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The major roadblock to the further scaling of CMOS devices is power consumption. 

Reduction of the power-supply voltage is the most effective method to lower the 

power consumption. If the power supply voltage is decreased without proper 

reduction of the threshold voltage, however, severe performance degradation and 

unreliable operation may occur. In order to decrease the threshold voltage while 

maintaining the OFF current low, reduction of the subthreshold swing is essential. To 

reduce the subthreshold swing below 60 mV/decade, inter-band tunneling can be used 

for injection of carriers and the device that utilizes such a mechanism is tunneling 

field effect transistor (TFET).   
 

To utilize the infrastructure of the currently dominant CMOS technology, silicon (Si) 

is the preferred material for TFETs [1]. Si TFETs, however, suffer from low ON 

current due to the relatively large bandgap of Si. Various methods to boost the ON 

current of Si TFETs are pursued.  In this paper, we present two approaches to 

increase the ON current: 1) field enhancement by the use of cylindrical channel 

(nanowire), and 2) tunneling area enhancement by the use of L-shape channel. Figure 

1 shows the comparison of inter-band tunneling rate between double gate structure 

and cylindrical channel structure. We can clearly see that the cylindrical channel 

structure shows significantly higher tunneling rate than the double gate structure. In 

the L-shape channel device, tunneling occurs in the direction perpendicular to the 

channel, so that the tunneling area can be expanded drastically. 
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Fig. 1 Comparison of carrier generation rate (GIB) by inter-band tunneling in the 

channel: (a) double gate structure and (b) cylindrical channel structure. 
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