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Preface to the Fourth Edition

In some ways first editions are easier, or perhaps I should say, less diffi-
cult, to prepare than subsequent editions. By the time a fourth edition is
required, there is a strong expectation among readers of the character and
content of the book. Thus, the author must somehow try to maintain the
style at the same time as bringing the book up to date. What to omit and
what to include are very difficult questions. Modern optical coating design
is virtually entirely performed by computer, frequently using automatic
techniques. However, computers do not remove the need for understanding,
and I think it is understanding that readers look for in the book. Also, I am
conscious that a reader, having perhaps rejected an earlier edition in favor
of a later and remembering something important in the earlier, might well
expect to find it in the later. I made the decision, therefore, to retain most of
the descriptions of the earlier design techniques because of their importance
in understanding how designs work. Then, although some of the applica-
tions that I describe are rather old, nevertheless they do illustrate how optical
coatings are incorporated into a system, and so I retained them. I have tried
to incorporate a reasonable amount of new material throughout the book.
I added a chapter on color because it is increasing in importance in optical
coatings, and, although it is of largely academic interest, I could not resist a
section on the effects of gain in optical coatings, because I find it a fascinat-
ing topic. Then I struggled with coatings for the soft x-ray region and, with
some regret, decided not to include them at this time. It is the old design
synthesis problem: one has to stop somewhere.

I am fortunate in my friends and colleagues who have helped me immea-
surably with suggestions, advice, and, I have to admit it, corrections. The
field of optical thin films has been very good to me. I cannot imagine a more
friendly, supportive, and open group of people than the international optical
thin-film community. It sets an example the rest of the world would do well
to follow.

Thank you, all of you, my readers, publishers, friends, colleagues, family,
and especially my wife, Ann.

H. Angus Macleod
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Symbols and Abbreviations

The following list gives those more important symbols that have been
used in at least several places in the text. We have tried as far as possible
to create a consistent set of symbols, but there are several well-known and
accepted symbols that are universally used in the field for certain quanti-
ties and changing them would probably lead to even greater confusion than
would retaining them. This has meant that in some cases the same symbol is
used in different places for different quantities. We hope the list will make it
clear. Less important symbols, defined and used only in very short sections,
have been omitted.

A

A

g B s B

N MmOy

Absorptance; ratio of the power absorbed in the structure to the
power incident on it.

Potential absorptance; quantity used in the calculation of the
absorptance of coatings. It is equivalent to (1 — y) where y is the
potential transmittance.

Normalized total tangential electric field at an interface, usually
the front interface of an assembly of layers. It is also used very
briefly at the beginning of Chapter 2 as the magnetic induction.

Normalized total tangential magnetic field at an interface, usu-
ally the front interface of an assembly of layers.

Physical thickness of the gth layer in a thin film coating.
Electric vector in the electromagnetic field.

Total tangential electric field amplitude, that is, the field parallel
to the thin film boundaries.

Electric field amplitude.
Equivalent admittance of a symmetrical arrangement of layers.
Function used in the theory of the Fabry—Perot interferometer.

Finesse. The ratio of the separation of adjacent fringes to the half-
width of the fringe in the Fabry—Perot interferometer.

g = Ay/A = v/v, sometimes called the relative wavelength, or the
relative wave number, or the wavelength ratio. 4, and v, are the
reference wavelength and reference wave number, respectively.
The optical thicknesses of the layers in a coating are defined with
respect to these quantities that are usually chosen to make the
more important layers in the coating as close to quarter-waves as
possible.

Magnetic vector in the electromagnetic field.

X0
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Symbols and Abbreviations

Total tangential magnetic field amplitude, that is, the field paral-
lel to the thin-film boundaries.

Magnetic field amplitude.
Represents a quarter-wave of high index in shorthand notation.

Irradiance of the wave, that is power per unit area. Unfortunately,
the standard SI symbol for irradiance is E but to use E would
cause great confusion between irradiance and electric field. It is
even more unfortunate that I is the SI symbol for intensity that is
the power per unit solid angle from a point source. Doubly unfor-
tunate is that the older definition of intensity is identical to the
current definition of irradiance.

