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ABSTRACT 

In the world of micro and nano IC era, Complementary Metal-Oxide-Semiconductor (CMOS) technology has 

lost its performance credentiality during scaling down beyond 32nm. Scaling causes severe performance 

degradation including Short Channel Effects (SCE) which are difficult to suppress. As a result of such effects, 

many alternate devices have been identified. Some of the major contestants include Multi Gate Field Effect 

Transistor (MuGFET) like FinFET, Carbon Nano tubes, Graphene Nano Ribbon, silicon Nano wires etc. 

Among these, Graphene Nanoribbon plays a vital role in modern electronic VLSI design. In this paper, the 

CMOS transistors present in the 1 bit SRAM memory cell is replaced by GNRFETs. The performance of SRAM 

memory cell built by 32nm GNRFET technology is compared with CMOS, FinFET and CNTFET technology 

using HSPICE simulation tool. 
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I. INTRODUCTION 

 

Semiconductor memories are considered as the most important microelectronic components of digital logic 

system design, such as computers based application. Semiconductor memory arrays are capable of storing large 

quantities of digital information which are essential for all digital systems. The amount of memory required in a 

particular system depends on the type of application, but the number of transistors required for storage function 

is larger than for logic operations and other applications. The ever increasing demand for large storage capacity 

has driven the fabrication technology and memory development towards higher data storage densities. On-chip 

memory arrays have become widely used subsystems in VLSI circuits and commercially available single chip 

read/write memory capacity has reached 1 GB. 

The semiconductor memory is generally classified according to the type of data storage and data access. 

Read/write memory or Random access Memory (RAM) must permit the change of data bits stored in the 

memory array, as well as their retrieval demand. The stored data is volatile. 

SRAM is mainly used for cache memory in microprocessor, mainframe computers, engineering workstations 

and memory in handled devices due to high speed and low power consumption. Memory cells are constructed 

using transistors. The number of transistors used in a single chip may increase drastically for every years based 
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on Moore's law, 
[1]

.  Even though they provide high speed of operation, lower leakage and reduced transistor 

count, they become less efficient when the area decreases below 32nm. International technology Roadmap for 

semiconductors (ITRS) provides information about recent trends and advancement in semiconductor 

technology, 
[2]

. 

In this paper, the CMOS transistors used in the conventional SRAM cells are replaced by Graphene 

Nanoribbon, to reduce power consumption and the simulation is done by using HSPICE tool. The simulation 

results of GNRFET-SRAM are compared with the simulation results of CMOS SRAM on the basis of power 

dissipation. 

 

II. CMOS ALTERNATIVES 

 

Many researches are being carried out in the field of SRAM. Newer technologies are coming to existence. 

Moore’s law states that the number of transistors per square inch in an integrated circuits doubles every eighteen 

months but now the law is facing certain discrepancies,
 [1]

. In the existing system, SRAM memory cells are 

designed using CMOS technology. It has various advantages like the circuit is very simple, consumes little 

power in a fixed state and also has high input impedance. Though it has these advantages, it fails when it is 

scaled beyond 32nm, 
[3], [4]

. It undergoes Short Channel Effect which is an effect whereby a MOSFET in which 

the channel length is the same order of magnitude as the depletion-layer widths of the source and drain junction, 

behaves differently from other MOSFETs.  As a result of this short channel effects, the power dissipated by 

CMOS SRAM circuit becomes very high below 32nm. The read stability and write ability are major concerns in 

nanoscale. Therefore, inorder to reduce the performance degradation and short channel effects, the alternate 

devices such  as FinFET, CNTFET, GNRFET, Silicon nanowire etc have been studied experimentally,
[5], [6]

.  

 

2.1 FinFET 

Fin-type field-effect transistors (FinFETs) are leading promising substitutes for CMOS device at the nanoscale. 

