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ABCD transformation matrix, 95
active opto-electronic devices, 196
adiabatic transition

symmetric Y-branch, 170
waveguide and fiber horn, 170

air modes
TE modes, 119
TM modes, 125

angular resolution of far field, 61
anti-reflection coating, 34
aperture diffraction, 55
asymetric planar waveguide, 112

backward wave
in Fabry–Perot resonators, 37
x-polarized plane wave, 6
y-polarized plane wave, 6

beam splitter, 37
beam waist

Gaussian beam, 94
laser cavity modes, 84

beam width, 60
birefringent material

compound semiconductor waveguide, 203
index ellpsoid, 201
LiNbO3 waveguide, 202
plane waves, 200
polymer waveguide, 203
principle crystalline axes, 200

Brewster angle, 20

channel waveguide
description of structure, 136
effective index analysis, 136
example, 140
properties of guided modes, 140
TE and TM modes, 139

circular polarization, 10
cladding modes

optical fiber, 146
planar waveguide, 46

complex laser cavities, 105
confocal cavity, 75

confocal cavity analysis, 77
conjugate beam, 45
convolution, 65
coupled mode analysis

directional coupler, 160
grating coupling, 155
two coupled waveguides, 154
two uncoupled waveguides, 153

cut-off of guided-wave mode
TE, 117
TM, 123

degenerate laser modes, 79
demultiplexer, 186
differences of microwave and optical

waveguides, 110
diffraction loss in laser cavity, 81
directional coupler

characteristics, 177
coupled mode analysis, 160
supermode analysis, 164
variable gap, 190

distributed Bragg reflector, 189
double slit diffraction, 66

effect of electro-optical Δχ, 197
effective index

analysis, 137
definition, 137
supermodes of 2 coupled
waveguides, 166

eigen functions of confocl cavity, 77
electric field, 5
electro-absorption in semiconductors

exciton, 207
quantum wells, 206
stimulated absorption and
bandgap, 205

electro-optical mechanisms
Δχ″ in semiconductors, 206
linear Pockel’s effect, 200

equivalent confocal resonator, 88
evanscent wave, 9
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even modes
TE, 116
TM, 123

excitation of planar guided
waves, 134

Fabry–Perot resonance, 37
far field

diffraction from aperture, 58
of laser cavity modes, 84

filtering
Fabry–Perot resonance, 41
grating reflection filter, 41
ring resonator, 189
waveguide reflector, 189

finesse
Fabry–Perot resonator, 40
ring resonator, 192

focal plane of lens
diffraction pattern, 62

focusing of a lens
Gaussian beam, 103
plane wave, 62

forward propagating wave
in Fabry–Perot resonator, 37
x-polarized plane wave, 6
y-polarized plane wave, 5

Fourier transformation
in confocal laser cavity, 76
in focal plane of lens, 62
in Fraunhofer diffraction, 58
in Star coupler, 184

Fourier trasform
representation by plane waves, 11

Fraunhofer diffracion, 57
free spectra range

Fabry–Perot resonator, 39
ring resonator, 192

Fresnel diffraction, 57
Fresnel lens

in free space, 67
in planar waveguide, 130

Gaussian beam
matrix representatiom of
propagation, 95

physical meaning of various
terms, 94

propagating through a prism, 100
propagating through a spatial filter, 98
propagating through lens, 97
solution of Maxwell’s equation, 92

Gaussian modes of confocal cavity, 78
grating

deflector and reflector, 188
diffraction of Gaussian beam, 102

diffraction of planar guided wave, 131
diffraction of plane wave, 30
reflection filter in waveguides, 155

guided modes of planar waveguide
equations, 112

Helmholtz equation, 55
Hermite polynomials, 80
Hollow dielectric waveguide, 50
holography, 46

image formation, 28
integral equations for laser cavities, 74
interactions of guided waves, 148

