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Abstract—Nowadays planar graphene based interconnects 

known as graphene nano-ribbons (GNR), are used for 

interconnections in VLSI and ULSI chips. The form of GNR 

which is widely used is multi layer graphene nano-ribbon 

(MLGNR). In this paper study of propagation delay of a 

driver-interconnect-load system (DIL) has been carried out 

along with MLGNR beyond 16nm and comparison has been 

made with the DIL systems used at 16 nm. In this work 

different numbers of devices that are connected in parallel 

have also been considered for three different operating regions 

like super threshold region, near threshold region, and sub 

threshold region. 

 
Index Terms—FinFET, Interconnects, Multi layer graphene 

nano-ribbon, propagation delay.  

 

I. INTRODUCTION 

Graphene is a two dimensional planar VLSI interconnects 

which are widely used because of its superior performance. 

One of the most important property of graphene nano-

ribbon, which makes it popular, is that electrons can move a 

long distance without being scattered [1-3]. Like carbon 

nanotube (CNT) graphene nano-ribbon can be classified as 

conducting and semiconducting  depending on the relations,  

N = 3m − 1 (metallic) or N = 3m, 3m + 1 (semiconducting ), 

where m is an integer and N is the number of hexagonal 

carbon rings across the width of GNR [4]. 

 

 

 

 

 

 

 

 

Fig. 1. Schematic view of (a) armchair-GNR and (b) zigzag-GNR[4]. 

The paper deals with the calculation of propagation delay 

for a driver-interconnect-load (DIL) system along withmulti 

layer GNR interconnects in nano scale region and 

comparison has been carried out between the calculated 

values of propagation delay at 16 nm and beyond. 

Variation of length and width of interconnect has been 

taken to calculate the delay parameter.DIL system  

comprises of CMOS, Short-Gate (SG) FinFET, 

Independent-Gate (IG) FinFET, and Low-Power (LP) 
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FinFET driver and load circuits has been used and GNR 

which has been used in the system is of multi layer.      

II. METHOD AND METHODOLOGY 

The driver and load circuits which are used in the driver-

interconnect-load (DIL) system are CMOS and FinFET. 

FinFET is a multi-gate device that having wrapped 

conducting channel under thin silicon (called fin) which 

forms the body of the device. 

 

 
 
Fig.  2. Driver-interconnect-load system using LP FinFET 

driver-load 

 

There are three variants of FinFET which have been used, 

in SG FinFET driver the front and back gates of PMOS and 

NMOS transistors are connected with each other and IG 

FinFET driver of n-type has been used in which front and 

back gates of PMOS transistor are short with each other and 

back gate of NMOS transistor is providing with another 

voltage source, and in LP FinFET both gates are at different 

potentials for PMOS and NMOS transistors [8].    

The GNR which has been used is neutral MLGNR with 

no intercalation doping. For neutral MLGNR the Fermi level 

which has been used is 0.1eV with 0.34 nm spacing between 

graphene layers and for neutral MLGNR mean free path is 

419 nm [6]. 

III. RESULTS AND TABLES 

The simulation has been carried out by considering 

different layers of GNR (3.10, and 20) and having width of 

layer equal to 10nm, 20nm, 30nm, 40nm up to 100nm. The 

length of interconnect varied from 100 µm to 1000 µm and  
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results have been calculated using TSPICE 14.0.For the case 

of LP FinFET driver-load circuit the back gate for NMOS 

transistors are set at -0.26V and back gates for PMOS are 

adjusted at 1.18V [7].  

Agnihotry et. al [5] has been calculated the delay 

variation with respect to length of interconnect and width 

respectively at 16 nm. This paper studies the effect beyond 

16 nm and comparison has been made with that of 16 nm.   

Fig. 3 and Fig. 4 shows the delay variation with length 

and width of interconnect respectively beyond 16 nm. The 

number of devices that are connected in parallel has been 

represented by M and values of M that have been considered 

are 1, 3, and6. 