FinFETs are double-gate devices. The two gates of a FinFET can either be shorted for higher perfomance or 

independently controlled for lower leakage or reduced transistor count, 
[3], [7]

. 

 

Fig. 1  Multi-fin FinFET 

 

The FinFET device consists of a thin silicon body, wrapped by gate electrodes. The independent control of the 

front and back gates of the FinFET is achieved by etching away the gate electrode at the top of the channel. The 

effective gate width of a FinFET is 2nh, where n is the number of fins and h is the fin height. Thus, wider 

transistors with higher on-currents are obtained by using multiple fins. 
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2.2 Carbon Nanotubes 

Carbon Nanotubes are tubular cylinders of carbon atoms that have extraordinary mechanical, electrical, thermal, 

optical and chemical properties. They are of two types of nanotubes, which are single walled and multi walled 

Carbon Nanotubes. CNTFET (Carbon Nanotube Field Effect Transistor) utilizes a single carbon Nanotube or an 

array of carbon nanotubes as the channel material instead of bulk silicon in the traditional MOSFET structure, 

[8], [9],[10]
. 

 

Fig.2  Carbon Nanotube Structure 

 

Based on their folding angle and diameter, these nanotubes can be metallic or semiconductive.  The band gap of 

semiconducting nanotubes decreases with increase in diameter. Electronic structure of carbon nanotubes makes 

then ideal candidates for novel molecular devices. This can also be used as an alternative for CMOS technology 

beyond 32nm in order to overcome its short comings . 

 

2.3 Graphene Nanoribbon 

Graphene Nanoribbon is also called as nano-graphite ribbons, are strips of graphene with ultra-thin width 

(<50nm). Graphene ribbons were introduced as a theoretical model by Mitsutaka Fujita and co-authors to 

examine the edge and nanoscale size effect in grapheme. Careful patterning of graphene laterally confined in 

ribbon like structure gives rise to Graphene Nanoribbons (GNRs), 
[11], [12],[13]

. 

They are of two types- armchair and zigzag. In Zigzag, each segment is of opposite angle to the previous. In 

armchair type, each pair of segments is a 120/-120 degree rotation of the prior pair. Zigzag edges provide the 

edge localized state with non-bonding molecular orbitals near the Fermi energy. They are expected to have large 

changes in optical and electronic properties from quantization. 

https://en.wikipedia.org/wiki/Quantization_(physics)
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Fig.3 Graphene Nanoribbon 

 

Calculations based on tight binding theory predict that zigzag GNRs are always metallic
 
while armchairs can be 

either metallic or semiconducting, depending on their width. Density Function Theory (DFT) calculations show 

that armchair nanoribbon are semiconducting with an energy gap scaling with the inverse of the width of 

Graphene Nanoribbon. Experiments verified that energy gaps increase with decreasing GNR width.  

Graphene  Nanoribbons possess excellent semiconductive properties and may be used as an alternative for 

silicon semiconductor. Their 2D structure along with certain properties like high electrical and thermal 

conductivity makes GNR an alternative to copper for Intergrated circuits interconnect. 

 

III. SRAM CELL 

 

SRAM stands Static Random Access Memory. It finds application in CPU Cache, Personal Computers, 

workstations, routers, hard disk buffers and router buffers. The advantage of SRAM is that it does not require 

periodic refreshment unlike DRAM. It is also volatile i.e. the data is lost once the power is turned off. The 

construction of a 6T SRAM cell consists of 2 PMOS and 4 NMOS transistors. 

 

Fig. 4   6T SRAM Cell 

https://en.wikipedia.org/wiki/Density_functional_theory
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The operation of SRAM cell is explained by considering 6T SRAM cell as an example. From the figure 3 we 

can understand the circuit diagram of 6T SRAM cell. The operation of SRAM can be divided into three states: 

read, write and hold state. During write operation, the voltage of WL is increased and Bit lines BL and BL’ are 

raised to Vdd or with necessary values. The new bit line value overpowers the existing value. During read 

operation, the WL voltage is raised high, the memory cell discharges either BL or  BL’ depending on the stored 

date on the nodes Q and Q’. During Hold state, the voltage in WL is held low and the BLs are left floating or 

driven to Vdd. Each bit in an SRAM is stored on four transistors that form two cross-coupled. This storage cell 

has two stable states, which are used to denote 0 and 1. Two additional access transistors control the access to 

storage cell during read and write operation.  

