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Design issues in lll-Nitride TFET Components of Atomistic Simulations

lli-Nitride as a prospective TFE]
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= Tunneling through low bandgap material = efficient tunneling H
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« Effect of strain

Conduction Band ; « Role of non-idealities: defects, dopants

Atomistic Quantum Transport needed to address design issues.
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Band Structure: TB model of GaN and InN Mechanical Structure: Strain and Band EGGES

Strain and Band Edges in the device away fromine

channel

« Strain is significant inside the InN
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* TB model: sp3d5s® model with nearest neighbor couplings ;lAhI!i line L1 | w0 12 14 L1 (wm) 16 18 q° " ’ 10L2 inm)13 20 2%
* Targets: Hybrid functional (HSEDG) DFT band structures 02 prtiaey 0"
* Valence bands _ T8 model Is in
* Low energy conduction bands agreement with HSE06
* Band gap and effective massesatl results — Hydroatahe st an
(important parameters for TFET simulation i -
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the current. I
Why SSis not good? 2) As shownin the plot, electron doesn'treach o charge ~
¥ lﬂ-ll"DFF ~ 100 . : - - . the junction in off state. AT;,: o
: . Tunneling barrier is not large enough for turn off
gate. (E-field within InN is constant irrespective of V) + Poor performance with L_,=12nm | R ST Ty e
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Conclusion
— Gate L-shaped vs planar geometry:
_ L-shaped provides better electrostatics. Scopes for improved SS
: —V,, = aVIOFR)|| % 80 Design engineering:
| e _"'g 60 Optimization of design parameters (L., to, €1C.) IS cntical
3 Gate field » 9 Effect of strain:
{ : — 20 Piezoelectric strain modifies band structure in the channel,
o o _ ! O hence possibility to control tunneling
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$S values are very promising in compared to other TFETs
- Ve=1V V=05V Vg=-1V Vg=0.5V L-shaped geometry -» improved SS.
Design parameters L., and 1, are most important parameters

E-field(InN) V/nm 0.9 0.9 Maintaining large strain inside InN is fundamental for a good
E-field(InN) 15 constant performance.
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