Electric and Magnetic Fields in Matter

Static Fields
Time-Dependent Fields
Stationary Media
Moving Media

Basic Idea
The applied fields induce internal alignment
This alignment produces an additional field

Formalism

Introduce fields that do not include the fields due to alignment
free charges free currents
bound charges bound currents

Introduce polarization due to the bound charges and currents



Table 30-2

Turee ErecTrRIC VECTORS

Associated Boundary
N 1 . "
ame Symbo with Condition
Electric field strength E All charges Tangential component
continuous
Electric displacement D Free charges only | Normal component
continuous
Polarization P Polarization Vanishes in a
(electric dipole moment charges only vacuum
per unit volume)
Defining equation for E F = ¢E Eq. 27-2
General relation among the three vectors D=¢¢E+ P Eq. 30-21
Gauss’s law when dielectric media are present fﬁ D-dS =¢ Eq. 30-24
(¢ = free charge only)
Empirical relations for certain dielectric D = keE Eq. 30-22
materials * P=(k—1)e&E Eq. 30-23

* Generally true, with « independent of E, except for certain materials called
ferroelectrics; see footnote on page 758.



Table 37-1

THREE MAGNETIC VECTORS

Name Symbol Associated with Boundary Condition
Magnetic induction B All currents Normal component
continuous
Magnetic field strength H True currents only | Tangential component
continuous t
Magnetization M Magnetization Vanishes in a vacuum

(magnetic dipole moment
per unit volume)

currents only

Defining equations for B F=¢vxB Eq. 33-3a
or =11xB Eq. 33-6a
General relation among the three vectors B = uH + ueM Eq. 37-26
Ampére’s law when magnetic materials are f H-dl =1 Eq. 37-27
present, .
(1 = true current only)
Empirical relations for certain magnetic B = kmuoH Eq. 3729
materials * M = (kn, — 1)H Eq. 37-30

* For paramagnetic and diamagnetic materials only, if « is to be independent of H.
T Assuming no true currents exist at the boundary.
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(a)

Fig. 30-13 (o) Showing D, «E, and P in the dielectric (upper right) and in the gap
(upper left) for a parallel-plate capacitor. (b) Showing samples of the lines associated with
D (free charge), ¢E (all charges), and P (polarization charge).



Fig. 37-22 (a) The lines of H and (b) the lines of B for a permanent magnet.
Note that the lines of H change direction at the boundary. The closed dashed
curves are paths of integration around which Ampére’s law may be applied. The
relation B = poH + poM is shown to be satisfied for (¢) a particular outside point P
and (d) a particular inside point q.



BASIC EQUATIONS OF ELECTRODYNAMICS

Maxwell’s Equations

In general :

Auxiliary Fields

Definitions :
D=¢E+P

1
H=—B-M
1o

JE
VxB= M0J+M060—t

In matter -

V-D=py

VXE:—E
at

V-B=0

oD
VxH= —
X Jf+8t

Linear media -

P=¢x.E, D=¢cE

1
M=yx,H H=-B
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First principles [edit]

The gate oxide in a MOSFET can be modeled as a parallel plate capacitor. Ignoring quantum mechanical and
depletion effects from the Si substrate and gate, the capacitance C of this parallel plate capacitor is given by

O = KeopA
t
Where
« Ais the capacitor area Gate Gate
« Kis the relative dielectric constant of the
material (3.9 for silicon dioxide) 1.2nm Si0, 3.0 nm high- dielectrick

< € is the permittivity of free space

« tis the thickness of the capacitor oxide insulator Silicon Substrate Silicon Substrate

Since leakage limitation constrains further reduction

of t, an alternative method to increase gate Existing 90nm Process A potential high- processk
. . . - . . Capacitance = 1x Capacitance = 1.6x

capacitance is alter k by replacing silicon dioxide Leakage Current = 1x Leakage Current = 0.01x

with & h'gh-K_ material. In suc.h & scenario, & thicker Conventional silicon dioxide gate dielectric structure compared

gate layer might be used which can reduce the to a potential high-k dielectric structure

leakage current flowing through the structure as

well as improving the gate dielectric reliability.