 

IV. SIMULATION RESULTS 

 

Hailey’s Simulation Program with Intergrated Circuit Emphasis (HSPICE) is software that supports the 

simulation of SRAM cell using Graphene Nanoribbon. Simulations are carried out to measure the power 

dissipated by CMOS and GNRFET (Graphene Nanoribbon Field Effect Transistor). Along with this, the power 

dissipated by FinFET and CNTFET is also estimated and results are tabulated to find the technology that has 

minimum power dissipation below 32nm, 
[13], [14], [15], [16]

. 

The simulation result of 6T SRAM cell is shown below and the same is obtained for various technologies used. 

The first waveform represents the word line, the second waveform represents the bit line and third waveform 

represents the output depending on whether it is read or write operation, 
[17,[18]

. 

Fig. 5 Simulation Waveform of  6T SRAM cell 

 

In the above figure, the first waveform v(4) shows bitline (BL), the second waveform v(5) shows bitline bar 

(BLB) and the third waveform v(6) shows wordline (WL). Finally, the last waveform shows data stored in the 

node 2.      

These simulation is done by using model files obtained from resources available in PTM, Stanford and nanohub 

websites, 
[19],[20],[21]

. 
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V.  PERFORMANCE COMPARISON 

 

The performance of Graphene Nanoribbon  based design is determined by comparing with CMOS, FinFET, and 

CNTFET based design. The performance are compared based on the parameters such as  power consumption, 

total power dissipation, average delay and leakage current. 

The following table shows the performance comparison of GNRFET based SRAM cell with CMOS, FinFET 

and CNTFET based SRAM cell design. 

 

Parameters 6T-SRAM Cell 

Technology used 
CMOS based 

design 

FinFET based 

design 

CNTFET 

based design 

GNRFET 

based Design 

Average power consumption 16.605nW 10.23nW 6.211 nW 8.23 nW 

Total voltage source power 

dissipation 
5.5079 nW 34.1 nW 32.90 pW 0.401nW 

Average delay 0.2964 us 4.65ns 2.5049 ns 3.75ns 

 

 

Fig. 6 Performance comparison 
 

VI. CONCLUSION 

 

From this it can be concluded that, though CMOS is irreplaceable, the power dissipated by GNRFET is 

comparatively less than CMOS. The power dissipated by CNTFET is also less than CMOS beyond 32nm. The 

circuit designed using GNRFET is more efficient than CMOS technology beyond 32nm. The scope of Graphene 

Nanoribbon in the field of VLSI proves to be promising and paves way for a new revolution in MOSFET 

technology. Graphene Nanoribbon can thus be used as an alternative for CMOS beyond 32nm. 

 



 
 

203 | P a g e  

REFERENCES 

 

[1] M. Lundstrom, “Moore’s law forever?” Science, vol. 299, no. 5604, pp. 210–211, 2003. 

[2] International Technology Roadmap for Semiconductors (ITRS). San Jose, CA: Semiconductor Industry 

Association, 2007. 

[3] Niraj K. Jha, Deming Chen, “Nanoelectronic Circuit Design", Springer, 2011. 

[4] Tegze P. Haraszti, "CMOS Memory Circuits", Kluwer Academic Publishers, 2002 

[5] G.Boopathi Raja, M.Madheswaran, “Logic fault detection and correction in SRAM based memory 

applications”, Proc. IEEE., International Conference on Communications and Signal Processing (ICCSP), 

2013. 

