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ABSTRACT 

The continuous device scaling and performance improvements required by the International Technology 

Roadmap of Semiconductors (ITRS) are facing a great challenge as conventional Si CMOS scaling comes to its 

fundamental physical limits. Remarkable development can observe in the field of CMOS technology. This paper 

presents a review of the latest research and development in this field in the last few years. We review the recent 

research progress in CMOS technology in graphene due to very large mobility and some unique material 

properties and new device architecture such as graphene FET (G-FET). 

INDEX TERMS - MOSFET, Graphene, Nanoelectronics, transistor scaling, Graphene-FET (G-FET), Dirac 

point, ballistic transport. 

I. INTRODUCTION 

The continuous scaling of the silicon transistors has been the driving engine for the exponential 

growth of digital information processing systems for last few decades. The Si transistor in production 

today is below the 100-nm scale and has entered the nanoelectronics regions [1]. With the scaling 

limit of Si field effect transistors (FETs) in sight, large groups of emerging research devices are being 

extensively studied. Among them, carbon – based nanostructure FETs are the forerunners due to their 

excellent carrier transport properties of Graphene’s high intrinsic mobility, high current densities as 

well as it is compatible with silicon, which makes graphene- based circuits has been considered 

promising for next generation field - effect transistors (FETs) [2,3]. 

The paper is organized as, section-1, gives the introduction about research progresses in the 

technology, section-2 gives the detail about their material properties and band structure and section -

3&4 gives the introduction about newly proposed idea about Graphene MOSFET (G-FET). 

Conclusion and future work is given in section-5.  

II. GRAPHENE 

Graphene is newly discovered material with unusual electrical and optical properties [4]. The high 

field effect mobility of ~120 000 cm2V-1s-11has been extracted from a “suspended” graphene field 

effect transistor (FET) made by mechanical exfoliation of bulk graphite at 240 K [4, 5]. Although 

practical application of graphene FET requires a reliable substrate, the mobility of graphene FET on 

the SiO2/Si substrate is limited to ~10 000 cm2 V-1s-1 [5].With promising progress on fabricating and 

pattering a Graphene layer, Graphene electronics has been a topic of strong research, i.e. Graphene 

Nanoribbon (GNR) can be either metallic or semiconducting, depending on its structure. An 

exceptionally high mobility (~ 10000 cm2/V s) of Graphene and GNRs has been experimentally and 

theoretically demonstrated, which lead to a promising near- ballistic transport in Nanoscale GNRFET 

[2, 9, 10, 15]. Graphene mobility : > 100, 00 cm2V-1s-1 at room temperature, this is not only ~100 

times greater than of Si, but about 10 times greater than that state-of-the art semiconductors lattice-

matched to InP, regarded  the best high-speed materials. The saturation velocity (vsat) of graphene has 

not been determined clearly yet, but it is estimated to be ~ 5 times greater than that for Si MOSFETs 

[6, 7, 8]. 

 



International Journal of Advances in Engineering & Technology, Sept. 2013. 

©IJAET                                                                                                          ISSN: 22311963 

1536 Vol. 6, Issue 4, pp. 1535-1540  
 

Note: Mechanical exfoliation is fabrication technique used in fabricating graphene, it performed upon 

a wafer, which is composed of many stacked layers of graphene.  

Graphene is a two- dimensional allotrope of carbon. It is made of carbon atom arranged on a 

honeycomb structure hexagons and can be thought of as a composed  benzene rings strips out from 

their hydrogen atom as shown in Fig.1. In 1946 P. R. Wallace in first wrote on the band structure of 

graphene and showed the unusual semi metallic behavior in this material [11]. 

 
Fig.1: Chemical Structure of Graphene [honeycomb structure of graphene] 

Electron in graphene behaves as massless Fermions and travel through the lattice with long mean free 

path as by high mobility. Graphene is a zero-gap material, with linear dispersion in corresponding 

Fermi energy, which makes it particular unsuitable for transistor applications [12]. 

2.1. Intrinsic and extrinsic graphene 

Graphene has unique properties, so it is necessary to distinguish between intrinsic and extrinsic 

Graphene. Gapless graphene (either monolayer {MLG} or bilayer {BLG}) has a charge neutrality 

point (CNP) i.e., the Dirac point, where its character changes from being electron like to being hole 

like as shown in Fig.[2(a)& 2(b)] respectively. Note: Density of states of graphene is close to the 

Dirac point. Such a distinction is not meaningful for a 2DEG (or BLG with a large gap) since the 

intrinsic system is simply an undoped system with no carriers (and as such is uninteresting from the 

electronic transport properties perspective) [13].  

 

           
                       Fig.2 (a): Dirac point                                                     Fig.2 (b): Dirac point   

Fig.2: Dirac point in Graphene [Note: case 2(a), 2(b) electron and hole respectively]. 

 

In monolayer and bilayer graphene, the ability to gate (or dope) the system by putting carriers into the 

conduction or valence band by tuning an external gate voltage enables one to pass through the CNP 

where the chemical potential (EF) resides precisely at the Dirac point. This system, with no free 

carriers at T “0”, and EF precisely at the Dirac point is called intrinsic graphene with a completely 

filled (empty) valence (conduction) band. Any infinitesimal doping (or, for that matter, any finite 

temperature) makes the system ‘‘extrinsic’’with electrons (holes) present in the conduction (valence) 

band. Although the intrinsic system is a set of measure zero (since EF has to be precisely at the Dirac 

point), the routine experimental ability to tune the system from being electron like to being hole like 
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by changing the external gate voltage, manifestly establishes that one must be going through the 

intrinsic system at the CNP. If there is an insulating regime in between, as there would be for a 

gapped system, then intrinsic graphene is not being accessed [14]. 

