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1. Introduction Effect of the Underlap Length

N . For the underlap structure, the width of hk spacer is varied
. Tunnel FET (TF.ET) W'th.'ts sub 60 mv/decade, |s_em§rgby moving the edge closer to the gate while keeping the edge
ing as an attractive candidate for low power applications

common with the lowx spacer fixed. Hence the underlap
However the TFETs have poor ON current. The performanc(gereated is equal to the hk spacer width.

of p-chann_el TFET. (pTFET) has_ been improved by reduci_ng For underlap length (same as hk spacer width) of O, the
tr11e 2tunne(;|ngl bartgler hgnght u?;]ng tIOW li_and bgap mat%rthhnge field is spread through the Ik dielectric (S)OAs the
[ " ] and aiso by reducing the tunneling barrier wi k spacer is introduced, there is a significant concentratio
using highr: gate dielectric [3]. The use of these techmquegf the fringe field near the junction. Hence thed increases
Increases bqth ON cgrrento(;l;) and OFF current Orr). . as the underlap length increases upto an underlap length of
Hetero junctions architectures have been used in our previo, (Fig. 6). As the hk spacer thickness (and hence the
work tq improve by of pTFET [4]. underlap length) is further increased, the fringe field diogp

In this paper we have explored the use of duapacer through it gets spread, thereby reducing the electric field a

with pTFET to improve by with negligible effect on o 5rce channel junction. This results in an optimuraezal
lorr. A dual+ spacer concept is proposed and evaluategf 2 nm for the underlap length.

in underlap and non underlap silicon pTFETs for the first ) ]
time using extensive device simulations. The dualpacer Effect of the Spacer Dielectric Constant
consist of an inner layer made of a highthk) material and As thek of the hk spacer is increased from 3.9 to 45 for the

an outer layer made of a low-(Ik) material (Fig. 1). underlap structure, the near end fringe field coupling clase
the gate dielectric increasesg;\ increases consistently and
2. Device Structure and Simulation Setup the average SS is found to decrease consistently (Fig. 7). As

. - ) the x of the Ik spacer is increased from 1 to 10, the far end
Fig. 1 shows the structures of silicon pTFET with dual- finge field coupling closer to the top of the gate electrode
spacer. Gaussian doping profiles with gradients of 2 nm/deecreases, thely decrease consistently and the average SS
are used. The hk spacer width is 2 nm except for thgcrease consistently (Fig. 8). The optimal performance is

spacer width study. 2-D device simulations were performegh, k=1 which represents the case of air spacer and the
using Synopsys TCAD tool SENTAURUS [5]. The nonlocalyjaximum hk value that can be fabricated.

tunneling model with the band edge tunneling masses of m _
= 0.65my and m, = 0.65m, (where m is the electron rest 4. Conclusions

mass) for silicon are used. Fig. 2 shows the excellent fit 1o fringe fields through spacer can be engineered to
of this nonlocal tunneling model with the experimental dat%prove the performance of tunnel FETs. It is shown that
from Fair and Wivell [6] for a reverse biased Si Zener diodey,q fringe fields coupling to the source - channel junction

can be improved by using a dualspacer with a highs
inner layer and a lowe outer layer, and by using a underlap
structure. by improves as the inner spaceris increased
and the outer spacer is reduced. The thicknesses and the

The use of duak spacer with non underlap structure (Fig.dielectric constants of the spacer layers can be optimiaed t
1(i)) increases the tunneling current compared to pTFET witghtain optimum performance.

oxide spacers (Fig. 1(i) with hk=Ik=3.9) as seen in Fig. 3.
This is due to increase in the gate fringe field coupling to thé cknowledgment

source-channel junction (Fig. 4). This reduces the tungeli  The authors are thankful to Synopsys, Inc. for providing
width as seen from the band diagram of Fig. 5, therebyCAD tools and Ministry of Communications and Informa-
improving the tunneling current. tion Technology, Government of India for funding support.

3. Optimization of pTFET

Effect of Dual ~ Spacer on Non Underlap Structure
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Fig. 7. Effect of thex of the hk spacer (2 nm width) on DC characteristics
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Fig. 4. Fringe field coupling through spacer for the threeesashown in

Fig. 3. Dimensions are in nanometebéps= Vg = 1V. Fig. 8. Effect of thex of the Ik spacer (10nm width) on DC characteristics

of underlap pTFET withH fO2 (x = 25) hk spacer of width 2 nm.
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