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Abstract 

Oscillators are integral part of many electronic systems. Its applications are from microprocessor clock generation to the nest bee 

phone carrier synthesis. CMOS circuitry in VLSI dissipates less power during static, and is denser than any other implementations 

having the similar functionality. In this paper, we propose the architecture of a CMOS based differential LC oscillator using actual 

capacitor and Inductor component. We are designing this architecture for WI-FI and ISM band of frequency applications. The 

circuit is easy to be integrated and with low power consumption. The presented results are obtained using CMOS EDA tool 

Microwind 3.5 with CMOS technology 45nm. The calculated results are obtained with the working formulas and can be compared 

with the current scenario.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

An oscillator is an electronic device used for the purpose of generation of a signal with specific frequency. Robust, high 

performance oscillator design in CMOS technology continues to pose interesting challenges. CMOS circuitry in VLSI dissipates 

less power during static, and is denser than any other implementations having the similar functionality.  

As the area of electronic devices is shrinking with time and VLSI technology shift towards nanometer feature sizes which 

interconnect in the order of delays and leakage power, dominating gate delays and dominating power. High performance and low 

power circuit design face many challenges. One of the key issue is high-speed storage media design is accomplishing very low 

cycle times and reducing leakage power consumption.  

With the fast advancement of CMOS technology, more & more signal processing functions are implemented in the digital 

domain for low cost, low power consumption, higher yield, & higher reconfigurability.  Typically, the required computational 

power of these applications is the driving force for the fast development of this field [1]. 

The Bluetooth, Zigbee, Wi-Fi operate in 2.4 Hz frequency i.e., the industrial, scientific and medical band (ISM band). ISM band 

frequency can be obtained with the help of oscillators. 

Oscillators are useful in many of the electronic equipment. Their role is to produce a periodic logic or analog signal with the 

stable and predictable frequency. 

There are many CMOS based oscillators available in the market. Here we have decided to study and analyse the two different 

oscillators as; 

1) Differential LC oscillator. 

2) Voltage Controlled Oscillator (VCO). 

As per prior designing concept, the ring oscillator consists of odd number of inverter stages. The output frequency is equal to 

the inverse of the propagation delay of all the inverters. The output of the last inverter is fed as the input to the first inverter. A LC 

circuit is a resonant circuit, tank circuit or tuned circuit consisting of L and C connected together. It is used for the generation of 

signals at a particular frequency. Frequency is controlled using L and C components. Differential LC circuit has many advantages, 

such as simple structure, high operating frequency and good linearity relationship between L and C values and frequency of 

oscillation. 

VCO is an electronic oscillator whose oscillation frequency is controlled by a voltage input .The applied input voltage determines 

the instantaneous oscillation frequency. The VCO core is based on an inverter-type ring oscillator supplied by a current coming 

from the voltage-to-current converter [2]. 
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The oscillators designed will be used for ISM and Wi-Fi band applications. Here we use 120nm and 45nm technologies for 

designing of oscillators. After designing we find out area estimation, power consumption, parametric analysis, current 

consumption, frequency etc. and compare the result of 120nm and 45nm technologies.  

In the modern CMOS approach, we are coming across MOS modelling. In this paper we are using the BSIM MOS modelling 

where we have to use 300 parameters for the voltage and current equations. Some of the parameters are listed in table below; 

Table – 1 

Parameter of MOS level implemented 
MOS Level parameters Typical Value 45nm 

Parameter Definition NMOS PMOS 

VTO Threshold Voltage 0.18V -0.15 V 

U0 Carrier Mobility 0.016 m2 /V-s 0.012 m2 /V-s 

TOXE gate oxide Thickness 3.5 nm 3.5 nm 

PHI Surface Potential 0.15 V 0.15 V 

GAMMA Bulk threshold Parameter 0.4 V^0.5 0.4 V^0.5 

W Channel Width 80 nm 80 nm 

L Channel Length 40 nm 40 nm 

II. DESIGN OF DIFFERENTIAL LC OSCILLATOR 

The role of oscillators is to create a periodic logic or analog signal with a stable and predictable frequency. Oscillators are required 

to generate the carrying signals for radio frequency transmission, but also the main clocks of processors [3]. 

LC oscillators are commonly used in CMOS radio-frequency integrated circuits (RF-ICs) because of their good phase noise 

characteristics and their ease of implementation. We have decided to study oscillators, because we need to understand the structure 

of oscillators as it is very useful in different types of electronic equipment. They are used in different fields and especially in radio-

frequency transmission in order to generate the carrying signals [4]. 

Differential LC oscillator the operating frequency is decided by the capacitor and inductor value. 

The operating frequency is given by: 

 
The LC oscillator used in this paper is not based on the logic delay, but on the resonant effect of a passive inductor and capacitor 

circuit.  

The schematic diagram of differential LC oscillator shown in fig 1 where the inductor L1 resonates with the capacitor C1 

connected to S2, combined with C2 connected to S1. 

 
Fig. 1: Schematic of Differential LC Oscillator 

For the layout implementation of the LC oscillator, we have to make some calculations as the output frequency is depends on 

the current of the transistors. So as per the calculations, width and Length calculations are like; 
Table – 2 

W and L for design 

 Width(µm) Length(µm) No. of Fingers. 
Current 

(I max) 

P 1 1.660 0.040 2 1.746mA 

P 2 1.660 0.040 2 1.746mA 
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N1 1.660 0.040 1 1.484mA 

N2 1.660 0.040 1 1.484 mA 

  On our first attempt of layout implementation, we added virtual values for capacitor and inductor because their values are easy 

to change during the simulation. Once the good values of the capacities and inductor were known, we could implement the actual 

layer based components instead of virtual components.  

