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where 𝜹= 0.34nm is the spacing between SWCNTs in 

bundle and d is the diameter of individual SWCNT.  
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Fig. 1. Cross-section of a SWCNT bundle interconnects 

B. Geometry of MLGNR 

The geometry of MLGNR over a dielectric plane is 

shown in Fig. 2 that consists of number of single GNR layers 

of lengths l. The thickness t and width W of MLGNR is 

determined by the technology node. The spacing between 

GNR layers δ=0.34nm or inter layer spacing is determined 

by vander waals forces between the atoms in adjacent 

graphene layers. As per the technology node and considering 

the thickness and width of MLGNR the total number of 

graphene layers in MLGNR can be approximated as [10] 

 

 tIntegerlayerN  1                                                 (3)                      

 
Figure 2. Geometry of MLGNR [11] 

C. RLC model for bundled SWCNT and MLGNR 

The detailed description of RLC model of bundled 

SWCNT and MLGNR interconnect is presented based on 

modeling approach for MWCNT bundle [8]. The equivalent 

RLC model consists of metal-nanotube imperfect contact 

resistance or metal grapheme sheet imperfect contact 

resistance (RC) with a typical value of 3.2KΩ. Each SWCNT 

or GNR layer exhibits (1) quantum or intrinsic resistance (2) 

imperfect metal-nanotube/graphene contact resistance (Rmc) 

(3) scattering resistance R’. The SWCNT/graphene has four 

conducting channels due to spin degeneracy and sublattice 

degeneracy. Depending on the total number of conducting 

channel of bundle, the total bundle resistance appears as [8] 
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Where, Ni is the conducting channel of ith SWCNT/graphene 

and n is the number of SWCNT/grapheme layer. 

The equivalent circuit also consists of kinetic inductance 

(LK) which basically arises due to kinetic energy of electrons 

and can be expressed for SWCNT bundle/MLGNR as [8, 

10, and 12] 

  L
, 2

Lk
K ESC Ntotal

                                                 (7) 

Where, 

Fve

h

KL
2

2

  and Ntotal is the total number of 

conducting channel of SWCNT bundle/MLGNR.  

The equivalent capacitance of the ESC model includes 

two types of capacitances: electrostatic capacitance (CE,ESC) 

and quantum capacitance (CQ,ESC). The electrostatic 

capacitances and quantum capacitances can be expressed as 

[8, 10 and 12] 
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Where, Cq =2e2/hvf ,   e = electronic charge, Vf = fermi 

velocity of grapheme sheet.     

 
Fig. 3. Equivalent RLC model [8] 

III. SIMULATION SETUP 

This paper, primarily analyzes the propagation delay for 

bundled SWCNT and MLGNR at different interconnects 

lengths ranging from 400μm to 2000µm and compared. The 

interconnect line is replaced by the equivalent RLC model of 

bundled SWCNT and MLGNR structure. Simulation setup 

uses CMOS inverter at 32nm technology node. The 

interconnect line is terminated with a load capacitance CL = 

10aF. 

CL

Bundled SWCNT interconnect

 
Fig. 3. Driver- interconnects load (DIL) system. 
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IV. RESULT AND DISCUSSIONS 

HSPICE simulations are performed for bundled SWCNT 

and MLGNR structures to address the propagation delay at 

different interconnects lengths. The propagation delay 

increases with interconnect lengths but the propagation delay 

of MLGNR is reduces in comparisons with SWCNT bundle. 

The reason behind is that the propagation delay mainly 

depends on interconnects parasitic such as capacitance, 

inductance and resistance. The increasing number of 

conducting channel in MLGNR reduces interconnects 

parasitic inductances and resistances results decreases the 

propagation delay. 

Finally, the propagation delay for SWCNT bundle and 

MLGNR is presented and summarized in Table 1. It has 

been observed that propagation delay significantly reduces 

for MLGNR compared to SWCNT bundle.   

 

 
Figure 1. Propagation delay comparison between SWCNT bundle and 

MLGNR. 

TABLE I.   

PROPAGATION DELAY  FOR SWCNT BUNDLE AND MLGNR AT  DIFFERENT 

GLOBAL INTERCONNECT LENGTHS 

Interconnect 

lengths (µm) 

Propagation delay (in ns) for SWCNT bundle and 

MLGNR 

SWCNT Bundle MLGNR 

400 7.751 0.271 

800 15.702 0.497 

1200 23.590 0.684 

1600 31.473 0.839 

2000 39.371 0.997 

 

V. CONCLUSION 

This research paper primarily introduces two structures 

SWCNT bundle and MLGNR for VLSI interconnects 

design. Propagation delay has been analyzed and compared 

between bundled SWCNT and MLGNR at different global 

VLSI interconnect lengths. It has been observed that 

propagation delay mainly depends on interconnect parasitic 

that is mainly depends on total number of conducting 

channel of bundle structure. Based on simulation results it 

has been observed that, on an average the propagation 

delays are reduced by 96.62% for MLGNR compared to 

bundle SWCNT.    
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