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Wwhy IllI-V NW GAA Heterojunction
TFETs (HTFETS)?
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Experimental IlI-V NW HTFETS
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Computational challenge to assess per-
formances of sub 10 nm lII-V NW HTFETs
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expansive full band (e.g. Tight binding) quantum transport
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100 x planar DG (2D)

SWITCH 5



Mode Space approach for full band
atomistic simulation

A. Afzalian et al. IEDM 2016
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UBTBT:. Most expansive full band (e.g. Tight binding) quantum transport
(e.g. NEGF) models
U Full 3D simulation (3D geometry)

C We have developed an efficient, accurate and innovative
full-band mode space (MS) NEGF technique

SWITCH °



Accuracy of Atomi st
(MS) techni
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Unphysical branches Problem with MS
Tight-binding (TB)

Optimized MS basis okJ
(A. Afzalian et al. IWCE 2015)
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Reduction ratio (r) vs d

Initial InAs MS bases
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MS performances vs. d

(A. Afzalian et al. SSDM 2017, invited, A. Afzalian et al. arXiv:1705.00909 [cond-mat.mes-hall] (2017))
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Val i dati on t eVIifnaAsswWi @& EedT

(A. Afzalian et al. SSDM 2017, invited, A. Afzalian et al. arXiv:1705.00909 [cond-mat.mes-hall] (2017))
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Scaling perspective for Ill-V
broken gap nanowire TFETS
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Tight Binding basis = sp;s* with SO (SO: spin orbit coupling, 10 orbitals /atom) 14



Optimized LP GAA NW InAs/GaShb
TFETs vs. SI nMOSFET

1pA

—— nTFET V= 0.3V x MOSFET: Vpp=0.45V
— - pTFET V__=0.3V

X For each L,
optimization on d,
channel orientation,
doping profiles,
pockets, drain
underlap.

[T
[T
__-D
®
—
<
L
-
c
@
| =
T
=
IIJ
c
O

15 20
Gate length (nm)

TFET performance degrades quickly for L <20 nm



Strong TFET performance degradation
with L: Short channel effects:
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Source to drain tunneling (SDT)
Optimized [100] nTFETSs
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SDT vs. channel orientation: nTFET
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SDT vs. channel orientation: pTFET
L =20nm
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Drain engineering: trade-off

*A. Afzalian et al. VLSI-TSA 2016 (invited), A. Afzalian et al. arXiv:1705.00909 [cond-mat.mes-hall] (2017)
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Drain engineering: on-current saturation*

*A. Afzalian et al. VLSI-TSA 2016 (invited), A. Afzalian et al. arXiv:1705.00909 [cond-mat.mes-hall] (2017)
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Optimal doping vs. L@V = 0.3V
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Strong TFET perfor mar
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Optimally balanced InAs/GaSb TFET
transport properties @d ~5.5 nm

PTFET | ~ 20 nm L=12am
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C Optimal performances at d ~ 5.5 nm both for L = 20 and 12 nm
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