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The Scaling challenge |— I the trend continues, Valley splitting (VS) — The energy seperation between
Nominal feature size sETomen dtevr;:ie will I|'<=,:;1)ch203o the lowest two confined states
Technology node e »Large VS - prevent loss of spin information - good

o Tum / . .
N &

" - l for spin qubit
2 Gate length 910 i /
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Nanotechnology 9Quantum Computlng Confin_ement
1 Potential
Planar MOSFET limit == = = COUId be next!
10 nm [001] ——
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- ~ Six-fold
=Recent breakthrough: Eetens] _d::gene‘:"m:y
Experimental realization of Si e (010 [100] R
MOS QD with low Si/SiO, )
P g1y \B2 interface disorder = operates g:{‘;‘":iea’;‘e"‘ ‘scallli:t)i/n
Si MOS Quantum Dot in the single electron regime plitting

Confinement created by electric
field from gate bias A o

=Advantage: State-of-the-art Si PrOjeCt Goal: L )

MOS fabrication technology and a)Explore VS behavior in Si MOS QD:
Industrial compatibility o = = What is the range of VS?

=Challenge: Si/SiO, interface A promising candidate = What factors determines VS and how?

gi::u'g:;ic’;‘pedes Sl @Eeien for “Spin Qubit’? b)Guide experimental design of VS for Si MOS QD
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NEMO3D-peta - . Huge problem Size:
Key assumptllon.s. _T______T _____ T = =8 million atoms
piee l-OnIy the QD region included Si0n 10nm =spdSs” tight-binding model
in calculating VS ;i b L ==
=Equilibrium throughout the ! ! 30nm > Matrix size of 80 million
entire device, E set by source H U
and drain iintypelsibs CE— b
=Low temperature ~ 100mK Electronic domain ’Alm°5t perfect scaling!
=QD size varies: Poisson domain
»30 x 60 x W nm? - M Data
>We= (30, 40, 50, 60) nm [ Stope =-1.069) —Fitted
3 10" ™~ —Ideal
Schrodinger Solver Self-Consistent Simulation % B —__|Reasonable cost:
LT By 1 =Convergence check: Compare U(r) after = N E - |2.2 hours @ 256 cpu
-~ Self-Consistent — each iteration F 40° deal Slope = 1.0
'otentia I . .
Profile U(r) Loop Profie ) ) | *Single electron in the QD: 10' 10° 10°
= ~ »>E must cross exactly the ground state NO. CPU
CIEEEI Sy =V/S value changes little when simulation is . . .
V(eVU) = qzn close to convergence NEMO3D‘peta IS Capable Of S|mu|at|ng
atomistic structure of realistic size !

VS vs. E-field VS vs. Barrier Height Vs (1513(‘]/)
500 T T T T T 500 — T T T T 0.88
© 30130 \4 @ 30130 nn? L 400
‘30!40 nm* ¢ 330!40 nm? 0.86
S 400 [ ©30! 50mm? A B S 400 - @ 30! 50 nm? g 300
3 I 30! 60 nm 6] Z 0.84 30%40 (nm?)
= = 2 2 200
£ 300 1 £ 300 g > 0.82 - N
2 2 0.80 ~ ("\ 100
> > N
2200 1 Zoa00f g S~
= = 0.78 0
- » > 1.0 11 12 13
00r- @ b 100 i Ve (V)
1 1 1 1 1 0
0 2 4 6 8 10 12 020 30 40 % VS range:
Electric Field (MV/m) Barrier height from Ey; (meV) = This work: 95~470peV; Experimental measurement: ~100peV
Regardless of QD size: =Higher barrier > Larger VS Electron Conservation: Vgand V,must “balance”
=Larger electric field > Larger VS xSame barrien height; = Larger V;, pushes QD deeper - More electrons
Smaller gate -> Stronger confinement > Larger VS pE . .
= Smaller Vy raises barrier height - Less electron
Conclusion
=Simulated VS results matches well with experiment
=Small QD is preferred since it has larger VS
=A high potential barrier is preferred for large VS but hampers electron tunneling
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