
BIJIT - BVICAM’s International Journal of Information Technology 
Bharati Vidyapeeth’s Institute of Computer Applications and Management (BVICAM), New Delhi  

 
Copy Right © BIJIT – 2012; July - December, 2012; Vol. 4 No. 2; ISSN 0973 – 5658                                                                  452 

Performance Analysis of Variation in Power Consumption and Frequency on Different 

Topologies of Ring VCO in 70 nm CMOS Technology 
Shitesh Tiwari1, Parag Parandkar2 and Sumant Katiyal3 

Submitted in January 2012; Accepted in April 2012  
Abstract - The proposed work describes the performance 
evaluation of different types of ring oscillator Voltage 
Controlled Oscillator topologies on the basis of two 
characteristic parameters power and frequency in 70 nm 
CMOS technology. The various topologies analyzed include 
Current Starved VCO, VCO with Gates of PMOS Transistor 
Grounded, VCO with PMOS Diode Connected, VCO with 
NMOS Diode Connected, VCO with voltage applied to both 
PMOS and NMOS Transistor. Simulation of different 
parameters of ring oscillator VCO is carried out on Tanner 
tool Version 13. VCO topologies are evaluated on the basis of 
frequency and power consumption by taking lower supply 
voltage of 1.2 V. Performance evaluation and comparison of 
different topologies results in minimum power consumption 
of 0.57 uW by Current Starved VCO topology and maximum 
operating frequency of 0.57 MHz by VCO with Gates of 
PMOS Transistor Grounded. 
 
Index Terms - Current Starved VCO, VCO With Gates of 
PMOS Transistors Grounded, VCO With PMOS 
Transistors Diode Connected,VCO With NMOS 
Transistors Diode Connected, VCO With Voltage Applied 
To Both PMOS And NMOS Transistors 
 
1. INTRODUCTION 
An oscillator that can be tuned over a wide range of 
frequencies by applying a voltage (tuning voltage) to it, or in 
other words, an oscillator that changes its frequency according 
to a control voltage feed to its control input is Voltage 
Controlled Oscillator [1]. As shown in Figure 1, the frequency 
of oscillation is varied by the applied controlled voltage, while 
modulating signals may also be fed into the VCO to cause 
frequency modulation (FM) or phase modulation (PM)[2][24]; 
a VCO with digital pulse output may similarly have its 
repetition rate (FSK, PSK) or pulse width modulation (PWM). 
The oscillator first convert voltage signal to current, and then 
current is converted into frequency [1]. This has numerous 
applications ranging from frequency synthesizers to  
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transceivers. The design of high performance monolithic VCO 
has been one of the active area of research and development in 
recent years[22]. A CMOS VCO can be built using ring 
topology, relaxation circuits or LC tuned circuit [2]. The 
equation (1) shows the basic definition of VCO according to its 
operation forming a characteristic between input voltage and 
frequency. 
Wout = Wo + Kvco * Vcontrol………                            (1) 
 
 
 
 

Figure 1: “Definition of VCO” 
Here, Wo represents the intercept corresponding to Vcontrol = 0 
and Kvco denotes    the ‘gain’ and ‘sensitivity’ of the circuit [2]. 
There are basically two types of Harmonic oscillators, LC and 
Ring Oscillator. The main advantage of Ring oscillator over LC 
oscillator is that the ring oscillator can be easily fabricated in 
CMOS technology as compared to LC oscillator, since the 
fabrication of inductor need huge amount of space [5][24].  
 
2. DEVELOPMENT OF NEW DESIGN 

METHODOLOGY FOR OPTIMIZATION OF 
POWER WITH LOW  VOLTAGE 

The general source of dissipation in any CMOS circuit is the 
current drawn while switching. Since knowing the number and 
capacitance, the voltage change on a gate capacitance requires 
charge transfer and hence causes power consumption. Once 
this gate capacitance is charged, the gate can maintain the DC 
voltage level without any additional charge movement and does 
not consume any current. The required charge to change 
voltage levels on the gate is described by the following  
equation [18][24]. 
   Qgate = Cgate Vdd(2) 
Qgate is the charge required to change state, Cgate  is the gate 
capacitance,Vdd is the power supply voltage. Switching 
generates a current proportional to operating frequency (F) of 
the VCO. Since current is defined in terms of coulombs per 
second (amperes), the current can be calculated as shown in 
equation (4)  [19]. 
I = Qgate × Frequency = (Cgate×Vdd) × F      (3) 
Where I is the current in amperes (coulombs per second) 
The total current can be generalized into a figure which will 
include all the node capacitances in the device. 
Idevice = Ctotal × Vdd × Fosc                              (4)  
where 
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performance comparison is obtained by plotting between 
voltage and dynamic power dissipation. Performance 
evaluation and comparison of different topologies results in 
minimum power consumption of 0.57 uW by Current Starved 
VCO topology and maximum operating frequency of 0.57 
MHz by VCO with Gates of PMOS Transistor Grounded. 
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