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Abstract- This paper delves into the examination of various topologies employed in the design of CMOS LC VCOs, with a 

specific focus on achieving lower power consumption and reduced phase noise. Four distinct topologies were investigated and 

compared based on their power consumption and phase noise characteristics. The results of this comparative analysis reveal 

that the CMOS LC VCO with pseudo resistance exhibits the lowest phase noise, while the differential cross-coupled CMOS 

LC VCO demonstrates superior power efficiency. Among the studied topologies, the cross-coupled differential LC VCO 

topology emerges as a popular choice for optimizing the trade-off between phase noise and power consumption. By leveraging 

this topology, designers can strike a balance between these competing factors, leading to improved performance in practical 

applications. 
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I. INTRODUCTION 
 

Oscillators play a critical role as fundamental building 

blocks in communication systems, serving as a reliable 

source of periodic signals. Among various oscillator 

types, Integrated LC tank Voltage Controlled Oscillators 

(VCOs) hold significant importance in fully integrated 

transceivers, as they provide essential input for signal up-

conversion and down-conversion in mixers. To ensure 

optimal performance, VCOs must meet three key criteria: 

proper amplitude, low power consumption, and low 

phase noise [1]. 

 
In recent years, voltage controlled oscillators (VCOs) 

designed using CMOS technology has emerged as a 

practical solution for radio frequency applications. This 

is primarily due to their advantageous attributes of low 

power consumption and low phase noise values. 

Designers are increasingly inclined towards the 

utilization of LC-VCOs, as they offer an optimal 

combination of exceptionally low phase noise 

specifications and minimal power consumption, making 

them suitable for battery-operated devices. 

 
The demand for improved performance in 

communication systems has driven extensive research 

and development efforts towards designing CMOS-based 

LC VCOs that can effectively meet the stringent 

requirements of modern transceivers. Achieving high 

performance while minimizing power consumption and 

maintaining low phase noise levels has become a key 

focus for VCO designers. This paper aims to explore and 

evaluate various topologies and techniques employed in 

CMOS LC VCO design to achieve the desired 

performance metrics. By analyzing the trade-offs 

between power consumption, phase noise, and other 

important factors, this study aims to provide insights into 

the selection and optimization of LC-VCO designs for 

radio frequency applications. 

 

II. FEEDBACK MODEL OF OSCILLATOR 
 

Oscillator are nonlinear in nature, though are usually 

viewed as a linear time invariant feedback system as 

shown in Figure 1. In the s-domain, the transfer function 

of this negative feedback system is given by 

 
Fig 1. Negative feedback system with frequency selective 

network. 

 

 
 

If the loop gain A(s)F(s) is equal to –1 at a specific 

frequency ω0 , the closed loop gain approaches to infinity. 

Under this condition, the feedback becomes positive and 

the system trends to be not stable. Separating the 

magnitude and the phase of A(s)F(s), the well-known 

“Barkhausen criteria” are obtained for the oscillation 

start-up. The Barkhausen Criteria for oscillation is 

Compulsory but not sufficient [1]. 
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III. LC TANK VCO TOPOLOGIES 
 

The Voltage Controlled Oscillator (VCO) holds a crucial 

position as an essential building block in transmitter 

circuits, playing a pivotal role in determining the overall 

phase noise, also referred to as jitter, performance. In the 

realm of VCO design, achieving lower phase noise, 

lower power consumption, and an optimal figure of merit 
(FOM) are the primary objectives to ensure the desired 

performance. 

 

Phase noise, which quantifies the fluctuations in the 

oscillation frequency, is a critical parameter in modern 

communication systems. It directly impacts the quality of 

the transmitted signal, particularly in applications that 

require high data rates and reliable signal 

synchronization. By minimizing phase noise, VCO 

designers aim to enhance the signal quality, reduce 

interference, and improve the overall system 
performance. 

 

Power consumption is another crucial aspect to consider 

in VCO design. With the increasing demand for portable 

and battery-operated devices, power efficiency has 

become a key concern. Designers strive to minimize the 

power consumed by the VCO while maintaining its 

functionality and performance. Lower power 

consumption not only extends the battery life but also 

helps mitigate heat dissipation issues in integrated 

circuits. 

 
Furthermore, the figure of merit (FOM) is a metric that 

combines the key design objectives of a VCO, namely 

phase noise and power consumption, into a single 

performance parameter. The FOM provides a 

comprehensive measure of the VCO's efficiency and 

effectiveness. Designers aim to achieve the best possible 

FOM, indicating superior trade-offs between phase noise 

and power consumption. By optimizing the FOM, VCO 

designers can deliver high-performance oscillators that 

meet the stringent requirements of modern 

communication systems. 
 

