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A
aberration. See lenses.
acquisition, 547, 908
add drop, 147, 149, 193
additive white Gaussian noise

(AWGN), 564
adjacent channel, 137, 140, 402,

688, 691
ALC. See control loops.
algorithms, 8, 34, 524, 650, 672,

681, 698, 699, 732, 946, 950
decision directed, 698, 731, 732
least mean square (LMS), 696,

697, 698, 699
maximum likelihood, 682, 701
Viterbi, 682
zero forcing, 696

AM to AM polynomial, 371,
397, 765

amplitude modulation (AM), 562
noise, 293, 294, 296, 297
residual, 517, 519, 525, 650,

651, 663
vestigial side band (VSB), 561, 808,

835, 854
amplifiers

bias class, 493
distributed, 209, 219, 472, 473,

478, 509, 999
feedback, 209, 255, 261, 464, 467,

468, 469, 470, 535, 755
load line, 492, 493
matching, 994
noise figure, 478, 508, 556, 560
operational, 450, 477, 479,

518, 594, 904
PIN TIA, 49, 479, 920

push pull, 41, 336, 494, 760,
764, 765, 768, 769

analog baseband (ABB), 569, 587, 726
analog-to-digital converter (ADC), 587,

726, 730, 739, 742–743
analog-to-digital converter

(ADC) error function, 726
analog-to-digital converter (ADC) NTF, 736
analog-to-digital

quantization noise, 719, 733
analog return path, 44, 45, 46, 192, 413

return path receiver, 43, 44, 46
return path transmitter, 13, 44,

45, 46, 246
application specific integrated circuit

(ASIC), 20, 48
architectures, 8, 17, 31, 53, 132, 789
arrayed waveguide gratings (AWG), 8,

142, 143, 146, 172
audio

AC2
AC3, 80, 90, 111
aural, 57

automatic current control (ACC).
See control loops.

automatic gain control (AGC). See control
loops.

automatic offset control, 936
automatic power control (APC).

See control loops.
avalanche photo detector (APD).

See photo detectors.

B
back facet monitor, 592, 622, 781, 948,

950, 953, 955, 961, 963, 973
back off power, 568
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balanced bridge interferometer, 301, 743
band gap reference, 496
band pass filter, 696
back-to-back diodes linearizer, 787
Barkhausen criterion
base-band (BB), 567
bias methods

bias class, 493
current control loop, 495, 622, 623, 624
current starving, 495, 510
gate bias, 496
load line, 492, 493
stack bias, 494, 495

birefringent crystal, 173
bit error rate (BER), 290, 654, 656, 659,

723, 819, 829, 837, 847, 886, 887,
890, 896, 905, 920

on–off keying bit error rate (OOK BER)
probability of error, 643, 654, 655,

656, 657, 721, 886, 887, 888, 932,
933, 934, 939

quadrature amplitude modulation
(QAM), 629, 632, 633, 654, 662,
683, 685, 686, 699, 710, 712, 716,
724, 738, 740, 839, 845, 855

blanking signal. See composite video
or TV.

blind equalizer. See equalizers.
Bode fano limit, 485
Bode plots, 499, 536, 611

dominant pole, 534, 550
gain margin, 479, 524, 534, 535, 599,

923
phase margin, 534, 535
poles, 535, 537, 538, 547, 584, 696, 1030
zeros, 154, 667, 693, 908, 912

bulk optics, 179, 180, 188, 189,
192, 201, 203, 204, 205

bidirectional (BiDi), 50, 51, 182,
184, 185, 187

diplexer, 5
full service access network (FSAN)

wavelengths, 189, 192
optical dual port (ODP), 164, 407
optical trap, 190, 191, 192, 205
optical triple port (OTP), 164, 407
tracking error, 179, 187, 188, 200,

201, 205
triplexer, 51, 183, 188, 190, 198, 201

Bragg grating, 118, 148, 149, 155, 173, 967
fiber, 118, 149, 173, 956
filters, 137