 

 
(a) 

 
(b) 

 

(c) 

Fig 3. Delay variation of different DIL systems at Vin = 0.5V 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 4. Effect of width variation of different DIL systems on delay at 

Vin =0.5V 

 

From the results of Fig.3 and 4 it is clear that there is no 

change in propagation delay values at driver and load side 

beyond 16 nm. Therefore one type of driver and load circuit 

beyond 16 nm has been considered for calculating the 

improvement percentage of delay of DIL system beyond 16 

nm over 16 nm node 
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(b) 

 
(c) 

Fig. 5. Power delay product variation of different DIL systems for (a) 

GNR layer = 3 and M=1, (b)GNR layer = 3 and M=3, and (c) GNR 

layer = 3 and M=6 

Fig.5 shows the power delay product (PDP) of different 

DIL systems at 16 nm and beyond. From the results it is 

clear that the PDP of DIL system used beyond 16 nm shows 

very small value because for DIL systems using at 16 nm 

delay is in nano-seconds (ns) and for DIL system beyond 16 

nm delay is of the order of pico-seconds (ps). 

TABLE I: PERCENTAGE IMPROVEMENT OF PROPAGATION 

DELAY OF DIL SYSTEM BEYOND 16 NM OVER 16 NM NODE FOR 

GNR LAYER = 3 
% improvement of delay at GNR layer = 3 

Vin 0.5V 0.3V 0.2V 

 M=1 M=3 M=6 M=1 M=3 M=6 M=1 M=3 M=6 

CMOS 

DIL 
99.5 99.5 99.5 98.8 98.8 98.8 99.6 99.6 99.6 

SG 

FinFET 

DIL 

99.4 99.5 99.5 98.8 98.8 98.8 99 99 99 

IG 

FinFET 

DIL 

99.7 99.6 99.6 99 99 99 99.7 99.7 99.7 

LP 

FinFET  

DIL 

99.7 99.6 99.6 99.7 99.7 99.8 99.9 99.9 99.9 

TBLE II:  PERCENTAGE IMPROVEMENT OF PROPAGATION 
DELAY OF DIL SYSTEM BEYOND 16 NM OVER 16 NM NODE FOR 

GNR LAYER = 10. 

% improvement of delay at GNR layer = 10 

Vin 0.5V 0.3V 0.2V 

 M=1 M=3 M=6 M=1 M=3 M=6 M=1 M=3 M=6 

CMOS 

DIL 
99.5 99.6 99.7 98.8 98.8 98.8 99.6 99.6 99.6 

SG 

FinFET 

DIL 

99.4 99.6 99.7 98.8 98.8 98.8 99 99 99 

IG 

FinFET 

DIL 

99.7 99.7 99.7 99 99 99 99.7 99.7 99.7 

LP 

FinFET 

DIL 

99.7 99.7 99.7 99.7 99.7 99.8 99.8 99.8 99.8 

TABLE III:  PERCENTAGE IMPROVEMENT OF PROPAGATION 
DELAY OF DIL SYSTEM BEYOND 16 NM OVER 16 NM NODE FOR 

GNR LAYER = 20 

% improvement of delay at GNR layer = 20 

Vin 0.5V 0.3V 0.2V 

 M=1 M=3 M=6 M=1 M=3 M=6 M=1 M=3 M=6 

CMOS 

DIL 
99.5 99.6 99.7 98.8 98.8 98.8 99.5 99.6 99.6 

SG 

FinFET 

DIL 

99.5 99.6 99.6 98.8 98.8 98.8 99 99 99 

IG 

FinFET 

DIL 

99.7 99.7 99.7 99 99 99 99.6 99.7 99.7 

LP 

FinFET  

DIL 

99.8 99.7 99.7 99.6 99.7 99.8 99.8 99.8 99.7 

IV. CONCLUSION 

    From the results which have been found in the paper it 

has been concluded that performance of the DIL systems  

beyond 16 nm in terms of propagation delay is practically 

same. The improvement percentage in delay has been shown 

in the paper which shows that the DIL system when used 

beyond 16 nm give better improvement in speed in 

comparison with the DIL system used at 16 nm. 

