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     Abstract— Based on differential delay cells a  low phase 

noise , a low power ,wide band three stage CMOS 

voltage  controlled ring oscillator (VCRO) has been 

analyzed which was  proposed by Yan and Luong . Using 

GPDK 90 nm CMOS  technology the three stage VCO 

circuit are realized. In this work the design parameters 

are varied widely  and performance of the circuit are 

analyzed. This  VCO has a very wide operating  

frequency range from 3.6 GHz to 7.5 GHz, with a  tuning 

range of 52%. Tthe phase noise obtained  is about -99 

dBc/Hz at 1MHz offset from 5.86 GHz and the power 

consumed by the circuit is 1.7mW. The  phase noise of 

the differential VCO can be  improved by  cascading 

more number of stages at the cost of more  power 

consumption. 

 

Index Terms— Voltage Controlled Ring Oscillator, 

Radio Frequency Integrated Circuit, Phase Locked 

Loop, Phase Noise, Tuning Range. 

I.  INTRODUCTION 

 

  In recent years radio frequency integrated circuits (RFICs) 

have drawn significant attention due to their wide use in the 
wireless communication.  One of the key block in RFIC is 

Phase Locked Loop, which contains  Voltage Controlled 

Oscillator. VCO has numerous  applications ranging from 

frequency synthesizers to transceivers. In recent years the 

design of high performance monolithic VCO has been one 

of the active area of research and development. In order to 

fulfill the specifications of the RFIC applications, the VCO 

should be designed to have high tuning range, low phase 

noise, low power consumption with Small chip area.  

A CMOS VCO can be built using  LC tuned circuit. LC 

resonant or ring topology, relaxation circuits VCOs exhibit 

much better phase noise with having high quality factor (Q) 

resonant networks. 

Complexity of the design and its cost increases by using 

high quality inductors in a CMOS technology. Eddy current 

problems were introduced in it. Ring Oscillators, do not 

require on chip inductors and  occupy less area than their LC 

VCO. Generally the tuning range of the LqC oscillator is  
low i.e. (10 ~ 20) %. The tuning range of ring oscillator is  

much better (>50%) than LC . Both in phase and quadrature 

phase outputs are also obtained from ring oscillators. This 

work analyses the scaled version of  VCO architecture 

which was proposed by Yan and Luong [1] and it is 

redesigned by the help of  CADENCE Virtuso Analog 

Design Environment by  using GPDK 90 nm process.. It is 

observed to achieve wide operation frequencies with low  

 

power consumption to be suitable for RFIC application. The 

remaining part of the paper is organized as follows. 
In section II the analysis of the architecture of delay cell 

used in VCRO and the tuning range and phase noise is 

discussed. Section III presents the simulation studies of 

phase noise, tuning range and power consumption of this 

design. In section IV the results are analyzed and section V 

provides the conclusions. 

 

II.    VCRO ARCHITECTURE 

 

Higher frequency range can be achieved by using single 

ended VCRO than its differential counterpart. As the output 
voltage swing depends on supply voltage it is prone to 

noises and irregularities in the supply voltage.  

To achieve wide tuning range , higher operating frequency 

range, with maintaining a better phase noise performance 

and low power consumption most  challenging task is  to 

reduce the delay of each cell. The block diagram of a 

differential VCO structure is shown in figure 1. 

 

 
Fig . 1. Three stage Ring VCO 

 

 For a ring oscillator, there is always a demand for low 

phase noise, low power consumption and quadrature output 

for different applications. Many different architectures have 
been proposed by several authors and analysis are done on 

them .Due to lack of PMOS diode pair to perfectly cancel 

out the resistive load he delay cell proposed in [2] have less 

power efficient. 

 

The delay cell reported in [3] results in limited frequency 

tuning range as their frequency is tuned by Vgs of PMOS 

cross coupled load. Another delay cell proposed in [4] 

provides better tuning range but not having a better phase 

noise performance .  

