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Abstract: In this paper, we present scaling theory for conical Surrounding-Gate MOSFET which was derived from the
cylindrical form of Poisson's equation assuming parabolic potential profile in the radial direction. For performance
estimation, device simulation is done and the data were compared with some existing model of cylindrical as well as
Double Gate MOSFET. Subthreshold swing and DIBL effects were simulated for this developed model and was
compared with cylindrical and DG structure and found that conical structure gives better immunity to the short channel
effect.
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I. INTRODUCTION
The primary challenge of VLSI design is the integration of an ever increasing number of devices with high yield and
reliability. The short channel effect and poor subthreshold characteristic begin to plague as semiconductor devices are scaled
to deep sub-micron region. Several novel device geometries has been introduced which has the benefits of both reducing the
SCE and improving subthreshold slope as well as potentially higher packing density. Cylindrical structure gives 30%
reduction in the natural length over the double gate devices at given tsi and tox [1]-[8]. This improvement is due to the stronger
influence of the gate over the channel potential in the cylindrical structure. In this paper we have modelled a conical
MOSFET and developed the scaling theory for the same. The paper is organized as follows: Section I gives the introduction,
Section II presents the proposed conical structure and derivation of the natural length. Section III presents the results showing
suthreshold swing and DBIL (Drain Induced Barrier Lowering) effect for double gate, cylindrical, and conical structure.
II. DERIVATION OF NATURAL LENGTH FOR CONICAL MOSFET

Fig 1. Proposed Conical MOSFET

Poisson's equation for potential, ¢(r,z)in cylindrical coordinates is [1],
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where Na is the channel doping (assumed to be uniform). The Poisson's equation can be solved for ¢(r, z) such that
2𝜀 𝑠𝑖 𝑟 2 (∅𝑐 𝑧 −∅𝑔𝑠 )
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The above equation is valid for cylindrical structure and gives the potential distribution in a cylindrical MOSFET. At the
centre of the pillar, it can be shown that [1],[5]
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where, 𝜆3 is the natural length for cylindrical MOSFET and is given by,
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In our model we divide the conical MOSFET structure into n number of cylindrical slices such that the uppermost cylinder
has tsi = tsi max, and lowermost cylinder has tsi = tsi min. Also Leff for each cylinder is Leff/n. Here we approximated the natural
length 𝜆4 for conical MOSFET by averaging the natural lengths of the uppermost and lowermost cylinders as derived for
cylindrical structure.

Fig. 2 Conical MOSFET divided into n number of cylindrical slices
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= 𝑡𝑠𝑖 , 𝑡𝑠𝑖 is the silicon thickness for the cylindrical structure.
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Similar to cylindrical and double gate structure we have scaling parameter for conical MOSFET as, 𝛼4 =

𝐿𝑒𝑓𝑓

(8)

2𝜆 4

Also 𝜆4 has the same physical significance as 𝜆1 , 𝜆2 and 𝜆3 , the natural length for conventional planner, DG and cylindrical
MOSFET respectively.
The scaling parameter 𝛼 can be related with the subthreshold swing by the eqnation [1],
𝑠=
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The Drain Induced Barrier Lowering (DIBL) effect can be approximated with 𝛼 as follows [2],
𝐷𝐵𝐼𝐿 ≈ (1 + 𝑟𝑒𝑓𝑓 )
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where 𝐿𝑝𝑜 < 𝐿𝑔 is the pinched-off channel length [2]-[3], and
𝑟𝑒𝑓𝑓 = −
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The subthreshold swing can related with reff can be related as
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Thus from equations 9, 10, 11 and 12 we can write
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III. RESULTS AND DISCUSSION
The subthreshold swing for double gate, cylindrical, and conical structure are shown in Fig. 3. The Conical device has lowest
subthreshold swing that results in least leakage current followed by cylindrical and planar structures.

Fig. 3 Subthreshold swing for planer, cylindrical and conical MOSFET
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The DIBL with respect to effective channel length for planer, cylindrical and conical MOSFETs are shown in Fig. 4. It has been
observed that DIBL effect is lowest in a conical structure, followed by cylindrical and planar. From this figure it appears that
conical device will have lesser leakage current and also lesser will be the effect of drain voltage on the threshold voltage.

Fig. 4 DIBL effect for planer, cylindrical and conical MOSFET
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