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11.2.1 Observability function
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Fig. 11.1. (Left) ¢, and (right) €/, as a function of wavelength, 2, in the visible and near

infrared for the plasmonic metals gold (solid line), silver (long dashes), aluminum (dots) and
copper (dot dashes). (Mathematica simulation.)
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Fig. 11.2. (Left) €, and (right) €, as a function of wavelength, A, in the visible and near
infrared for palladium (solid line), platinum (long dashes), rhodium (dots) and iridium (dot
dashes). (Mathematica simulation.)
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Fig. 11.3. (Left) ¢, and (right) €, as a function of wavelength, A, in the visible and near
infrared for iron (solid line), cobalt (long dashes), chromium (dots) and tungsten (dot dashes).
(Mathematica simulation.)
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Fig. 11.4. The observability function is plotted as a function of wavelength, A, for plasmonic
metals gold (solid line) and silver (long dashed), for nonplasmonic noble metals platinum (dot
dashed) and iridium (short dashes) and transition metals iron (medium dashes) and
chromium (dotted). Smaller values of f indicate the metal has greater plasmonic properties.

(Mathematica simulation.)

11.2.2 Kretschmann resonance
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Fig. 11.5. Plot of the SP resonance as exhibited in the reflectivity of a 50 nm thin film of
silver on a glass prism in the Kretschmann configuration in air as a function of angle of
incidence, 6, for wavelengths of 800 nm (solid line), 700 nm (long dashes), 600 nm (short
dashes), 500 nm (dot dashes), and 400 nm (medium dashes) . (Mathematica simulation.)
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Fig. 11.6. Plot of the SP resonance as exhibited in the reflectivity of a 50 nm thin film of gold
on a glass prism in the Kretschmann configuration in air as a function of angle of incidence,
0, for wavelengths of 800 nm (solid line), 700 nm (long dashes), 600 nm (short dashes), 500
nm (dot dashes), and 400 nm (medium dashes) . (Mathematica simulation.)
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Fig. 11.7. Plot of the SP resonance as exhibited in the reflectivity of a thin film of aluminum
on a glass prism in the Kretschmann configuration in air as a function of angle of incidence,
0. The thickness of the aluminum film is 7 nm at A= 800 nm (solid line), 9 nm at A= 700 nm
(long dashes), 11 nm at A= 600 nm (short dashes), and 15 nm at A= 400 (medium dashes)
and 500 nm (dot dashes). (Mathematica simulaton.)
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Fig. 11.8. Reflectivity for 10 nm films of iron (solid line), cobalt (long dashes), palladium
(short dashes) and platinum (dot dashes) at a wavelength of 800 nm. There is no obvious
SP resonance with a reflectivity minimum although there is still a strong reflectivity peak at
the critical angle. (Mathematica simulation.)
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Fig. 11.9. Electric field amplitude as a function of wavelength, a, for SP excitation in the
Kretschmann configuration for several metals. The angle of incidence within the glass prism
is 42.7°, except for aluminum for which it is 43.1°. The thicknesses of the films are adjusted

for maximum field amplitude at the surface. (Mathematica simulation.)




11.2.3 Propagation distance

L — AU / 4
150 — A9 /—
r - Al P

, 4 :
L == Pt ]
- s

100 Fe P |

[ /1
: s / a
50 P S

“—/——'-__ -'_—;I"' -

o -
r ———--———_ o
1

-J{_-—-_-_-

(0] oo e S A A R
04 05 06 07 08 09 10

A (um)

d (um)
\
\
\

Fig. 11.10. SP propagation distance is plotted as a function of wavelength, A, for gold (solid
line), silver (long dashes), aluminum (short dashes), platinum (dot dashes) and iron (medium
dashes). (Mathematica simulation.)
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Fig. 11.11. SP lifetime is graphed as a function of wavelength, A, for gold (solid), silver (long
dashes), aluminum (short dashes), platinum (dot dashes) and iron (medium dashes).
(Mathematica simulation.)