Kirchhoff’s integral
analysis of laser cavity, 73
analysis of lasers, 83
diffraction by an aperture, 55

laser cavities, 73
lens, 25
line width

Fabry–Perot resonators, 40
resonance in laser cavity, 82

longitudinal modes, 79

Mach–Zehnder
interferometer, 173
modulator, 212

magnetic field, 5
main lobe, 60
Maxwell’s equations, 4
measurement using Fabry–Perot resonance

material loss, 43
refractive index, 42

mode matching of Gaussian beams, 104
modulator/switch

directional coupler modulator and switch, 213
electro-absorption modulator, 214
Mach–Zehnder modulator, 212
phase modulator, 211
traveling wave phase modulator, 215

multi-layer planar waveguide, 135
multiple reflections

in hollow dielectric waveguide, 50
in planar waveguide, 48

natural light, 72

odd modes
TE, 116
TM, 123

optical fiber
applications, 145
description, 142
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guidedwave solution, 142
hybrid modes, 144
linearly polarized modes, 144
properties of guided modes, 144

optical rays
reflection, 15
refraction, 21
representation, 13
transmission through prism, 24
transmssion through a lens, 25

orthogonality
laser cavity modes, 79
planar waveguide modes, 126

paraxial approximation, 56
passive waveguide and fiber devices, 176
perturbation analysis

derivation, 150
example, 152

phased array frequency demultiplexer, 186
planar guided waves

convergent and divergent waves, 127
examples of TE modes, 118
focusing and collimation, 129
refraction, 128
TE, 114
TM, 121

planar waveguide
diffraction analysis, 46
modal analysis, 112

planar waveguide lens
Fresnel lens, 130
geodesic lens, 129
Luneberg lens, 129

plane wave analysis, 4
plane waves in arbitrary direction, 7
polarization

in scalar wave equation, 54
optical fiber modes, 144
planar waveguide modes, 113
plane wave, 5

power dividing waveguide devices
directional coupler, 177
multi-mode interference
coupler, 178

Star coupler, 182
Y-branch splitter, 177

prism, 22
prism spectrometer

comparison, 42
operation, 22

pulse propagation, 31

q parameter in Gaussian beams, 94
Q-factor

of Fabry–Perot resonance, 40
of ring resonator, 192

radiation condition, 55
radiation fields of lasers, 80
radiation loss

of curved waveguide, 193
of laser cavity, 81

reconstruction of waves, 43
reflection coating, 37
reflection of mirrors

flat mirror with arbitrary
polarization, 15

flat mirror with in-plane
polarization, 15

flat mirror with perpendicular
polarization, 14

spherical mirror, 16
refraction

by lens, 25
by plane boundary, 17
by prism, 22

resolution of microscope, 64
resonance

confocal cavity, 78
Fabry–Perot, 37
laser cavity, 89
ring resonator, 189

ring cavity
complex laser cavity, 105
waveguide ring resonator, 189

scalar wave equation, 54
scanning interferometer, 41
side lobe, 60
signal delay component

Fabry–Perot resonator, 43
ring resonator, 194

single mode
laser oscillator, 81
planar waveguide, 123

spatial filtering
in signal processing, 64
of a gaussian beam, 98
transparet film, 64

spot size
in the focus of a lens, 64
on mirror of confocal
cavity, 81

stable resonator, 88
substrate mode

TE, 119
TM, 124

super mode
definition, 163
in directional coupler, 166
in Mach-Zehnder, 173
two coupled waveguides, 164
two uncoupled waveguides, 164
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superposition
plane wave applications, 34
plane waves, 10

symmetric waveguide
TE modes, 115
TM modes, 122

tapers in waveguide and fiber, 176
TEM waves, 53
thin lens representation, 27
thin prism representation, 24

time-averaged power, 9
total internal reflection, 21
transverse laser modes, 78

unit impulse response, 57
unstable laser cavity, 89

x-polarized plane wave, 6

Y-branch, 170
y-polarized plane wave, 5
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