[6] Ching-Te Chuang, Saibal Mukhopadhyay, Jae-Joon Kim, Keunwoo Kim, and Rahul Rao, " High-

Performance SRAM in Nanoscale CMOS: Design Challenges and Techniques", IEEE, pp. 4-12, 2007. 

[7] C. R. Manoj, Meenakshi Nagpal, Dhanya Varghese, and V. Ramgopal Rao, " Device Design and 

Optimization Considerations for Bulk FinFETs", IEEE transactions on electron devices, Vol. 55, No. 2, pp. 

609-615, February 2008. 

[8] Joerg Appenzeller, "Carbon nanotubes for high performance electronics - Progress and prospect", Purdue         

e-Pubs, 2008. 

[9] R. Martel, T. Schmidt, H. R. Shea, T. Hertel, and Ph. Avouris," Single- and multi-wall carbon nanotube 

field effect transistors", Applied Physics Letters, Vol. 73, no. 17, pp. 2447-2449, Oct. 1998. 

[10]  Young Bok Kim, "Design methodology based on carbon nanotube field effect transistor (CNFET)", 

Computer Engineering Dissertations, 2011. 

[11] Sang Hoon Chae, Young Hee Lee, “Carbon NanoTubes and graphene towards soft electronics,” Nano 

Convergence 2014, pp.1-15. 

[12]  Ying-Yu Chen, Artem Rogachev, Amit Sangai, Giuseppe Iannaccone, Gianluca Fiori and Deming Chen, 

“A SPICE-Compatible Model of Graphene Nano-Ribbon Field-Effect Transistors Enabling Circuit-Level 

Delay and Power Analysis Under Process Variation,” Design, Automation, and Test in Europe, 2013. 

[13]  Md Shamiul Fahad, Ashok Srivastava, Ashwani K. Sharma, and Clay Mayberry, ”Analytical Current 

Transport Modeling of Graphene Nanoribbon Tunnel Field-Effect Transistors for Digital Circuit Design’’, 

IEEE Transactions on Nanotechnology, vol. 15, No. 1, January 2016. 

[14]  O’Connor, J. Liu, F. Gaffiot, " CNTFET-based logic circuit design", IEEE, 2006. 

[15]  Jie Deng, and Wong H-S. P., "A Compact SPICE Model for Carbon Nanotube Field-Effect Transistors   

Including Nonidealities and Its Application-Part I: Model of the Intrinsic Channel Region," IEEE 

Transactions on Electron Devices, Vol 54, Issue 12, Page(s):3I86-3194, Dec. 2007. 

[16]  Jie Deng, and Wong H-S. P., "A Compact SPICE Model for Carbon Nanotube Field-Effect Transistors 

Including Nonidealities and Its Application-Part II: Full Device Model and Circuit Performance 

Benchmarking," IEEE Transactions on Electron Devices, Vol 54, Issue 12, Page(s):3195-3205, Dec. 2007. 

[17]  G.Boopathi Raja, M.Madheswaran,  “Design and Performance Comparison of 6-T SRAM Cell in 32nm 

CMOS, FinFET and CNTFET Technologies”, International Journal of Computer Applications (0975 – 

8887) Volume 70– No.21, May 2013. 



 
 

204 | P a g e  

[18]  G.Boopathi Raja, M.Madheswaran, “Design and Analysis of 5-T SRAM Cell in 32nm CMOS and 

CNTFET Technologies”, International Journal of Electronics and Electrical Engineering Vol. 1, No. 4, 

December, 2013. 

[19]  Predictive technology model for 32 nm CMOS, FinFET technologies. [Online]. Available: 

http://www.eas.asu.edu/~ptm. 

[20]  Stanford University CNTFET Model files website [Online]. Available: 

http://nano.stanford.edu/model.php?id=23. 

[21]  Graphene  Nanoribbon (GNR) based FET Model files website [Online]. Available: http://nanohub.com.

 


