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Dual-Channel Trench-Gate (DCTG) Tunnel FET
for Improved ON-current and subthreshold
Swing

Tripuresh Joshi, Y Singh and Balraj Singh

In this paper, a dual-channel trench-gate tunnel FET (DA F&T) is
proposed and investigated. The gate of DCTG-TFET is plaeetically
in atrench to create two channels which carry drain curreparallel. The
proposed device dimensions are optimized to reduce chaesistance
and tunnelling width for appreciable increase in ON-stateent (o ).
The performance of DCTG-TFET is analysed using two-dirmaredi
simulations in the device simulator (ATLAS). The propose@Ti5-
TFET provides one order of magnitude improvementlisn/Ior ¢
current ratio and seventeen times reduction in subthrdsivahg (5.5) as
compared to recently reported two-source-region (TRS)TT§tEucture.

Introduction: The indefinite scaling of supply voltages in the conventiona

metal-oxide-semiconductor field-effect transistors (MRBS) causes
performance degradation which restricts the further sgatif threshold
voltage (%), and subthreshold swingsF) [1]. This limitation has been
successfully overcome by the tunnel field-effect transi§T&ET) whose
working is based on band-to-band tunnelling (BTBT) phenoome The
TFETs have been widely studied and accepted as a promisaugssor
of the conventional MOSFET structures due to their boursdlaed
impeccable characteristics in terms ©f and SS. In TFETs, a gate
electrode over the intrinsic layer controls the tunnellimgchanism
which exhibits abrupt switching characteristics and lowF&ate current

(Iorr) [2]-[4]. A TFET can deliver theSS values smaller than that of
a conventional MOSFET~ 60 mV/decade at room temperature) [1].

In the recent past, several research efforts have been roadeptove
the performance of TFETs [5]-[13]. Despite the excellentiteiing
performance and reducedprr, the TFETs suffer from low ON-

state current Ip ;) which restricts the use of TFETs for commercial

applications. In order to address this issue, several neatiifins in the
conventional TFET structure have been reported includirch&nnel
TFET[14], U-channel TFET[15], TSR-TFET[16] and hetergjtion
TFETs [17]. These TFET structures are very promising for fmwer
applications.

In order to further improve the current characteristicsthis work, a
new TFET structure called dual-channel trench-gate TFEITG-TFET)
is proposed. The gate of the proposed device is placed imettte create
dual channels on either side of the gate. The optimised difoes of
the proposed TFET offer significant increaseliny while keeping low
Iorr. This is due to simultaneous conduction of two parallel cieds
low channel resistance and reduction in tunnelling widtlimiprove the
BTBT probability. In addition to large improvement i) x/Io Fr ratio,
the proposed structure exhibits substantially lower vadfieSS when
compared with recently reported work in the literature f[1§]. The
proposed device is investigated and analysed using twestiional (2D)
numerical simulations in the device simulator (ATLAS) [18]

Device Structure and Simulation Setuphe schematic 2D cross-sectional

view of the proposed DCTG-TFET on silicon-on-insulator (5® shown
in Fig. 1. The DCTG-TFET consists of a vertical gate placed inench.
The p*-Si regions (doping concentration ofx10?° c¢cm—3) form the
source of the device on either side of the gate. The chanribeafevice is
n-Si region having a doping concentration of 10'7 cm—3. The channel
region is extended vertically along the gate-trench whbsekness 1.)
is optimised to 5 nm. The DCTG-TFET has two vertical drainteots
taken fromn*-Si region (doping concentration of10 cm~3) which
are isolated from the source contacts by the oxide filledénttbnches. A
stacked gate oxide with a total thickness of 3 nm (1 nm.S#@d 2 nm
HfO2) is employed to improve thg€:S [19, 20]. In this study, for a fix gate
height (90 nm), the source region height)and hence channel heighit.)
are varied to see their impact on the device performance falirecation
steps of the proposed DCTG-TFET structure are similar asrteg in
[14, 16].

The performance of the proposed DCTG-TFET structure isuewad
using 2D numerical simulations in the ATLAS [18]. The sintidas
have been performed by invoking appropriate models for tR&ETT
such as Fermi-Dirac statistics, band gap narrowing, SkegeRead-Hall
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Fig. 1. Schematic cross-sectional view (not to the scalth@DCTG-TFET
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Fig. 2. Calibration of the simulation setup with pre-falbted TFET [21]

recombination model, electric field and concentration depat mobility

Lombardi model, nonlocal BTBT model [15, 18]. In order toibedte

the simulation setup, we have simulated a pre-publishedcttbd TFET

structure [21]. Fig. 2 gives a comparison of the simulateshgfer

characteristics with experimental data. As seen, thergy@od agreement
between simulated and measured results. Now, using aboa&omed

simulation models and parameters, the performance of thEGTFET

is analysed.
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Fig. 3 Current flow lines in the proposed DCTG-TFET foy =80 nm atVp g
=1VandVgs =16V

