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Abstract—This paper presents a review of the 

development of SOI – MOSFET from Single Gate (SG) 

and Multiple Gate (MG) devices to the Hydrogen 

Terminated Diamond Transistor (HTDT) Structures. 

The physical structure of Double and Triple gate SOI – 

MOSFET is discussed along with the operation, 

advantages and drawbacks. The promising features of 

HTDT devices are also discussed with an objective of 

gaining a deeper insight into their futuristic 

developments. 

Index Terms— HTDT, MG SOI – MOSFET. 

I. INTRODUCTION 

The single gate Silicon – On – Insulator MOSFET 

(SOI MOSFET) is categorized into Partially Depleted 

(PD) and Fully Depleted (FD) structures [1]. The PD 

– SOI is affected by phenomenon generally called 

floating body effects, which are suppressed to certain 

extent in the FD – SOI [2] – [4]. The floating body 

effects viz. Kink effect, single transistor latch 

phenomenon give undesirable behavior at high 

switching speeds. With continuous miniaturization of 

electronic components, it became necessary to 

improve the current driving ability of device and 

simultaneously reduce floating body effects. This led 

to the development of SOI – MOSFET with multiple 

gate terminals [5] – [12]. Subsequently the scaling 

down to sub nanometer level has led to the occurrence 

of Narrow Width Effects (NWE) which gained 

dominance along with the already existing Short 

Channel Effects (SCE) [13] – [15]. Lightly Doped 

Drain (LDD) – MOSFET, Selective Back Oxide 

(SELBOX) SOI – MOSFET did exhibited better 

channel control with higher electrostatic integrity [16], 

but were process intensive in the fabrication [17] and 

hence unfeasible for bulk techniques [18], [19]. 

Thereafter, the development of Diamond [20] as a 

substitute for silicon based bulk devices and the 

promising features of Hydrogen Terminated Diamond 

Transistors seem to provide an alternative with 

tremendous potential for developments against the 

performance debilitating drawbacks of the MG SOI – 

MOSFET.  

III. PLANAR STRUCTURES FOR 

SEMICONDUCTOR DEVICES 

The Gate All Around MOSFET (GAA – MOSFET) 

[5], shown in Fig 1, was the first planar double gate 

SOI – MOSFET. 

 

Fig. 1Gate All Around SOI – MOSFET 

The Gate terminals at Top and Bottom of the 

channel as shown in fig 1, increase the effective width 

of Gate, thereby enhancing the volume inversion 

which results in a higher current drive and 

transconductance [6], as compared to earlier bulk 

devices. There was an increase in the demand for non 

– planar devices mainly owing to their higher channel 

control and better electrostatic integrity. 

III. DIAMOND SEMICONDUCTOR DEVICES 

Diamond as a material has shown to have high 

breakdown field, better mobility, and a larger thermal 

conductivity [21], [22], thereby leading to a drastic 

reduction of the conduction and switching losses. High 

temperature and high voltage operations [23] using 

diamond for diodes has been exhibited for various 
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structures. While the on state resistance varied from 

83.4 mΩ cm2 to 13.3 Ω cm2 at 400 °C, the reverse 

leakage current was found to be a function of various 

parameters like thermionic emission: equation (1), and 

barrier lowering and Schottky barrier height as in 

equation (2). 

 

𝑗𝑅 = 𝐴∗𝑇2𝑒
−
𝑞𝜑𝐵
𝑘𝑇    (1) 

𝑗𝑅 = 𝐴∗𝑇2𝑒
−[

𝑞

𝑘𝑇
∗(𝜑𝐵−

𝑞𝐸

4𝜋𝜀
)]

  (2) 

The floating metal ring structure for the edge 

termination has been proposed to ensure an 

enhancement of the breakdown voltage. However, the 

deposition of material like Titanium or Nickle proves 

to be process intensive, in addition to leading a 

variation of the breakdown voltage over a range of 

devices. Thereby, the barrier voltage can be evaluated 

from the coefficients of impact ionization of holes and 

electrons as given by (3), (4) 

𝑖ℎ = 𝑎ℎ . 𝑒
−
𝐵ℎ
|𝐸|    (3) 

𝑖𝑒 = 𝑎𝑒 . 𝑒
−
𝐵𝑒
|𝐸|    (4) 

These apparent drawbacks have been overcome to a 

large extent by the inclusion of multichannel power 

devices, but with an added feature of the device being 

in the on state continuously, unless turned off. 

IV. CONCLUSION 

Put together it is apparent that many of these devices 

are limited by the breakdown voltage. More 

importantly the effects of surface roughness need to be 

further delved into for the mitigation of the 

conductivity issues arising out of the anomalies during 

the fabrication process. While it definitely seems to be 

future full of tremendous potential for the diamond 

semiconductor devices, in conjunction with the scope 

for non-planar devices does seem to hold a positive 

outlook for experimentation.  
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