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   We propose a novel trimmed-gate (TG) structure, 
which substantially decreases the subthreshold swing 
(SS) of tunnel field-effect transistor (TFET). Our Tech-
nology computer-aided (TCAD) simulations demonstrate 
that the TG structure strongly suppresses the off leak 
component of band-to-band tunneling (BTBT) current. 
As a result, extremely steep SS less than 15 mV/decade 
can be realized in a silicon-on-insulator (SOI) TFET. We 
also demonstrate that the SS improvement thanks to the 
TG structure is enhanced by a high source doping.  
 
1. Introduction  
  TFET is one of steep slope transistors that achieve steep 
SS less than 60 mV/decade which is the physical limit of 
MOSFETs at 300K [1]. Therefore, TFET has attracted much 
attention as building blocks for low-power LSIs in next 
generation [2]. However, unlike a conventional MOSFET, 
the SS of TFET increases with a gate voltage. Thus, the “av-
erage” SS degrades as the operation voltage increases. 
Hence, various technologies have been investigated to re-
alize a better average SS. In particular, isoelectronic trap 
technology [3,4] and channel material engineering with Ge 
or III-V materials [5,6] have succeeded in improving the 
average SS by increasing ION. On the other hand, these tech-
nologies do not contribute to the reduction of the off leak 
component of the current, which is another key to improving 
the average SS. 
  In this work, we investigate steep switching in TFETs 
having a trimmed-gate (TG) structure, which realizes steep 
SS by reducing off leak component of BTBT current. In ad-
dition to our recent work on double-gated TFETs [7], we 
numerically demonstrate that SOI TFETs with TG structure 
can achieve average SS less than 15 mV/decade. We also 
show that a high source doping is preferable for steeper 
switching with the TG structure. 
2. Model and Method 
  Figure 1 indicates a schematic representation of the TFET 
w/o the TG structure (Standard-TFET) and w/ the TG struc-
ture (TG-TFET). In the TG-TFET, the gate is trimmed to 
near the source edge, because of which the channel region in 
which the gate electrostatic control is effective becomes 
extremely short. To discuss the effect of SS improvement by 
the TG structure, we performed 2D device simulations for 
the both TFETs by using drift-diffusion-based TCAD simu-
lator HyENEXSS [8-10]. The dimensions and the dopant 
concentrations of the TFETs are shown in Fig. 1. In this 
work, an abrupt doping profile is assumed. We employed 
non-local BTBT model with the BTBT generation rate given 

by GBTBT = A(ENL/E0)γexp (-B/ENL), where the ENL is the 
non-local electric field, and the constant E0 =1V/cm. As for 
the physical parameters, we chose A = 2.4×1015 cm-3 s-1, B 
= 1.9 MV/cm, and γ = 2.5, which are typical values for 
BTBT at silicon PN junctions.  
3. Results 
  Firstly, we start with the characteristics of standard-TFET 
with the source doping concentration Nsource = 2×1020 cm-3. 
Figure 2(a) shows the drain current ID as a function of 
gate-source voltage VGS at a drain voltage VD = 0.3 V. Fig-
ures 2(b) and 2(c) indicate the distributions of BTBT gener-
ation rate near the source edge in the standard-TFET for VGS 
= 0.6 V and 1.8 V, respectively. The magenta lines corre-
spond to the contours of electrostatic potentials Ψ = Ψhmax 
and Ψ = Ψhmax + EG. Here, Ψhmax is the potential energy at 
which the generation rate of the hole originating from BTBT 
is maximized, and EG is the energy gap of silicon. As shown 
in Fig. 2(b) and 2(c), the strong carrier tunneling takes place 
between the contour lines, and the length of the major tun-
neling path becomes short with the increase in VGS. In the 
Standard-TFET, the increase of ID is derived from the con-
tinuous decrease of the tunneling length.  
  Then, we discuss the switching characteristics of the 
TG-TFETs by varying the trimmed-gate length, LTG = LG - 
LOV, which gives the distance between the gate and source 
edge. Figure 3(a) shows ID versus VGS curves for the 
TG-TFETs with Nsource =  2×1020 cm-3 and LTG = -0.5-4 nm. 
The dotted line indicates the ID-VGS curve for the Stand-
ard-TFET as a reference. In comparison with the Stand-
ard-TFET, the switching slopes of the TG-TFETs are sig-
nificantly improved without the reduction in ID under a high 
VGS. The distributions of the BTBT generation rate in the 
TG-TFET with LTG = 2 nm for VGS = 0.6 V and 1.8V are 
shown in Figs. 3(b) and 3(c). It is quite remarkable that 
BTBTs completely disappear in the TG-TFET when VGS is 

Fig. 1. Schematic figure of the TFETs w/o the TG-structure 
(Standard-TFET) and w/ the TG-structure (TG-TFET). 
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small (VGS = 0.6 V). As shown in Fig. 3(b), the contour line 
for Ψ = Ψhmax + EG moves away from the channel by the 
gate trimming, and the tunneling path to the channel region 
vanishes. Since the tunnel distance from the source edge to 
the channel is greater than LTG when VGS is small (Compare 
Fig. 2(b) with Fig. 3(b)), the destinations of the tunneling 
are out of the gate electrostatic control in the TG-TFET. 
Consequently, the BTBT current sharply increases with the 
sudden appearance of the short tunneling path under the 
high VGS condition. In other words, the minor BTBT cur-
rents contributing to the off leak component of ID is truncat-
ed by the TG structure.  
  Finally, we show a summary of the benefits of the TG 
structure in terms of SS. Figure 4 indicates average SS of 
TG-TFETs with Nsource = 1×1020, 2×1020 cm-3 as functions 
of LTG. Here, we evaluated the average SS in the ID range of 
10-12 to 10-9 A/μm at VD = 0.3 V. The dotted lines indicate 
the average SS for the Standard-TFETs as a reference. We 
can clearly see a significant improvement in the switching 
characteristics of TFETs owing to the TG structure. For the 
TG-TFET with Nsource = 2×1020 cm-3, the minimum average 
SS was 12.9 mV/decade at LTG = -0.5 nm. Moreover, it can 
be seen that the SS improvement by the TG structure en-
hances with the increase in Nsource. As the Nsource increases, the 
width of the depletion layer on the source side decreases, 
and the hole populated region approaches to the gate edge. 
As a result, the length of the tunneling path truncated by the 
TG structure becomes short: the reduction of off leak com-
ponent of the BTBT currents becomes remarkable.   
4. Conclusion 
  In this paper, we proposed a novel TG structure, which 
realizes extreme steep switching in TFETs. We numerically 

demonstrated that TG structure could achieve steep SS less 
than 15 mV/decade in an SOI TFET. A high source doping 
enhances the improvement of SS by the TG structure.  
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     Fig. 4. Average SS of TG-TFETs as function of LTG. 

Fig. 2. (a) ID as a function of VGS for the Standard-TFET. (b), (c) The distribution of the BTBT generation rate near the source  
in the Standard-TFET for VGS = 0.6 and 1.8 V. The rate in the channel (source) region indicates the generation of electrons (holes). 

Fig. 3. (a) ID as a function of VGS for the TG-TFET. (b), (c) The distribution of the BTBT generation rate near the source in the  
TG-TFET with LTG = 2 nm for VGS = 0.6 and 1.8 V. The rate in the channel (source) region indicates the generation of electrons (holes). 
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