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One-dimensional effective problem
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One-dimensional effective problem

h? d?
T dp VI (y) —e| o(y) =0,

0, for y < —d
VI () = Vo+VE(y), for —d<y<d
—eUpg, for y > d.




_% o0 e—p\ e —u+elUpg eff
[ ) () o

e ¢ are scattering states ¢5/P

¥ exp [—ikgff(y +d) + exp [z'k;gff(y +d)] fory < —d

¢0°(e,y) =
t5 exp [ik (y — d)] for y > d.

o kN =\/2mfe/h  and kY = ./2m(e+eUps)/h

e current transmission Tl = BT (RS 15 )2



Scale-invariant representation of the Schrodinger equation
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Scale-invariant representation of the Schrodinger equation
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Transmission for fixed § = 1000 and 04, = 0.5
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Transmission for fixed § = 1000 and 04, = 0.5
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The scale-invariant current
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The scale-invariant current
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The scale-invariant current
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e Introduce Gate bias Vi for I-V chart I(Vg, Vps):

Vo=p—Vo=d,=f—1
o Energy-normalization p (independent of Vi; and Vpg)
Vo Vg

Vg = — = 0, = ——
g L g l—Ug

e Current normalization I) = %u
= maximum current for given Vi, Vpg at T'= 0, if T'(¢) = 1.
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Dimensionless formulation
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Typical values for dimensionless parameters

n™T-Si contacts: Ideal non-interacting 3D-Fermi gas, T = 0, valley-
degeneracy Ny = 6, effective mass m* = 0.32my, maximum doping
n = Np = 10*'em ™3

12 2/3 N 2/3
p— Ep = ( & ) (3n2)*" = 0.34eV [—D?J .

om* \ Ny 102tem—

21"
6th: ;;LEFdZ

d=10nm Np=10"em™=3 = " =135
d=30nm Np=10*em™ = g = 1200

Furthermore
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Drain characteristics, strong Barriere, 7' — 0
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contact resistance:

Y. Imry in Directions of Condensed Matter Physics
Vol. 1, Ed. G. Grinstein and G. Mazenko,
- World Scientific, Singapore, 102 (1986)

quantization of conductance

in point contacts
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Comparison between stronger- and weaker
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The threshold resistance
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Subtheshold charakteristic

Cexponentieller subthreshold current

classical model (drift—diffusion)

electron density weak inversion

quantum model:

source—drain tunneling
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© Drain current dependence

classical model (drift—diffusion)

—’short channel effects’
—"Punsh through’ between

source— and drain depletion zone

quantum model:

drain bias dependence of tunneling
quantum short channel efect
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By increasing Bth
quantum short—channel effects

can be reduced



Discussion
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Figure 13: 1d-Vd curves of 10nm transistor. V, to
0.75V, steps of 0.1V

B. Doyle et. al., Intel Technology Journal 6, 42 (2002)
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Conclusion

[ Effectively one-dimensional problem
e SMAT = single mode, abrupt transition
[T Scale-invariant description of transport
e Dimensionless barrier strength parameter
gih — om* ud? | 2

[1I I-V curves in dependence of 3

e In agreement with INTEL-transistor: linear threshold charak-
teristik R™"

e 'Quantum short-channel effects’ reduced with increasing

ﬁth



