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Introduction

CMOS suffer a fundamental limit beyond 10 nm technology.

Non scalability of              

Beyond 10 nm node, graphene is a viable solution

Thermal voltage
Threshold voltage
Supply voltage

High field-effect mobility (>15000 cm2/V s)

High Fermi velocity ( 108 cm/s)



Related Prior Research

Graphene based devices
LNA [4], 

Mixer [5], 

High frequency graphene amplifier [6], 

Frequency doubler [7]

LC-VCO [8]

Various optimization techniques  for analog circuits
Swarm optimization[9], 

Bee colony optimization [10], and 

Simulated annealing[11]



Novel Contributions

First attempt to propose a design flow for GFET based cross coupled 
version of an LC oscillator. 

A new optimization algorithm called multi-swarm optimization (MSO) 
is used in the design flow

Gives proper sizing of the GFET device to achieve maximum 
frequency.



Design and Characterization of a Graphene LC-VCO

Fig. 1. GFET based LC-VCO with GFET-2D cross-section (left)

Device Parameters Default Values

μ (Mobility) 0.3 m2/Vs

Length 6.0 μm

Width 1.6 μm

Rs (p-channel) 600 Ω

Rs (n-channel) 4000 Ω

Vsupply 9 V

Ibias 0.7 mA

Table 1. GFET Device Parameters



I-V Curves

Fig. 2. I-V Curve of N-type and P-type GFET around operating region



Proposed Design Optimization flow for GFET 
Based LC-VCO

LC-VCO Characteristics Estimated Values

fcenter 2.56 GHz

Vtank,p-p 0.8 V

Ibias 0.77 mA

Tuning Range 4.88%

Phase Noise (1 MHz offset) -88.25 dBc/Hz

Table 2. Baseline GFET based LC-VCO



Tuning Range and Phase Noise

Fig. 3. Tuning range and Phase noise Characteristics of the baseline GFET based LC-VCO 



Multi Swarm Optimization (MSO) Technique

Particle velocity update:

𝑣𝑡 + 1 = 𝑤𝑣𝑡 + c1r1(xi – pbest)  +  c2r2(xi-sbest)  +  c3r3(xi-gbest)

Particle position update:

𝑥𝑡 + 1 = 𝑥𝑖 + 𝑣𝑡 + 1

Algorithm Parameters Values

w 0.7 – 0.33

c1 , c2 , c3 0.2

Table 3. MSO Algorithm Parameters



Continued…

LC-VCO Parameters Parameter Type Minimum Value Maximum Value

L Design Variable 3 μm 7 μm

W Design Variable 1.4 μm 2.2 μm

Power Dissipation Design Constraint Minimize 16 mW

Phase Noise Design Constraint Minimize -80 dBc/Hz

Table 4. GFET based LC-VCO Design Variable and Constraints



Continued…

Fig. 4. GFET based LC-VCO Optimization  
(a) Initial Particles, x (b) Particles after 20th iteration



Optimized Frequency

Fig. 4. GFET based LC-VCO Optimization (Continued…)  

(c) Optimized Frequency



Experimental Results – Quality Factor

Fig. 5. Quality Factor of the GFET based LC-VCO



Frequency vs. length and width

Fig. 6. Frequency of the GFET based LC-VCO vs Channel length and Channel width



Power dissipation vs. length and width

Fig. 7. Power Dissipation of the GFET based LC-VCO vs Channel length and Channel width



Phase Noise vs. length and width

Fig. 8. Phase Noise of the GFET based LC-VCO vs Channel length and Channel width



Optimized response

Fig. 9. Tuning Range and Phase Noise of Optimized GFET based LC-VCO



Optimal GFET based LC-VCO

LC-VCO Parameters Obtained Values Remarks

Channel Length 3.35 μm 3 – 7 μm

Channel Width 1.82 μm 1.4 - 2.2 μm

Power Dissipation 11.74 mW Max. 16 mW

Phase Noise (1 MHz offset) -92.92 dBc/Hz Max. -80 dBc/Hz

Frequency 2.58 GHz 2.56 GHz

Tuning Range 4.62%

Vtank,p-p 0.75 V

Ibias 0.83 mA

Table 5. Characteristics of the Optimal LC-VCO

Initially Designed

Optimization 
Constraints

Optimization 
Variables



Conclusions and Directions for Future Research

Design constraints of phase noise and power dissipation are well 
met. 

The power dissipation and phase noise are 26.6% and 16.2% below 
their maximum values.

As a future work, a surrogate model of the circuit will be created 
which will then be used to perform optimization instead of using a 
netlist.

Parasitic aware design and multi-objective optimization will be 
performed to obtain the final layout.
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