Also from power delay product (PDP) graph it is clear 

that the PDP of DIL system used beyond 16 nm is very 

small as compared to that used at 16 nm. From the 

calculated results it has been concluded that the DIL system 

comprises of FinFET and MLGNR is a good candidate for 

the nano scale region in terms of speed and power 

dissipation. Therefore, for the future VLSI and ULSI chips 

this proposed DIL system will show superior performance.  

ACKNOWLEDGMENT 

The author is very thankful to Prof.(Dr.) R.P.Agarwal( 

Academic Advisor, Shobhit University, Noida Center, India) 

for his knowledgeful support. 

REFERENCES 

[1] D. Gunlycke, H. M. Lawler, and C. T. White, “Room-temperature 

ballistic transport in narrow graphene strips”, Physical Review B, 

vol.75, no. 8, pp. 085418-1- 085418-5,2007. 

[2] O. Roslyak, G. F. Gumbs, and D. Huang, “Tunable band structure 

effects on ballistic transport in graphene nanoribbons”,Phy. Lett. 

A,vol.374,pp. 4061–4064,2010. 

[3] S. Bhattacharya and S. Mahapatra, “Negative differential conductance 

and effective electron mass in highly asymmetric ballistic bilayer 

graphene nanoribbon”, Phys. Lett. A, vol. 374, no. 28,  pp.2850–

2855,2010. 

[4] C. Xu, H. Li, and K. Banerjee, “Graphene nano-ribbon (GNR) 

interconnects: A genuine contender or a delusive dream?”, in IEDM 

Tech. Dig, pp. 201–204,2008. 

[5] P.Agnihotry, and R.P.Agarwal, “Performance Analysis of CMOS 

And FinFET Driver with MLGNR at 16nm”,International Journal of 

Science, Technology & Management (IJSTM), vol. 04, no. 04, pp. 88-

94,2015.         

[6] L. X. Benedict, V. H. Crespi, S. G. Louie, and M. L. Cohen, “Static 

conductivity and superconductivity of carbon nanotubes—Relations 

between tubes and sheets”, Phys. Rev. B, Condens. Matter, vol. 52, 

no. 20,  pp. 14 935–14 940,1995. 

[7] P. Mishra, A. Muttreja, and N. K. Jha, Nanoelectronic Circuit Desig, 

springer,2011. 

[8] P.Mishra “Low-power FinFET Circuit Design and Synthesis   under 

Spatial and Temporal Variations” Ph.D Thesis, Princeton University, 

New Jersey, United States,2012. 

 

 

 



EJERS, European Journal of Engineering Research and Science 

Vol. 1, No. 1, July 2016 

 

8 
 

 

P. Agnihotryis from India, she born in 08 sep 

1986.She has done her Bachelor’s degree in 2007 

from Electronics and Communication from U.P.T.U 

India, and then she has completed her master’s in 

2010 from VLSI from Shobhit University India. She 

is pursuing her doctorate from Shobhit University in 

the field of Graphene Interconnets. 

She was LECTURER in subharti University India 

from 2007 to 2010, then she has shifted to B.B.D.I.T 

college India and started work there from 2011 till 

now. She has published seven research papers during her doctorate.

 Agnihotry had rewarded with the gold medal in her master’s 

degree. 

 

 

 

 

 

 

 

R. P. Agnihotry is from India, he born on 04 march  

1945. He has done his Bachelor’s degree in 1967 

from Electronics and Telecommunication from Agra 

University India, and then he has completed his 

master’s in 1970 from Electronics and 

Communication from Pune University India. He has 

done his PhD in 1977 from Tyne, UK.. 

He has a wider experience of teaching , research, 

development, administration, and of organization of 

professional events of international and national 

levelsof over 32 years. He has published over 80 technical papers in 

international and national journals and conferences.  

 Dr. Agarwal had rewarded with commonwealth scholarship for 

pursuing higher studies. 

 

 

 

 

 

 

 

 

 
 

Author’s formal 

photo 

 
 

Author’s formal 

photo 


