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These concepts have been greatly simplified



* Our understanding of atomic structure has changed
over time

Thomson (1897) — Plum Pudding

i Spherical cloud - ~
N of positive charge 7 -) N\

Electron \ 1

Bohr (1913) — Electron Orbitals

Rutherford (1909) — Distinct nucleus

- Electron Orbits

=+ Electron
S T Y S Mautrans
e s Yot - Nycleus
Pratans

Schrodinger (1926) — Electron Clouds

Nucleus - Protons and Neutrons

© Electron Orbital - Period 1 Elements
2 electrons

Electron Orbital - Period 2 Elements
' 8 electrons
""""""" ‘ 8 electrons

Electron Orbital - Period 3 Elements
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2s orbital Nucleus

2p orbitals

1s orbital

3s orbital
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e Electron configurations

1s - 2 orbitals

2s — 2 orbitals
2p — 6 orbitals
3s — 2 orbitals
3p — 6 orbitals

Most stable when all
orbitals are filled
- inert gasses

| Electron Configurations in the Perodic Table -
H He
[1] [15]
3 4 6 9 10
Li Be € F Ne
[2s— >
11 12 14 17 18
Na [ Mg Si Cl Ar
[3s—> >
19 20 21 22 23 24 27 28 32 35 36
K Ca | Se Ti \% Cr Co | Ni Ge Br | Kr
4s & S
37J 38 39 40 41 2 45 46 50 53 54
Rb Sr Y Zr | Nb | Mo Rh | Pd Sn | Xe
[Ssh— >
55 56 57 72 73 74 77 78 82 85 86
Cs Ba La Hf | Ta W Ir Pt Pb At | Rn
o | « >
87 88 89 | 104 [ 105 | 106 109 | 110 114
Fr [ Ra | Ac | Rf | Db | Sg Mt
s | e
58 59 62 63 07 70 71
Ce | Pr Sm | Eu Ho Yb | Lu
90 91 94 95 99 102 | 103
Th | Pa Pu | Am Es No | Lr
by: Sarah Faizi <€ >

Discrete electron orbitals <-> Discrete energy levels to free/capture electrons

Higher electron configuration orbitals <-> Less energy to free the electron

Full electron configuration orbitals <-> More energy to free an electron
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e A few atoms of interest

Silicon
Symbol:

Atomic number:
Atomic mass:
Electron Config:

Si
14

28.0855 au

1522522p®3523p?
Valance Electrons: 4, (4 empty spots)

[Ne] 3s23p2 | — |

8 possible
states / atom

Boron

Symbol:

Atomic number:
Atomic mass:
Electron Config:
Valance Electrons:

B

5

10.811 au

1s22s22pt  [He] 2s22p!
3, (1 empty spot)

Phosphorus
Symbol:

Atomic number:
Atomic mass:
Electron Config:
Valance Electrons:

P

15

30.974 au
1522522p63s23p3
5, (3 empty spot

[Ne] 3s23p3
)
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* Silicon unit cell = bonding model
* Si has a half full outer electron shell (4 / 8)

* Lowest energy state is the Diamond Lattice
e 4 electrons are shared between 4 nearest neighbors

Atoms showing
4 nearest neighbor
structure
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/: Si ®
Shared electrons

of a covalent
bond.

Each atom appears to have a full
valence band - very stable
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* Replace some of the Si atoms in the crystal with
another atom

Phosphorus Boron
5 e- in its outer shell 3 e- in its outer shell
Donor atom = N-type Si Acceptor atom > P-type Si
S extra electron A missing electron
(electron) . i :/ (hole)
¢ i ¢ 5@ i e
/: Si *®
.-"-._‘_.-'..
Shared electrons Shared electrons
of a covalent of a covalent
bond. bond.
excess e- is easily freed excess hole is easily freed
Acts like a conductor for Electrons Acts like a conductor for Holes
(negative charge carriers) (positive charge carriers)
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* Mobility - Electrons

« Measure of how easy(hard) it is to move a charged
particle through a solid

» Lots of physics here — but to simplify — for Si

« Conduction electrons represent an excess electron in the
shared 3sp band from donor atoms

 Free electron generation requires breaking a relatively weak bond
» Movement is limited by collisions

Sl atom

Donor atom
Electron
Electron motion
—— Shared electron

|o0O
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* Mobility - Holes

« Measure of how easy(hard) it is to move a charged

particle through a solid

» Lots of physics here — but to simplify — for Si
» Valence holes represent a missing electron in the shared 3sp

band from acceptor atoms

» Hole generation requires breaking a relatively strong “normal”

electron bond
» Electrons must ‘find’ an open bond to move

O Slatom

O Acceptor atom
o Electron

— Electron motion
— Hole motion
— Shared electron
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* Mobility
« Measure of how easy(hard) it is to move a charged

particle through a solid
« Historical bulk Si:
2
Electron mobility:  u, = 1500%
" cm?
Hole mobility: Uy = SOOW

 For modern FinFETSs:

2
Electron mobility:  u, = 240%

4 cm?
Hole mobility: Uy = 8OW
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This 3:1 ratio is critical to understand

for good electronic circuit design
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* Drift
* Motion of a charged particle due to an electric field
e Subject to collisions and random thermal motion

St 14

current density: current per cross sectional area

Hole current density: J,_qrift= qpUpE  Electron current density: [, _grire = qniunk

p — hole density n — electron density
t, — hole mobility U, — electron mobility
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 Drift Current
* For equal cross-sectional areas (A) of silicon (one n, one p)
e With the same doping density (n = p)
* In the same Electric field (E)

I, = qpupyEA [, = qnu, EA

* But remember, p, ~ 3 x iy,

Under equal circumstances:
N-type silicon conducts 3 times as much current as P-type silicon
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