 

The delay cell proposed by Yan and Luong [1] provides 
better phase noise performance, consumes less power and 

wide frequency tuning range. Hence in this work a fully 

differential ring oscillator with three stage delay cells, 

proposed by Yan and Luong [1] is considered for analysis. 
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The work done in [1] uses 0.5 µm technology and here using 

90 nm CMOS technology performance evaluation is done.   

 

The  schematic of the delay cell used in this three stage 

VCRO which is designed in Cadence Virtuso Analog 

Design Environment is shown in figure 1 and 2.  
 

 

 
 

 

Fig .2. Delay cell of VCRO 

 

Figure 2.shows the schematic of delay cell proposed in [1]. 
The delay cell consists of two NMOS transistors (NM0 and 

NM1), two PMOS transistors (PM2 and PM1) to provide 

positive feedback for oscillation, two diode - connected 

PMOS (PM0 and PM3) and one PMOS transistor PM4 for 

frequency tuning of the VCRO. The topology consists of 

three delay cells for minimization of power consumption 

and phase noise.  

 

The present work as compared to proposed work in [1], 

extends the VCRO to a three stage structure which expects a 

tradeoff  between phase noise and power consumption. 

NMOS transistors are used as the input pair to increase the 
trans conductance to capacitance (gm/C) ratio to achieve 

higher frequency of operation. Only parasitic capacitors are 

used to reduce the power consumption and bulk area.  

 

By adjusting the trans conductance of the diode connected 

PMOS, PM0 and PM3 wider tuning range can be achieved. 

The trans conductance of PM1 and PM2 can be adjusted 

from zero to a value close to gm of PM0 and PM3 by 

controlling the current through transistor PM5. 

 

The source nodes of transistors PM0 and PM3 is directly 
connected to supply voltage to maximize the output swing, 

thereby increasing the carrier power and reducing the noise 

power and hence the phase noise performance becomes 

better.  

The frequency of oscillation of the ring oscillator found in 

[1] is  

𝑓𝑜𝑠𝑐 =  
1

2𝜋
  

𝑔𝑛𝑚 0
2−(− 𝑔𝑝𝑚 2 + 𝑔𝑝𝑚 0+𝑐𝐿

2)

𝑐𝐿2
                            (1) 

 

Where gm is the trans conductance of the devices, GL and 

CL are the load conductance and load capacitance 
respectively. 

 

The frequency of oscillation is tuned by adjusting the trans 

conductance of the diode connected transistor MP0 and 

MP3.The maximum and minimum frequency can be 

calculated as  

 

   𝑓𝑚𝑎𝑥 =
1

2𝜋
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                                                                (2) 
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By setting the operating frequency as 5.86GHz The design 

parameters of the transistors in the delay cell are determined 

by using (1), (2) and (3). 

 

For a three stage ring oscillator the single sideband phase 

noise ( 𝐿{𝑓𝑜𝑓𝑓 } ) is calculated in [5]. 

 

𝐿{𝑓𝑜𝑓𝑓 } = 𝑁 .
𝜏2
𝑟𝑚𝑠

8 𝜋2 𝑓2
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𝑖2𝑛
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𝑣2
𝑝𝑝 𝑐

2
𝐿
                                     [4] 

 
𝑖2𝑛

∆𝑓
= 4𝐾𝑇𝛾(𝑔𝑚𝑛 0 + 𝑔𝑚𝑝 0 + 𝑔𝑚𝑝 1)                                   [5] 

 

Where гms is the root mean square of impulse response 

function (ISF). 

N is the number of noise sources, 𝑓𝑜𝑓𝑓  is the offset 

frequency for phase noise analysis, VPP is the peak to peak 

output amplitude, CL is the total output load capacitance,  γ  
is the noise multiplication factor for short channel device, 

𝑔𝑛𝑚  and 𝑔𝑝𝑚  are the transconductances of the NMOS and 

PMOS devices, K is the Boltzman constant, T is the 

temperature in degree kelvin. 

𝑖2𝑛
∆𝑓   = Device noise power spectral density. 

