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Figure 11.0-1 Storage of light in optical resonators via: (¢) multiple reflections from mirrors;
(b) propagation through closed-loop optical fibers and integrated-photonic waveguides; (c) trapping
of light within defects in photonic crystals; (d) multiple Fresnel reflections at semiconductor—air
boundaries; (e) reflections from periodic structures such as distributed Bragg reflectors (DBRs);
(f) whispering-gallery mode reflections near the surfaces of dielectric microresonators such as disks,
toroids, and spheres; and (g) localized surface plasmon oscillations in metallic nanospheres.
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Figure 11.1-1  Two-mirror planar resonator (Fabry—Perot resonator). (a) Light rays perpendicular
to the mirrors reflect back and forth without escaping. (b) Rays that are only slightly inclined
eventually escape. Rays also escape if the mirrors are not perfectly parallel.
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Figure 11.1-2 (@) Wave function u(r, t) for an
ideal planar-mirror mode as a function of z (for
z r = y = 0), portrayed at several different times.

In this illustration, 14 half-wavelengths match the
=d length of the resonator so that the mode number
q = d/(\/2) = 14. (b) Spatial distribution of the

0 4
magnitude |u(r,t)| as a function of z and z (for
, y = 0) at a particular time, represented on a color
z scale where red represents a large magnitude and
white represents zero.
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Figure 11.1-3 The adjacent resonance frequencies of a planar-mirror resonator are separated by
vr = ¢/2d = ¢,/2nd, as illustrated by two examples: (a) A 30-cm long resonator (d = 30 cm) with
air between the mirrors (n = 1) has a frequency spacing between modes given by vr = 500 MHz.
(b) A much shorter resonator with d = 3 um has vr = 50 THz, so that the first mode has a frequency
corresponding to a wavelength of 6 ym and there are only two modes within the 700-900-nm optical
band, which occupies a frequency range of 95 THz.
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Figure 11.1-4 (a) A wave reflects back and forth between the resonator mirrors, suffering a phase
shift ¢ on each round trip. (b) Block diagram of an optical feedback system with a phase delay .
(c) Phasor diagram representing the sum U = Uy + Uy + - - - for ¢ # ¢2m and for ¢ = ¢2.
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Figure 11.1-5 Traveling-wave resonators. (a) Three-mirror ring resonator. (b) Four-mirror bow-tie
resonator.
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Figure 11.1-6 () In the steady state,
a lossless resonator (F = o0) sustains
light waves only at the precise resonance
frequencies v,. (b) A lossy resonator
1 best sustains waves in the immediate

vicinity of the resonance frequencies,
(b) but it can sustain waves at other frequen-
'\D cies as well.
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Figure 11.2-3 Resonator stability diagram. A spherical-mirror resonator is stable if the parameters
g1 = 1+ d/R; and go = 1 + d/R; lie in the unshaded regions, which are bounded by the lines
g1 = 0 and g> = 0, and the hyperbola g = 1/g;. R is negative for a concave mirror and positive for
a convex mirror. Commonly used resonator configurations are indicated by letters and are sketched
at the right; shaded areas represent collections of rays perpendicular to the mirrors. All symmetric
resonators lie along the line g = ¢g;.
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Figure 11.2-6 Fitting a Gaussian beam to two mirrors separated by a distance d. Their radii of
curvature are R; and R,. Both mirrors are taken to be concave so that Ry and R, are negative, as is
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