 
Fig. 2: Physical layout of Differential LC Oscillator-Virtual L & C 

The layout implementation is performed using a virtual inductor L1 and two capacitors C1 and C2 with the specified width and 

length in table above. Notice the large width of active devices to ensure a sufficient current to charge and discharge the huge 

capacitance of the output node at the desired frequency. Using virtual capacitors instead of on-chip physical coils is recommended 

during the development phase. It allows an easy tuning of the inductor and capacitor elements in order to achieve the correct 

behaviour.  

Once the circuit has been validated, the L and C symbols can be replaced by physical components. The time-domain simulation 

shows a warm-up period around 1ns where the DC supply rises to its nominal value, and where the oscillator effect reaches a 

permanent state after some nano-seconds. The measured frequency approaches around 3.74GHz with a L1=3nH inductor and 

C1=C2=1.2pF in 120nm technologies, L1=3nH and C1=C2=1.2pF in 45nm technology. 

 
Fig. 3: DC Transient analysis For LC Oscillator 

The figure 3 shows the simulation result of LC oscillator with its voltage Variation. Both the outputs oscillate and a permanent 

regime is reached after some eight nanoseconds (8 ns). 
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Fig. 4: AC analysis of LC Oscillator operating Frequency 

A simulation model displays as in figure 4 shows the frequency variations versus time together with the voltage variations. We 

can notice on Figure 4 that the frequency is stable around 3.74 GHz. Simulation with BSIM4 parameters of a typical CMOS 45 

nm technology process indicates oscillation frequency up to 4.10 GHz. Using two additional capacitances about 1.2 pF each and 

Inductor having value of 3 nH, the corresponding frequency range changes up to 3.74 GHz. This is an ISM band frequency that 

we can use for the further application. The equivalent total power consumption in both cases is lower than 0.800 mW.  

Once the appropriate frequency as per the application achieved, we can use the actual value capacitance and inductance. The 

physical layout using the values is shown below; 

 
Fig. 5: Physical layout of Differential LC Oscillator-Actual L & C 

III. DESIGN OF VOLTAGE CONTROLLED OSCILLATOR 

A voltage-controlled oscillator or VCO is an electronic oscillator designed to be controlled in oscillation frequency by a voltage 

input. The voltage controlled oscillator (VCO) generates a clock with a controllable Frequency [5]. 

The most popular type of the VCO circuit is the current starved voltage controlled oscillator. In this circuit the numbers of 

inverter stages are used. The simplified view of a three stage current starved oscillator is shown in the fig 4. It generates a clock 

with a controllable frequency from -50% to +50% of its central value. The frequency of oscillation is varied by the applied DC 

voltage “Vcontrol” which is used to fix the current in NMOS as N1, N2, N3, N4 and PMOS as P1, P2, P3, P4.  A change on 

V_control will modify the currents in the inverters and act directly on the delay. Usually more than 3 inverters are in the loop. A 

higher odd number of stages are commonly implemented, depending on the target oscillating frequency. 
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Fig. 6: Schematic of VCO 

Here, we have three inverters in the loop but it is possible to put more, it depends on the oscillating frequency required. The 

voltage variations of input signal 

V_control’ and output signal ‘Voltage_ctr_osc’ are given in Fig.6. We chose to modify V_control very slowly, in order to see 

the influence on the oscillations. We put Control higher than 0.5 V, because there are no any oscillations under that value. 

 
Fig. 7: Physical layout of VCO 

Properties for the physical layout is as; 

Width:  2.9µm (146 lambda) 

Height:  2.4µm (119 lambda) 

Surf:  6.9µm2 (0.0 mm2) 
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Fig. 8: DC Transient analysis for ‘V_control’ and ‘Voltage_ctr_osc’ 

 
Fig. 9: Frequency and Voltage variation in VCO 

As we can notice on Fig. 8, the oscillation frequency variation is not linear. The maximum frequency up to 6.12 GHz is obtained 

when V_control is maximal. The frequency swing of NCO is from 0.57 GHz to 6.26 GHz. It is possible to modify these values by 

implementing more inverters. 

IV. CONCLUSION 

This paper presents the simulation and Implementation of different types of oscillators with 45 nm CMOS process for specific 

applications of WI-FI and ISM bands. The Design and Realization of structures include the physical design and simulations. 

Design, Area and power parameters are optimized by working on physical layout design. There are plenty applications of a 

frequency, because it forms the basic function for most of the electrical and electronic systems.  

For Differential LC Oscillator: 
No. of Stages Output Frequency 

L= 3nH, C=1pF 4.10 GHz 

L= 3nH, C=1.2pF 4.08 GHz 

L= 3nH, C=2.7pF 2.49 GHz 

From the above results, it is clear that the on paper calculated frequency is somewhat equal to the simulated oscillating frequency. 

For Voltage Control Oscillator: 

1) The measured tuning range of the proposed High performance VCO design is 0.60 to 3.23 GHz.  

2) The measured tuning range of the proposed High performance VCO design is 1.42 to 1.53 GHz for full swing V_Controll 

as clock input and Vplage as constant DC supply of 0.667 V from 0v to 1V.  

3) The on screen power estimation of the design is 60.126uW, which is quite less as compared to the normal VCO design.  

So as per the desired frequencies, we can adjust the design and can find out the appropriate frequencies as per need of ISM and 

WI-FI band of applications. 
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