Extinction coefficient. The extinction coefficient denotes the pres-
ence of absorption. The complex refractive index, N, is given by
N=n-ik.

Represents a quarter-wave of low index in shorthand notation.

Represents a quarter-wave of intermediate index in shorthand
notation. Also used for a matrix element, or to indicate an array
of matrix elements.

Denotes the complex refractive index, n — ik.
Refractive index or, sometimes, the real part of refractive index.

Effective index of a narrowband filter, that is, the index of an
equivalent layer that yields a shift of its fringes in wavelength, by
the same amount as the peak of the narrowband filter, when tilted
with respect to the direction of incidence.

Packing density, that is the ratio of the solid volume of a film to
its total volume.

p-Polarization, that is the polarization where the electric field
direction is in the plane of incidence. It is sometimes known as
TM for transverse magnetic.

Reflectance. The ratio at a boundary of the normal components of
reflected and incident irradiance or, alternatively, the ratio of the
total reflected beam power to the total incident beam power.

s-Polarization, that is the polarization where the electric field
direction is normal to the plane of incidence. It is sometimes
known as TE for transverse electric.

Transmittance. The ratio of the normal components of transmit-
ted and incident irradiance or, alternatively, the ratio of the total
transmitted beam power to the total incident beam power.

See s for s-polarization.
See p for p-polarization.
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Coordinate axes. In the case of a thin film or surface the z-axis
is usually taken positive into the surface in the direction of inci-
dence. The x-axis is usually arranged in the“plane of incidence
and the x-, y-, and z-axes, in that order, make a right-handed set.

Three color-matching functions that define the CIE 1931 Standard
Colorimetric Observer.

Tristimulus values. They are the three basic responses defining
a color.

Chromaticity coordinates, X/(X+Y + Z), Y/(X+Y + Z), Z/(X+ Y
+ Z). Usually z is omitted because they are normalized to add to
unity.

Complex surface admittance.

Characteristic admittance of a material given in SI units (siemens)
by N%, that is (1 — ik)% and in units of the admittance of free space,
%,by N or n — ik.

Surface admittance, that is the ratio of the total tangential compo-
nents of magnetic and electric field at any surface parallel to the
film boundaries. Y = C/B.

Admittance of free space (2.6544 x 103 S).

Characteristic admittance of the incident medium.
Characteristic admittance of the emergent medium, or substrate.
Absorption coefficient, given by 47k/A usually in units of cm.

Three direction cosines, that is, the cosines of the angle the direc-
tion makes with the three coordinate axes.

Symbol for 2nkd/A usually with reference to a metal.

Equivalent phase thickness of a symmetrical arrangement of
layers.

Relative retardation. It is given by @, — ¢, £ 180° in reflection and
®, — ¢, in transmission, where the normal thin-film sign conven-
tion for ¢, is used.

n,/n, where 1 is the modified tilted admittance. The quantity is
used in the design of polarization-free coatings.

Phase thickness of a coating, given by 27(n — ik)d/A.
Indicates a small error in the discussion of tolerances, etc.
Permittivity of a medium.

Tilted optical admittance.

Angle of incidence.



xviii

Symbols and Abbreviations

Sometimes called the wave number, k is given by 2nr(n — ik)/A
where A is the free space wavelength. Note the confusing use of
the term wave number. It is also applied to v.

Wavelength of light. In the book, except at the very beginning of
Chapter 2, it always indicates the wavelength in free space.

Reference wavelength. The optical thicknesses of the layers in a
coating are defined with respect to the reference wavelength that
is usually chosen to make the more important layers in the coat-
ing as close to quarter-waves as possible.

Wave number. v=1/4 and is frequently expressed in units of cm™
(also sometimes known as kayser. The SI unit is, strictly, inverse
meters or m™).

Reference wave number, 1/A,,.

Permeability. Used in early part of Chapter 2.

Amplitude reflection coefficient. Used also as electric charge den-
sity in early Chapter 2.

Amplitude transmission coefficient.

Phase difference, often in reflection or transmission.

Potential transmittance, T/(1 — R) or the ratio of the quantities
Re(BC*) evaluated at two different interfaces. It represents the
power emerging from a system divided by the power entering
and is unity if there is no loss.
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