11.2.4 Nanoparticle field enhancement
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Fig. 11.12. Extinction coefficient as a function of wavelength for 40 nm particles of several
metals embedded in a glass medium. Left: silver (solid line), gold (long dashes), copper
(dots) and aluminum (dot dashes). Right: cobalt (solid line), chromium (long dashes),
palladium (dots) and platinum (dot dashes). (Mathematica simulation.)
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Fig. 11.13. Figure of merit as a function of wavelength for (left) plasmonic metals and (right)
transition metals in the quasistatic approximation. Left: gold (solid line), silver (long dashes),
aluminum (dots) and copper (dot dashes). Right: iron (solid line), cobalt (long dashes),
chromium (dots) and tungsten (dot dashes). (Mathematica simulation.)
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Fig. 11.14. SP dispersion curve for highly doped InSb. Reprinted with permission from N.
Marschall, B. Fischer and H. J. Queisser, Phys. Rev. Lett. 27 95 (1971). © 1971 by the
American Physical Society. [8]

11.3 Drudemetals

11.3.2 Losdess Drude mode
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Fig. 11.15. SP dispersion curve for a Drude metal exhibiting two branches. (Mathematica
simulation.)
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Fig. 11.16. Nonradiative lower branch of the SP dispersion curve for a Drude metal and its
asymptotes. (Mathematica simulation.)
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Fig. 11.17. Radiative upper branch of the SP dispersion curve for a Drude metal and its
asymptote, which is the light line. (Mathematica simulation.)
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Fig. 11.18. Light emission from a thin silver film bombarded by electrons. Reprinted with
permission from R. W. Brown, P. Wessel and E. P. Trounson, Phys Rev. Lett. 5 472-473
(1960). © 1960 by the American Physical Society. [21]

11.3.3 Lossy Drude model
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Fig. 11.19. Complex dispersion curves for SPs in a Drude metal assuming the frequency is
real for damping constants of 0.01 (solid line), 0.4 (long dashes), 0.8 (dots) and 1.2 (dot
dashes). (Left) SP frequency as a function of the real part of SP wavevector. (Right) SP
frequency as a function of the imaginary part of SP wavevector. (Mathematica simulation).
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Fig. 11.20. Propagation distance for a SP in a lossy Drude metal as a function of frequency
for damping constants of 0.01 (solid), 0.4 (long dashes), 0.8 (short dashes) and 1.2 (dot
dashes). The propagation distance is normalized by the plasma wavelength, A, = 27rC/a)p.
(Mathematica simulation.)
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Fig. 11.22. Real part of the SP frequency as a function of SP wavevector for both the (left)
lower and (right) upper branches of the dispersion curve for SPs in a Drude metal assuming
the wavevector is real. The damping constant is O (solid line), 0.4 (long dashes), 0.8 (short
dashes) and 1.2 (dot dashes). (Mathematica simulation.)

0.0 = 0.0 ——
-0.1 \\ 01 v
=02 —] . 02—/
c -03 \ & -03 4
04N ~04 /,'
-05 Seman -05-/
~06 eIt ~0.6k7’ J
0.0 05 1.0 15 20 25 30 0.0 05 10 15 20 25 3.
K K

Fig. 11.23. Imaginary part of the SP frequency as a function of SP wavevector for both the
(left) lower and (right) upper branches of the dispersion curve for SPs in a Drude metal
assuming the wavevector is real. The damping constant is 0 (solid), 0.4 (long dashes), 0.8
(short dashes) and 1.2 (dot dashes). (Mathematica simulation.)

Exercises

1. In Fig. 11.11(b) the graph for chromium indicates an increasing field enhancement
function at short wavelengths. Plot g for chromium from 250 nm to 800 nm. Does
chromium become a plasmonic metal in the UV ?
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Exercise 1: Field enhancement factor for chromium. (Mathematica simulation.)

2. Tungsten is a highly resistive metal with a high melting point. These are properties
that make it useful for heating elements and lamp filaments, but not useful for support-
ing SPs at optical frequencies as seen in Fig. 11(b). By plotting the field enhancement
function from a wavelength of 1 um to 10 um, decide whether or not this metal could
support SPs at these longer IR wavelengths.
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Exercise 2: Field enhancement factor for tungsten. (Mathematica simulation.)
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