In summary, the design of a Voltage Controlled 

Oscillator (VCO) revolves around achieving lower phase 

noise, lower power consumption, and the best figure of 

merit (FOM). By focusing on these design objectives, 

VCO designers aim to enhance signal quality, ensure 

power efficiency, and deliver optimal performance in 

various communication applications. 

 

1. Differential cross coupled LC tank VCO: 

In the design of Voltage Controlled Oscillators (VCOs), 

the selection of circuit topologies and component choices 
plays a crucial role in achieving desirable performance 

characteristics. In a particular study [7], a differential 

cross-coupled LC tank VCO with a decoupled capacitor 

and a polysilicon resistor (Rs) was utilized to address the 

objectives of reducing power consumption and phase 
noise. 

 

The inclusion of a decoupled capacitor in the VCO design 

helps to mitigate the power consumption without 

compromising the overall performance. By effectively 

decoupling the capacitor from the main tank circuit, 

unnecessary power dissipation is minimized, leading to 

improved power efficiency. This approach is particularly 

valuable in applications where power consumption is a 

critical concern, such as portable devices or energy-

efficient systems. 

 
Additionally, the use of a P-MOSFET in the cross-

connected pair of the VCO aids in reducing phase noise. 

Flicker noise, which can significantly degrade the overall 

performance of the oscillator, is effectively mitigated with 

the implementation of the P-MOSFET. The reduced 

flicker noise contributes to a cleaner output signal and 

improved phase noise characteristics, resulting in 

enhanced system performance. 

 

Moreover, the polysilicon resistor Rs incorporated in the 

VCO design offers the advantage of being nearly 1/f 
noise-free. This is beneficial in achieving lower phase 

noise since 1/f noise, also known as flicker noise or pink 

noise, can have a detrimental impact on the performance 

of the VCO. By utilizing a resistor with minimal 1/f noise, 

the overall phase noise performance is improved, leading 

to a more stable and reliable oscillation signal. 

 

The combination of the aforementioned design choices, 

including the incorporation of a decoupled capacitor, the 

use of a P-MOSFET, and the inclusion of a low 1/f noise 

polysilicon resistor (Rs), contributes to the overall success 

of the VCO design. By carefully selecting these 
components and implementing them within the 

differential cross-coupled LC tank VCO topology, the 

study aimed to achieve a balance between reduced power 

consumption and improved phase noise performance. 

 

 
Fig 2. Cross coupled differential topology. 
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In conclusion, the utilization of a differential cross-
coupled LC tank VCO with a decoupled capacitor, a P-

MOSFET, and a low 1/f noise polysilicon resistor (Rs) 

represents a valuable approach in VCO design. This 

combination allows for the reduction of power 

consumption while simultaneously improving phase noise 

characteristics. Such design choices contribute to the 

overall performance and efficiency of VCOs in various 

communication applications. 

 

2. Complimentary cross coupled LC tank VCO: 

The utilization of complementary differential transistor 

pairs in VCO design offers several advantages, including 
the ability to produce twice the negative resistance 

compared to single differential transistor pairs. This 

increased negative resistance is beneficial for enhancing 

the oscillation amplitude and managing power limitations 

[8]. 

 

In the context of a complementary cross-coupled LC tank 

VCO, the design incorporates two LC tank VCOs, each 

utilizing a different current mirror configuration. One LC 

tank VCO employs an NMOS current mirror, while the 

other uses a PMOS current mirror. The purpose of this 
configuration is to compare the phase noise performance 

between the two circuits while keeping the tail current 

constant. 

 

After conducting the phase noise comparison, it was 

observed that the circuit designed with the PMOS current 

mirror exhibits lower phase noise in comparison to the 

circuit designed with the NMOS current mirror. This 

finding suggests that the PMOS current mirror 

configuration offers improved phase noise performance, 

making it a preferable choice for achieving better signal 

quality and stability in the VCO. 
 

The disparity in phase noise performance between the two 

circuits can be attributed to several factors. The PMOS 

current mirror configuration may offer superior current 

matching characteristics and reduced flicker noise, 

resulting in improved phase noise performance. 

Additionally, the inherent characteristics of PMOS 

transistors, such as lower flicker noise and improved 

thermal noise performance, can contribute to the observed 

lower phase noise. 

 
By carefully selecting the appropriate current mirror 

configuration, in this case, utilizing the PMOS current 

mirror, designers can optimize the phase noise 

performance of the VCO while maintaining a constant tail 

current. This optimization leads to improved overall 

signal quality, reduced interference, and enhanced 

performance in communication systems. 