Results & Discussionfig. 3 shows the current flow lines in the DCTG-
TFET under ON-state condition. It can be seen that the equalat of
current flows in the device through both the channels frormdcsource
contacts. The parallel conduction of dual channels imgdihe /oy of
the DCTG-TFET [22, 23]. Further, it may be observed from figisre that
the maximum tunnelling occurs at the corner of channele®junction.
This can be better understood from the electric field distiin at the
channel-source junction as shown in Fig. 4(a). It is evidbat the peak
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Fig. 5. Variation in transfer characteristics with of DCTG-TFET

Further, for a fixed value ofp g, the impact ofVgs on Ipgs (Fig. 5)
e . . . is explained by the energy band diagrams as shown in Fig. Figln7(a),
electric field is occurring at the corner of channel-soutsgfion leading  he energy band diagram is plotted at cutliEte which illustrates that the

to increase in tunnelling rate according to following equ{24]: tunnelling width reduces with increaselig s, leading to highei o . On
B the other hand, Fig. 7(b) shows the energy band diagram kbedt?.
Gprpr = A’ (*;) (1) Itis evident that al/zs = 0 V, there is no overlap between valence band

energy €y ) and conduction band energi ¢ g). Whereas, atgs = 1.6

The BTBT rate Gprpr) is reliant on the magnitude of the localV, there is significant overlap betweén 5 and Ec g and hence a part of
electric field €). WhereA is a constant related to the effective mass of am,  flows laterally at channel-source corner under the ON-statelition
electron,B is tunnelling probability constant, anglis transition constant (as seen in Fig. 3).

[24]. Fig 4(b) presents the electron BTBT rate in the DCTGETFAs Fig. 8 demonstrates the variation &f /o rr ratio and,, as a
seen, the higher BTBT rate occurs at the corner of channgtsgunction.  function of hs. It is observed from the figure that,, decreases with
Fig. 5 gives the transfer characteristics of the DCTG-TF&Tdifferent  increase irhs, as a result théo n/Io - ratio improves upté.s = 70 nm.
values ofhs. It is observed that thdon improves significantly with  However, thelp n/Io - ratio degrades aftér; = 70 nm due to increase
increase inhs. There are two-fold reasons for increaseligy of the in Iorr. Therefore, the optimum value af; is 70 nm for the proposed

DCTG-TFET. Firstly, for a constant gate height, depends orhs and DCTG-TFET.
hence channel resistance dependshgn As h, is increased, the.
decreases which reduces the channel resistance leadingptovement 3.0x10"2 T . . . . . — 12

in Ion. Secondly, the tunnelling probability increases with @ase in & g
hs which improves thelo . This can be understood from the Wentzel- :5 2.5x1072 L1 =
Kramer-Brillouin (¥ K B) approximation used to analyse the tunnelling S :
probability (I i g) which can be written as [4]: E 2.0x102 1o E
AM2m* /B3 e 2
T ~ -~ V9 2 5 1] =
WK B~ exp ( 3ah(Ey T 59) (2 é 15x10 Lo 3
c
w =}
where represents tunnelling widthr* is effective mass of an electron, 2 1.0x102 4 s o
E, is bandgap energy, anfl¢ is the energy range over which tunnelling P —— lonloer g
can take place. 5.0x10"" 1 —ah, L, 2
Fig. 6 demonstrates the impact af on energy band diagram. It . . . . . . .
can be seen that the average tunnelling width varies jthwhile A¢ 20 30 40 S0 60 70 80
remains constant. To be more precise, the average turgelidih (\,, = Source Region Height, h ¢ (nm)
o7 A, A2y ,An)/n) is calculated for different values &f; which is ] )
listed in Table 1. It is clear that ds, increases, the.,, reduces which Fig. 8 Impact ofhs onIon/IoFr ratio and ey at Vps = 1V and Vg5 =
enhances th&y x 5 leading to higheto . 1.6 Vin DCTG-TFET
Table 1: Variation of average tunnelling width with source regiorighe In addition to the improvement itio i, the proposed DCTG-TFET
atVps=1VandVgs =1.6V structure provides significant low value 8% with reasonablé/;. Fig. 9
[he(nm) [ 20 [ 30 |40 [50 |60 |70 |80 | shows the effect of; onV; andSS. Itis seen that botl; andS'S reduce
[Xav(nm) [ 11727 1169 | 1152 | 11.23 | 1084 | 9.91 | 7.55 | with increase ik due to rapid increase in drain current.
2
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