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Tunnel FETs (TFETs) are candidates for low-power logic elds with sub-thermal slope which could enable a
strongly reduced supply voltage. To improve the ON-curehpared to Si TFETS, 111-V/Si hetero junctions have
been proposed [1]. Using nanowires has additional advastdg the possibility of many different material combina-
tions [2], (ii) efficient strain relaxation in the case of dhmameters [2], (iii) a good electrostatic control due et
surrounding gate. Tomioka et al. [3,4,5] and Bjork et al} Heve advanced the integration of InAs nanowires on Si
with nanometer-scale hetero epitaxy. The present sinomatudy refers to their experimental data.

The combined application of a quantum transport solver ai€€AD tool can help to understand the behavior of
INAs/Si hetero nanowire Esaki diodes and TFETs and can giigeines to improve their performance by optimiza-
tion of geometry, doping, gating, and biasing. We used tlatium transport simulator OMEN [7] which is massively
parallel, multi-dimensional, atomistic, and based on’al3g tight-binding representation of the band structure. Quan-
tum transport simulation can be done either in the Non-éguiln Greens Function (NEGF) formalism (scattering)
or in the Wave Function formalism (ballistic). OMEN has besplied to direct and phonon-assisted band-to-band
tunneling (BTBT) in InAs, Si, and Ge nanowire homo TFETSs [Bfe commercial device simulator Sentaurus-Device
[9] is equipped with various local and non-local BTBT modédkeither a theory nor an analytical model for BTBT
in a hetero junction between a direct and an indirect sendigotor exists. A practical workaround has to be used
with S-Device, since a tunnel path across the hetero irterfaust either belong to a direct (zero-phonon) or to a
phonon-assisted tunnel process. Therefore, (i) thanamic nonlocal path BTBT moddkhort cut: “Kane modéel
[10]), calibrated for InAs, is also used on the silicon sifitted to experimental data of [11], and (ii) the calibrated
model for Si [12] (short cutSchenk mod8lis also used on the InAs side after proper modificationg.[13

The BTBT current of short, unconfined Esaki homo dioddd.{), 20 nm length, abrupt doping) was simulated with
OMEN for different materials and doping levels. For the dirmaterials (InAs, GaSb) and for Ge, where coherent
BTBT is dominant [8], the simulation of bulk diodes is stdatifiprward. Bulk simulations are needed because there is
also no geometrical confinement in the fabricated nanowlHETIS (diameters in the range 25 nm — 100 nm). Fig. 1
shows that InAs has the highest BTBT current density, fofldwsy GaSb and Ge. The upper limit for INAsNS5 x
10*kA/cm?. In the case of Si, due to the demanding electron-phonoriicgypat least one-dimensional confinement is
necessary (the direction of confinementis0), periodic continuation was applied {i12) direction). The bulk limit

of Si remains below 100 kA/ch a factor 500 smaller than that of InAs. Fig. 2 presents timegarison between OMEN
and S-Device simulations of InAs Esaki diodes using thébcatied TCAD models. Based on the good agreement, the
doping levels at the InAs side of InAs/Si hanowire heterddedides produced at IBM Research-Zurich [13,14] were
determined by reverse modeling (Fig. 3). Measured [5] amdikited InAs/Si nanowire TFETpN gs characteristics
are compared in Fig. 5. The striking features of the measiVedurves are: an almost constant slope over 2-3
orders of magnitude, very weak ambipolarity, and a stromgration of the ON-current for each source-drain voltage.
In contrast, simulation yields much higher ON-currentstrargy ambipolarity, curved slopes typical for BTBT, a
minimum point slope of 45mV/dec, and no ON-current satorati The most likely explanation of the measured
currents is that they are dominated by defect-assistecdtiumyn(DAT), either during interface or bulk SRH generation
(Fig. 7). Although multi-phonon coupling parameters of iimeolved defects in InAs are not known, the shape of the
IpV s curves can be qualitatively reproduced with a physics-#&#& model [15] in S-Device (Fig. 8). We attribute
the absence of BTBT in the measurement to compressive bgisain in the highly lattice mismatched system (Fig. 9).
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Fig. 1: Short Esaki (bulk) diodesFig. 2: Comparison between OMEN anéig. 3: Comparison between measured
with symmetrical doping simulated withS-Device simulations of short InAs Esakand TCAD-simulated InAs/Si nanowire
OMEN. The single data point for Si wagbulk) diodes with symmetrical doping avietero Esaki diodes. The ON-current is
obtained for a 5nm slab and took 5h omdicated. Good agreement is found in tHemited to ~ 1 x 10*kA/cm?, in good
Jaguar Cray XK6 using- 20’000 CPUs. high-doping (high-field) range. agreement with the homo diodes of Fig. 1.
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Flg 4. TEM image of Gate Voltage (V)

the InAs/Si nanowire Fig. 6: BTBT rate distribution at ¥s =1V (left) and
TFET from Tomioka et Vas =-1V (right). The strong ambipolar current is caused
al. [5] (upper left), sim- F19- 5 Measured [S] and simulateghy off-junction tunneling under the gate edge which is
ulation close-up (lowerMAS/Si nanowire TFET #Ves charac- aligned with the high-low doping transition. It can be sup-
left), entire simulation teristics. Doping according to [5]. Workpressed by a corresponding gate “underlap”. The simu-

domain  with carrier function =4.65eV, EOT = 4.5nm. lated ON-current at ¥s =1V originates from in-junction
concentrations (right). BTBT with delta-like hole generation at the interface.
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Fig. 7: Band edge profile (solid) and eledrig. 8: Simulation with bulk DAT in re- Fig. 9: MeasureddVgs characteristics
tron quasi Fermi level (dashed) in thetricted region (BTBT turned off). DAT [5] and simulated BTBT current assuming

vicinity of the hetero junction. Schematigparameters: zero-field lifetimes,, = homogeneous 8% compressive in-plane
of defect-assisted tunneling during SRH, = 3 x 10~ ®s, lattice relaxation en-strain. Gap extracted from Van de Walle
generation. ergy Shwo = 10.5meV, tunnel massesmodel [16], effective masses from OMEN

my = 0.023 mg, mr = 0.2 mg. [7].



