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v" The whole earth has about 10°° atoms! If you made the whole world out of glass, there would be not one
electron conductive at room temperature!
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Materials, composition, crystals
Tabulated for “known” bulk materials
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Donor Atoms in H2-analogy
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Donor Atoms in Real and Energy Space
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Single Impurity / Donor in a modern FINFET
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Gate-induced guantum-confinement
transition of a single dopant atom in a
silicon FINnFET

G. P. LANSBERGEN'*, R. RAHMAN?, C. J. WELLARD?3, I. WOQ?, J. CARO', N. COLLAERT*,
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Published online: 15 June 2008; doi:10.1038/nphys994
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Single Impurity / Donor in a modern FINFET

., =0.53 Ax ]6252

=129 A

a~0.5nm=5A => hundreds of Si atoms
give an excellent account of the essential physics of the gated donor
system. The calculations include 1.4 million atoms corresponding
to device volumes 30.4 x 30.4 x 30.4 nm.
Figure 3 shows the first six eigenenergies versus electric field
for d = 15 and 4.3 nm. The plotted energies are all relative to the
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Measurement of Donor Wavefunctions

a. STM Measurement

Spatial metrology of dopants in silicon
with exact lattice site precision

M. Usman &, J. Bocquel, J. Salfi, B. Voisin, A. Tankasala, R. Rahman, M. Y. Simmons, S.
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Usman, M., Bocquel, J., Salfi, J. et al. Spatial metrology of dopants in silicon with exact lattice
site precision. Nature Nanotech 11, 763—768 (2016). https://doi.org/10.1038/nnano.2016.83
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Measurement of Donor Wavefunctions

a. STM Measurement of Dopant Wave Function C. Atomically Precise
K Metrology E—
5 D T ™1
-
s Hydrogen H
l‘?’ Passivation () ®
. i Dimer Rows
height

Vacuum

Exact Dopant

(0,0,0) Location
do ant.' Direct Image

P h Comparison

dept b. Quantum Treatment
ol of Tunnelling Current
al
-
- 4 .
| =
o
9
iz Image
- Silicon Computation
S| ~3 Million Atoms
Q _
0 /
)
o (2

min max V

gy -
Vo — O



p]
-
I
)
(@)
-
-
Y
)
>
=
-
O
-
@)
)]
Y
o
o
-
)
&
)
-
-
(p)
qv]
)
=

1

=E

Er

> hundreds of Si atom

—GA =

a~0.5nm

Usman, M., Bocquel, J., Salfi, J. et al. Spatial metrology of dopants in silicon with exact lattice
site precision. Nature Nanotech 11, 763—768 (2016). https://doi.org/10.1038/nnan0.2016.83

) B0
. (_..IOn..v!- -

. S

I.Oﬂ_)i e

L
LI
u g

o o
e
e s i

L LKL LTI Rl A
e S r
e et P8 Wt s @

-
Ll

- Silicon
~3 Million Atoms '

//

AaNIMP- 1inAalie 1 nipedaoar



Characteristics of Donor Atoms

The number of donor atoms is much smaller
compared to host atoms. Therefore, the
electrons from one donor atom can go to the
other donor atoms only via the conduction
/valence bands of the host crystal.

Just like a Hydrogen atom, it is possible to have
multiple localized level for a given atom (see the
blue levels).

Good donors live close to the conduction band,
so that they can offer electrons easily. However,
If they are below the midgap, the donor levels
are marked with (D) to differentiate them from
acceptor atoms (which live close to the valence
band).
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Characteristics of Acceptor Atoms
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Amphoteric Dopants
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Table of Donors and Acceptors
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Conclusion

Intrinsic carrier concentration is so small that semiconductor
must be doped to make it useful.

A doping atom behaves like a H-atom, except that the
dielectric constant and effective masses are given by by those
of the host atom.
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