Gate
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(a)

Fig. 30~13 (a) Showing D, «E, and P in the dielectric (upper right) and in the gap
(upper left) for a parallel-plate capacitor. (b) Showing samples of the lines associated with
D (free charge), «E (all charges), and P (polarization charge).
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http://www.falstad.com/vector3de/

This applet is an electrostatics demonstration which displays the electric field in a number of
situations. You can select from a number of fields and see how particles move in the field if it is
treated as either a velocity field (where the particles move along the field lines) or an actual force
field (where the particles move as if they were charged particles). This helps you visualize the fielc
When you start the applet, you will see 500 particles moving in a point charge field. By default the
particles are treating the field as a velocity field, which means that the field vectors determine how
fast the particles are moving and in what direction. In this case, the particles just move toward the
center. The velocity of all the particles at a certain point on the grid is always the same. If the field
a force field, then the field vectors determine the acceleration of the particles, but their velocity me
vary depending on where they started.

The Field Selection popup will allow you to select a vector field.
The choices that we looked at in class are:

conducting sphere + pt: A conducting sphere near a point charge. The size of the sphere, the
separation between it and the point charge, and the potential of the sphere are all adjustable. By
default the sphere is grounded.

charged sphere + pt: A charged sphere near a point charge. This is provided to show the
difference between a charged sphere and a conducting sphere. (The main difference is that the
electric field lines are always perpendicular to the surface of the conducting sphere, whereas this is
not true with a charged sphere. This is easier to see with a Y Slice.) By default the sphere has no
charge, but this can be adjusted to a positive or negative value.

cyl + line charge: A conducting cylinder near a line charge.

conducting sphere in field: A grounded conducting sphere in a uniform external field.

dielec sphere in field E: This is the electric field of a dielectric sphere in a uniform external field.
The size of the sphere and the dielectric strength are adjustable. A dielectric is an insulating materi
whose atoms are polarized in response to an external field; this causes the field to be weaker inside
the dielectric.

cylinder in field: A grounded conducting cylinder in a uniform external field.

dielec cyl in field E: This is the electric field of a dielectric cylinder in a uniform external field.
The size of the cylinder and the dielectric strength are adjustable.

dielec boundary E: This is the electric field of a point charge near a dielectric boundary. The poin
charge is located outside of the dielectric by default; so the dielectric is the area below the boundai
plane. The location of the point charge and the dielectric strength are adjustable.

conducting plane + pt: This is the electric field of a point charge near a conducting boundary.
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/ \ ] Potential in 11
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- l that of charge

shown.
_(x— l)
e 1 (x + 1

Actual conﬁguratioh. Potential in I is equivalent
(Lines of D shown.) to that of charges shown.
(a) . | (b)

Fic. 3-3. Point charge and “dielectric half-space.”” (a) represents the actual
physical system of a charge +¢ at a distance @ from a dielectric half-space of
specific inductive capacity x. (b) is a system of images representing the con-
figuration: the left-hand side of the distribution (b) is a system of charges which
gives the correct field distribution in region I; the right-hand part gives the
correct field distribution in region II.



N

ZINE



>
SO
=Nt
2l

Figure 4-18. Lines of D (identified by arrows) and equipotentials for a
point charge near a dielectric. As previously, equipotential surfaces are
generated by rotating the figure about the axis indicated by the curved
arrow. Equipotentials and lines of D near the point charge are not
shown.

the same medium 1 on both sides of the interface, the original charge
Q, and a charge

, €n — €ng
= 1 4-55
0= Bty @s5)

at the image position. The field in medium 2 is the same as if medium

2 extended on both sides of the interface and the original charge Q

were replaced by

2
¢=—""_9 (4-56)
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Figure 4-24. The field near a dielectric sphere (e, = 3) in a uniform electric
field. The lines of D (indicated by arrows) crowd into the sphere as
shown, with the result that D is larger inside than outside. Since there is
no free charge at the surface of the sphere, the lines of D neither origi-
nate nor terminate there, and they are continuous across the boundary.
The equipotentials spread out inside, corresponding to a lower electric
field intensity E. The electric field intensity E is discontinuous at the
surface, and the density of lines of force is lower inside than outside. As
in the conducting sphere, the field is hardly disturbed at distances larger
than one radius from the surface. The field inside is uniform. The origin
is chosen at the center of the sphere and the polar axis used in the
calculation points to the right.
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Figure 4-22. Lines of force (indicated by arrows) and equipotentials for
a conducting sphere in a uniform electric field. The lines of force are
normal at the surface of the sphere, and there is zero electric field
intensity inside. Observe that the field is hardly disturbed at distances
larger than one radius from the surface of the sphere. The origin is at the
center of the sphere and the polar axis used in the calculation points to

the right.











