V. 
 

 
Fig 2. Tuning range versus control voltage 

 

Fig 3.  Oscillation of VCO 
 

The oscillation of VCO is shown in fig. 3. The comparison between different LC VCO is shown in following table. 
This table shows that the proposed VCO has higher oscillation frequency and lower phase noise. 
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Table I 
Comparison between different work on VCO  

 
 [14] [15] [2] This work 

Technology 0.8μ m CMOS 0.2 μm CMOS 0.18μm CMOS 0.18μm CMOS 
Supply Voltage (V) 3 1.8 1.8 1.8 

Tuning Range 450 MHz – 1.16GHz NA 86 MHz – 
1.137 GHz 

436MHz – 
3.28 GHz 

Phase Noise 
(dBc/Hz) 

-92 at 1 MHz offset 
frequency 

-81 at 500KHz offset 
frequency 

-102 at 1 MHz 
Offset Frequency 

-103 at 1 MHz 
Offset Frequency 

 

 
 

Fig 4.  Oscillator phase noise in 1 MHz oscillation frequency 
 

 
 

Fig 5. Total dc power variation with control voltage 
 

V. CONCLUSION AND FUTURE WORK 
 

In this paper, a new active inductor is proposed to increase oscillation frequency of VCO and decrease the phase noise 
in gyrator– C structure. For this purpose, a common mode feedback technique is used. So the phase noise in an 
oscillator is reduced to -103 dBc/Hz. Proposed oscillator is tunable from 436 MHz to 3.28 GHz which is achieved by 
varying the control voltage of VCO from 1V to 2.5V. The circuit is simulated with 0.18μm CMOS technology by using 
cadence software. This tunable active inductor can be used to realize narrowband tunable active filters and in 
inductance controlled oscillators.  The tunable active inductor has a wider frequency range as compare to varactor 
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diode because it has a wide tuning range inductance. Also, it can be easily integrated with other MMIC circuits. This 
circuit can also be used with series varactor bank and a parallel capacitor bank. 
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