 

In summary, the use of complementary differential 

transistor pairs in VCO design provides benefits such as 

increased negative resistance. In the context of a 

complementary cross-coupled LC tank VCO, comparing 
the phase noise performance of circuits utilizing different 

current mirror configurations revealed that the PMOS 

current mirror configuration offers lower phase noise 

compared to the NMOS current mirror configuration. By 

leveraging the advantages of the PMOS current mirror, 

designers can achieve improved phase noise performance 

and enhance the overall quality and stability of the VCO's 

output signal. 

 

 
Fig.3. Complimentary cross coupled LC tank VCO. 

 

3. Cross coupled LC tank VCO with double Pseudo 

resistance: 

In this study, a VCO with double pseudo resistance was 

designed to achieve low power consumption while 

preserving phase noise performance. The phase noise of a 

VCO, specifically a LC-VCO, is inversely proportional to 

the quality factor (Q) of the LC-tank [9]. However, 

CMOS inductors commonly used in RF circuits often 

exhibit a low quality factor. To address this issue and 

improve phase noise, the Q of the LC-tank needed to be 

increased. 

 

To achieve this objective, the proposed LC-VCO 
employed an added negative transconductance technique. 

Four capacitors (Cl to C4) were introduced in parallel 

with the drain-source of NMOS and PMOS cross-coupled 

transistors. The addition of these capacitors introduced 

negative transconductance, which effectively reduced the 

overall transconductance of the circuit. This reduction in 

transconductance resulted in an increase in the quality 

factor of the LC-tank, thereby improving the phase noise 

performance. 

 

The primary goal of this technique was to decrease the 
power consumption of the VCO. To achieve this, two 

resistances were added to the VCO in the power supply 

path. These resistances were implemented using two pairs 

of PMOS and NMOS transistors operating in the triode 

region. By functioning as resistances in the circuit, these 



 

 

© 2023 IJSRET 
906 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 9, Issue 4, July-Aug-2023, ISSN (Online): 2395-566X 

 

 

transistor pairs contributed to reducing power 
consumption. 

 

By integrating the double pseudo resistance technique 

into the VCO design, the study aimed to achieve a 

balance between low power consumption and improved 

phase noise performance. This technique effectively 

increased the quality factor of the LC-tank while 

simultaneously reducing power consumption by utilizing 

resistances in the power supply path. 

 

In summary, the design of the VCO involved the 

incorporation of double pseudo resistance to achieve low 
power consumption without compromising phase noise 

performance. By introducing negative transconductance 

through the addition of capacitors and incorporating 

resistances in the power supply path, the study aimed to 

enhance the quality factor of the LC-tank and reduce 

power consumption. This approach enabled the VCO to 

maintain optimal phase noise performance while 

achieving lower power consumption, thus contributing to 

the overall efficiency of the VCO design. 

 

 
Fig.4. Cross coupled LC tank VCO with double Pseudo 

resistance. 

 

4. Quadrature VCO using Reconfigurable LC tank: 

The utilization of a Quadrature Voltage Controlled 

Oscillator (VCO) is of significant importance in multi-

standard and multi-band transceiver systems [10]. This 

specific type of VCO offers the advantages of low phase 

noise while maintaining low current consumption, 

making it highly suitable for such applications. 

 

One key feature that enables dual-band operation in the 
Quadrature VCO is the integration of a reconfigurable 

LC tank. The LC tank, which consists of inductors and 

capacitors, plays a vital role in determining the 

oscillation frequency of the VCO. By employing a 

reconfigurable LC tank, the VCO can adapt to different 
frequency bands, enabling its use in multi-band 

transceiver systems. 

 

The adoption of a reconfigurable LC tank allows the 

Quadrature VCO to support the operation in multiple 

frequency bands without requiring separate VCO designs 

for each band. This approach offers significant 

advantages in terms of reducing design complexity, 

circuit size, and power consumption. It enables a more 

flexible and versatile transceiver system that can cater to 

different frequency bands and standards. 

 
In addition to its reconfigurability, the Quadrature VCO 

is specifically designed to deliver low phase noise. Phase 

noise is a critical parameter in communication systems as 

it directly impacts signal quality and system 

performance. By achieving low phase noise levels, the 

Quadrature VCO ensures improved signal integrity, 

reduced interference, and enhanced overall system 

performance. 

 

Moreover, the Quadrature VCO's ability to maintain low 

current consumption is of great significance, particularly 
in power-constrained applications such as portable 

devices. The low current consumption helps to extend 

battery life, reduce power dissipation, and enhance the 

overall energy efficiency of the transceiver system. 