2.2. Band Structure 

The band of graphene is very peculiar, and the dispersion relation E (kx, ky) is represented by a conical 

surface defined in 2-D reciprocal lattice [kx, ky]. Besides, being the graphene lattice formed by two 

sublattices A and B as shown in fig-3, its wave function has two components and the single–electron 

Hamiltonian in graphene exhibits an analogy with the Hamiltonian of massless Dirac fermions, with 

the group velocity vf playing the role of the speed of light c(i.e. 108cm/s) in quantum electrodynamics 

(QED) and the two sublattices playing the role of pseudo-spin [10,15]. 

The energy bands derived from Hamiltonian have the form 

𝐸± (𝑘) = ±𝑡√3 + 𝑓(𝑘) − 𝑡 ′𝑓(𝑘)                           (1) 

The value of t’ is not well known but initio calculations find 0.02t ≤t’≤0.2t depending on the tight 

binding parameterization.  Experimentally t’ is find as t’≃0.1eV, where  

𝑓(𝑘) = 2 𝑐𝑜𝑠(√3 𝑘𝑦 𝑎) + 4 𝑐𝑜𝑠 (√
3

2
 𝑘𝑦𝑎) 𝑐𝑜𝑠 (

3

2
𝑘𝑥  𝑎)    (2) 

The band structure of graphene emphasizing the linear dispersion relation at k-points.  

   
                                                          
Fig.3: Graphene Lattice structure                      Fig. 4 (color online). (a) Graphene band structure. (b)  

Enlargement of the band structure. 

 

2.3. Material Properties of GRAPHENE [15, 17, 18] 

 Graphene is a semimetal (zero gap semiconductors) with charge carriers behaving as massless 

Dirac fermions. 

 Under charge neutrality conditions, the Fermi level is at the interception of the valance and 

conduction bands, but can be shifted with the application of a vertical electric field to create a 

majority of holes or electrons. A transition of the Hall coefficient from positive to negative values 

is observed. 

 Graphene exhibits very high carrier motility at room temperature due to a weak electron phonon 

interaction. 

 Electrons travel ballistically in graphene over long distance (of the order of one micrometer) 

which for exceed the length of advanced FETs. 

 Graphene is more than 100 times stronger than strongest steel. 

  Mechanical properties of graphene include an exponential Young’s modulus of~ 1 TPa and 

elastic stretchability of up to 20%. As structure is changed when graphene is strained, graphene 

could be a potential material for electro- mechanical transducers. 

 Graphene can sustain current densities exceeding those of copper at comparable dimensions. 
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 Saturation  velocity(cm/sec)≃4-5×107 

 Current density(A/cm2) ~ 109 

 Thermal conductivity(W/m-K)≃4800 

 
Table.1:  Summery of Intrinsic Material properties of Graphene 

S.N. Property Value 

1 Saturation Velocity(cm/Sec) 4-5X107 

2 Carrier  mobility(cm2/Vs) >100,000 

3 Current density(A/cm2) ~109 

4 Thermal conductivity(W/m-k) 4800 

5 Optical opacity (%) 2-3%per layer 

6 Young’ modulus(Pa) 0.5-1 tera 

7 Mechanical stretchability Up to20% 

 

III. GRAPHENE MOSFET (G-FET) DEVICE STRUCTURE 

Graphene transistors are getting more attention and various device structures could be investigated for 

many possible applications. The cross-sectional view of graphene based transistors is shown in Fig.5, 

6 &7. In graphene based devices channel is Graphene. Graphene field–effect transistors (GFETs) have 

been under continuous development because of their high mobility and carrier velocity, excellent 

scaling properties, configurability as electron or hole channel devices and their potential CMOS and 

RF application compatibility [16]. 

                              
Fig.5: A schematic of top-gated graphene FET (TG-GFT)       Fig.6:  Double-gate Graphene based MOSFET  

           (DG-GFT)  

 
Fig.7: Device structure of Graphene based bottom-gate MOSFET 
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IV. EPITAXIAL GRAPHENE ON SIC TRANSISTORS 

Epitaxial graphene FETs are in early stages of development, though several key device parameters 

have been demonstrated. For example, the epitaxial graphene RF FETS have been demonstrated in 

top-gated layout with the highest ever on-state current density of 3 A/mm, the extrinsic speed 

performance (ft/fmax of 5 GHz/14GHz) is reported with a 2 µm gate length. Also Ion/Ioff ratio was ~ 4 

with field-effect mobility below 200 cm2/Vs. While graphene field-effect mobility as high as 5400 

cm2/Vs for electron has been demonstrated, it was achieved using six to seven layers of epitaxial 

graphene on C- face SiC substrates, resulting in Ion/Ioff  ratio of<2. In the case graphene FETs 

fabricated on the Si face of SiC substrates, field effect mobility has been limited below 1200cm2/Vs, 

but with an improved Ion/Ioff  ratio of~ 10 [20,21].   

V. CONCLUSION AND FUTURE SCOPE 

The objective of this paper is to review the latest research and development in the CMOS technology. 

In this work we observe that Graphene is an emerging electronic material, provides promising 

properties for next –generation CMOS technology as well as for future nanoelectronics applications. 

The fundamental current- carrying capacity is found to be much higher than traditional FETS 

(MOSFETs, HEMTs). Due to large thermal conductivity, graphene devices is more to suitable ultra 

large scale (ULSI) application and less  pron to self-heating  effect(SHE). 

Finally, graphene research includes large-scale and high throughput solution based processing for 

low- cost electronics and compatible with silcon, which makes graphene based   circuits a potential 

candidate for the above emerging applications. 
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