III.    SIMULATION ANALYSIS 

 

The ring oscillator is simulated in GPDK 90 nm CMOS 

technology in CADENCE environment. The tuning range, 

the phase noise and the power dissipation are measured 

using Virtuso ADE environment. 

 

A.  Tuning Range 

 
The supply voltage is varied and the tuning range is  

measured at  a supply voltage of 1 V,  the oscillating 

frequency is between 3.6 GHz to  7.52GHz, corresponding 

to tuning range of 52 %.  

 

Fig. 3. shows the transient analysis of the three stage ring 

VCO at a supply voltage of 1V . Figure 4 . shows the output 

frequency spectrum at fo= 5.86GHz .Figure. 5 is a plot of the 

channel length and the tuning range. This shows that the 

tuning range of this VCO increases almost linearly with the 

increase in length of the devices. 
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Figure .6 shows the measurment results of the operating 

frequency at different control voltages at supply voltage of 

1va 
 

 
 

 

Fig . 3. Transient analysis of VCRO 

 
 

 
 

 

Fig . 4 Frequency spectrum 

 

 

 
 

 

Fig. 5. Variation of tuning range of VCO with channel  

length of the device 

 

B.  Phase Noise  

 

The phase noise behavior of this VCO in SPECTRE  is 
measured and shown in figure 6. The phase noise value 

obtained is -99 dBc/Hz at 1MHz offset frequency, where the 

operating frequency is 5.8 GHz. 

 

 
 

 

Fig. 6. Control voltage VS frequency 

 

 
C. Power Dissipation  

 

In order to maximize the output swing the output node of 

PM2 and PM3 transistors are directly connected to power 

supply. Hence power consumption by the circuit obtained is 

1.787mW. 

 

 

 
 

 

Fig . 7. Phase noise characteristics at 1MHz offset frequency 

 

 

D . Layout 
 

 
Fig. 8. layout of delay cell 
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Fig. 9. layout of ring VCO 

 

The ring oscillator is implemented in 90nm N-well single 

poly triple metal CMOS technology. In the layout of the ring 

oscillator delay stages are placed closed to minimize the 

parasitic capacitance of interconnections. Fig .8 and 9 shows 

the layout of delay stage and the ring oscillator respectively.  

 

 

IV. ANALYSIS OF RESULTS 

 

The performance comparison of different VCO topologies 

with different design parameters and different technology is 

presented in table I. the delay used in this VCO operates at 

the operating frequency of  5.86GHz at a supply voltage of 

1v. 

 

The frequency tuning range improved  than other designs as 

in [1] and [6]. Phase noise also improved to -99 dBc/HZ at 1 

MHz offset frequency. 

 

 

 

 

 

 

TABLE I 

 

PERFORMANCE COMPARISION 

 

 

Ref. 

 

CMOS(nm) 

 

 

Power supply (v) 

 

FTR (GHz) 

 

Power (mW) 

 

Phase noise (dBc/Hz) 

  

[1] 

 

0.5um 

 

2.5 

 

0.660 -1.270 

 

15.5 

 

-106 

 

[6] 

 

0.18um 

 

2 

 

0.737-1.456 

 

14.8 

 

-103.3 

 

This 

work 

 

90nm 

 

1 

 

3.6 - 7.5 

 

1.7 

 

-99 

 

 
V.   CONCLUSIONS 

A  5.8 GHz, 1 V, three-stage CMOS ring oscillator with a 

wide tuning range, low power consumption has been 

implemented in 90 nm CMOS technology. This VCO has a 

wide operating frequency range (3.6 GHz – 7.5 GHz), which 

corresponds to a wide tuning range of 52.11%. The power 

consumption of this VCO is only 1.7 mW from 1 V supply 
voltage. The phase noise of this VCO is - 99  dBc/Hz, which 

is observed to improve further by using more number of 

stages. Hence the architecture presented in [1] when 

implemented in 90 nm process is demonstrated to have 

better performance with respect to tuning range, supply 

voltage, power consumption and silicon area. 
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