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Abstract: The Ring oscillator is a very compact device compared to other oscillators. There are many advantages of ring oscillator i.e. 

contain the low area, high speed. A ring oscillator is a device composed of an odd number of NOT gates, the output of these not gates 

oscillates between two different voltage levels, representing logic 1 and logic 0. The NOT gates or inverters are connected in a series and 

the output of the last inverter is fed back into the first.  This paper presents CMOS ring oscillator designed for low power application using 

65 nanometers (nm) CMOS technology. This design can be used for low frequency and high frequency for sampling in random number 

generator circuits. The proposed design having average power is 25 nanowatt at the supply voltage of 1 volt and consumes low power as 

compared to existing designs.   

Key index: CMOS low power, Cadence virtuoso, Ring oscillator.   

1. INTRODUCTION 

Ring oscillator is a device which consists of odd number of inverting amplifier stages with a feedback to its input. Feedback signal is 

summed with the positive sign [1-5]. Odd number of stages produces the inverted output when the input voltage is given at the first stage 

and oscillation starts. If the circuit consist of even number of inverters then it can not be used as a ring oscillator because output at the last 

stage is the same as the input to this oscillator circuit. However, this configuration of inverter feedback can be used as a storage element. 

Mostly two type of oscillators are used in digital system design named as LC tank oscillator and CMOS Ring oscillator. In comparison with 

LC tank based oscillator, ring oscillators have the advantage of small size, high integration, operate at low voltage, wide oscillation range.  

Ring oscillator is one of the most important and useful part in analog and digital system. We can implement RO in many ways, one of the 

best way of implementation of RO is by CMOS inverter. CMOS ring oscillator uses only odd number of inverter stages because even 

number of stages gives same output, so oscillation can not be produced. For a circuit to produce oscillation, the circuit must have total phase 

shift of 360 degree and gain should be unity and this condition is called as barkhausen criteria. Due to low power dissipation and highly 

synthesizable in nature, the n-stage CMOS ring oscillator has a wide area of application such as modulation, demodulation, SRAM, high 

speed input output module etc [6-15]. 

 

2. RELATED WORK  

Many of the ring oscillator design have been reported using static and dynamic styles in previous papers. Jordi P. Puigdemont  et. al. [1] 

presented a variable-length ring oscillator (VLRO) design that’s capable of synchronously changing the output frequency whereas keeping 

a signal glitches free and concluded that VLRO operates for sure on any scenario, even under a supply voltage range far below the 

recommended values. Vandana Shikhawar et. al. [2] presented the design and simulation of 9-stage ring oscillator circuit and conclusion 

that ring oscillator circuit has a low power consumption and shows that the power consumption is reduced by 18.9% with reference paper. 

S. Kumar et. al. [3] discussed various parameters of nine stages CMOS ring oscillator such as jitter, power dissipation, phase margin, noise 

margin, noise factor etc. and made the conclusion that value of period jitter is 0 at 933.5 ps, phase noise -6.4 kdBc/Hz. 

     Daniel P.Bautista et. al. [4] described a new Voltage Controlled Ring Oscillator that uses partial positive feedback in its delay cell, allow 

the circuit to operate with single two stage and achieve high speed with reduced power consumption and concluded that   VCO has a wide 

range of operation frequencies and good linearity between the output frequency and the control voltage. Er F. Khtoon et. al. [5] presented 

many delay stages are connected in a cascade with positive feedback to form a ring oscillator. The conclusion which has been drawn is that 

proposed circuit is best suitable for PLL and Timer circuits and offers the tuning range of 125MHz- 561.798MHz. This oscillator is suitable 

to operate with 2.5v voltage supply and consume an average power around 3.6mv.  

Victor Karam et. al. [6] designed a method for optimizing the oscillation frequency of a multi-GHz that analyzed the dependence oscillator 

composed of static CMOS inverters and concluded that this method has achieved the speed improvement of 21% when compared with 

previous work. Vrastislav Michal et. al. [7] derived a simple method allowing optimization of the CMOS ring oscillator frequency  

dispersion  and power consumption and concluded that power consumption is reduced by 40 times compared the previous design technique.  

Abbas Ramazani et. al. [8] analyzed the dependence of delay time to the variation of supply voltage and proposed a new type of ring 

oscillator that composed of basic inverter and current starved inverter. The author concluded that this CMOS ring oscillator has better 

frequency stability versus voltage supply changing. S.S. Ali Saleh et. al. [9] presented the technique of dual-edge phase-alignment and its 

effects on ring oscillators. The author concluded that this new technique helps to reduce the phase noise in RO and low power consumption 
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