 

In summary, the Quadrature VCO serves as a crucial 

component in multi-standard and multi-band transceiver 

systems. Its utilization of a reconfigurable LC tank 

enables dual-band operation, allowing it to adapt to 

different frequency bands without the need for separate 

VCO designs. Additionally, the Quadrature VCO 

provides low phase noise and low current consumption, 
ensuring high-performance signal generation while 

maintaining energy efficiency. 

 

 
Fig 5. Quadrature VCO using Reconfigurable LC tank. 
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IV. VOLTAGE CONTROLLED 

FREQUENCY TUNING 
 
Most wireless applications require a tunable oscillator, 

which means its output frequency is a function of a 

control input, usually a voltage. An ideal VCO is a circuit 

whose output frequency is a linear function of its control 

voltage (Vcon) [3], as shown in Figure 6 

 

fout = f0 +Kvco .Vcon 
 

where, fo is the oscillation frequency at Vcon = 0 and 

KVCO represent the gain or sensitivity of the circuit. The 

achievable range of frequency, f2 – f1, is called the 

frequency tuning range. 

 

 
Fig 6. Definition of KVCO. 

 

Frequency tuning is required not only to cover the whole 

application bandwidth but also to compensate for 

variations of the center frequency of the VCO that are 

caused by the process and by temperature.  

 

V. POWER CONSUMPTION 
 

Mobile devices are required to have long standby times, 

indicating a need for low power consumption. Phase noise 

is inversely proportional to the power dissipated in the 

resistive part of the resonant LC tank. This seems to 

suggest that an arbitrarily small phase noise can be 

achieved by simply increasing the bias current, but there 

are practical limitations as to how small phase noise can 

be made. As bias current is increased, so is the VCO's 

output voltage amplitude. However, any CMOS transistor 
has a maximum voltage that cannot be exceeded without 

permanent damage [6]. The voltage amplitude of the tank 

for the CMOS cross-coupled differential topology shown 

can be expressed by assuming that the differential stage 

switched from one side to the other [6].  

 

As the tank voltage changes, the direction of the current 

flow through the tank reverses. The differential pair can 

be modeled as a current source switching between Itotal 

and Itotal in parallel with an RLC tank. Req is the 

equivalent parallel resistance of the tank. The tank 

amplitude can be approximated as 
 

V=Itot . Req. 

 
This is referred to as the current-limited operation 

because tank amplitude mainly depends on the total 

current flowing and the tank’s equivalent resistance. 

However, equation (11) becomes invalid when the tank 

amplitude becomes the supply voltage through an 

increase of Itotal. This operation is called the voltage-

limited operation. With current limited operation, as the 

current increases (consuming more power), the phase 

noise lowers because the tank amplitude is increasing 

simultaneously. 

 

VI. COMPARISON AND DISCUSSION 
 

A comparison of this work with previous wide-tuning 
range design is shown in Table given below. From this 

comparison table, it is seen that cross coupled differential 

LC VCO topology has low power consumption and high 

frequency. 

 

Table 1. Comparison of Parameter 

 
 

VII. CONCLUSIONS 

 
Through the comparison of power consumptions among 

four different topologies of LC tank VCOs, it has been 
observed that decreasing the supply voltage results in 

lower power consumption and subsequently leads to 

lower phase noise. This reduction in phase noise has the 

advantageous effect of reducing the startup energy 

required by the RF transmitter. 

 

The relationship between supply voltage, power 

consumption, and phase noise is a significant factor in the 

design and optimization of LC tank VCOs. By decreasing 

the supply voltage, the overall power consumption of the 

VCO decreases, which is a desirable characteristic in 

many applications, particularly those with strict power 
constraints. 
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Furthermore, the decrease in power consumption 
associated with lower supply voltage also contributes to 

lower phase noise. Phase noise, a measure of the random 

fluctuations in the phase of an oscillator's output signal, 

directly impacts the quality and reliability of the 

transmitted RF signal. By achieving lower phase noise 

levels through reduced power consumption, the startup 

energy required by the RF transmitter can be effectively 

reduced. 

 

Minimizing startup energy has several benefits, including 

improved energy efficiency, longer battery life in portable 

devices, and reduced power dissipation. It allows for more 
efficient utilization of available power resources, resulting 

in optimized system performance and enhanced overall 

energy conservation. 

 

In summary, the study highlights the correlation between 

power consumption, supply voltage, and phase noise in 

LC tank VCOs. Lowering the supply voltage decreases 

power consumption, leading to lower phase noise and 

reduced startup energy requirements for RF transmitters. 

This knowledge can inform the design and optimization 

of LC tank VCOs, enabling the development of more 
energy-efficient and reliable communication systems. 
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