Bragg wavelength, 150, 157, 159
brick wall filter. See filters.
burst mode transceiver, 927–965

burst mode, 927–965
burst mode AGC, 946–953
burst mode tester, 945
loud soft ratio, 982

burst noise, 840
bursty nonlinear distortions (NLD), 806, 838
butterfly, 685

C
cable

coax, 39–43, 42
coax loss, 386
fiber bundle, 32

capacitance, junction capacitance, 247, 327
carrier recovery, 711, 722

clock data recovery (CDR), 913, 915,
916, 917, 918, 920, 922, 923, 928,
929, 934, 955, 981

costas loop, 711, 712, 713, 741, 912
phase locked loop (PLL), 715,

717, 721, 912, 913, 914, 916, 923
carrier-to-noise ratio (CNR), 12, 41, 98, 99,

101, 290, 384, 386, 413, 414, 415,
416, 420, 421, 422, 423, 424, 425,
449, 555, 560, 719, 720, 845, 846, 867

dark CNR, 557, 1022, 1024, 1038, 1039
Eb/N0 vs. CNR
noise factor (NF), 382, 384, 553
P1dB, 397
quantum limit, 295, 423, 888
relative intensity noise (RIN), 293, 294,

295, 296, 307, 421, 424, 809, 825,
843, 844, 846, 900, 902, 921

signal-to-noise ratio (SNR), 98, 123,
427, 659, 705, 706

system performance, 101, 120,
319, 366, 547, 799, 858

third-order intercept point (IP3),
343, 366, 371, 377, 397, 700

cascades, 787
cathode ray tube (CRT), 74, 94

horizontal scanning, 59
image orthicon, 57, 58
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tubes, 57, 58, 64, 72, 411
vertical, 60

CDMA–optical, 173
chirp, 261, 274, 275, 276, 297, 301, 303,

304, 305, 306, 307
chromatic dispersion, 122, 894, 921
circulator, 169, 173
clipping, 806, 810–837, 814, 817, 820, 821

clipping noise, 817–825, 833, 873
clipping statistics, 812, 825–830
preclipping, 834

clock data recovery (CDR)
CNR carrier to noise, 561
codes

Manchester, 911, 922
nonreturn to zero (NRZ), 667, 909, 911,

922, 994, 997
return to zero (RZ), 910, 911, 922

coding
concatenated coding, 672, 673
convolution, 381
deinterleaver, 677, 678, 739
forward error correction (FEC), 8
galois field, 675
interleaver, 139, 677, 678, 739
parity, 673
pseudo-random beat sequence (PRBS)

generator, 669, 670, 672
puncturing, 680, 681, 742
randomizer, 90, 111, 739
Reed–Solomon, 667, 674
Trellis, 679, 680, 681
Trellis decoder, 739
Trellis diagram, 681
Trellis encoder, 90, 92, 668
Viterbi algorithm, 682

coefficient of performance (COP), 597
coexistence, 16, 806, 868, 928, 993, 987
coherent, 262, 355, 708, 720, 1023

coherent tones, 811
detection, 354–355, 358

coma. See lenses.
community access TV (CATV), 3, 39,

561, 581
frequency plan, 97, 103
integrated triplexer, 190
node, 932
optical receiver, 436, 936, 1027
receiver, 98, 147, 434, 700, 710, 721, 805

Society of Cable Telecommunications
Engineers (SCTE), 99, 1024, 1025

tap, 704
composite distortions, 877

beat count, 389, 407
coherent CSO, 1023
composite second order (CSO), 12, 41,

98, 100, 101, 284, 285, 336, 377,
378, 381, 391, 398, 522, 699, 752,
824, 850, 852, 857, 867, 995

composite trible beat (CTB), 12, 41, 98,
100, 101, 111, 336, 372, 377, 378,
379, 381, 386, 391, 397, 398, 522,
699, 752, 754, 824, 852, 867,
995, 1123

convolution, 381
composite second-order (CSO), 561
composite trible beat (CTB), 561
composite video, 70

aspect ratio, 61, 62, 77, 79
aural, 57
blanking signal, 63
chrominance, 73
color burst, 67, 68, 72, 74, 76, 101,

110, 242
field, 76
frame, 56
horizontal, 110
image orthicon, 57, 58
interlaced, 57
luminance, 73
picture, 561
vertical, 59, 60, 102, 110, 209, 226

connectors
automatic power control (APC), 20, 126
face contact (FC), 126, 127, 1035
subcarrier connector (SC), 20, 126
super physical contact (SPC), 126
straight transfer function (ST), 125, 172

constraint of pattern length, 685
continuous wave (CW), 561, 563, 581, 586
control loops

automatic current control (ACC), 495
automatic gain control (AGC) burst, 526

feedback, 530, 599
feed forward, 557–560

automatic power control (APC), 45,
587, 928

burst, 941, 963
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control loops (continued )
close loop, 584, 914
current starving, 495
gain margin, 479, 524, 535, 923
open loop, 534, 550, 551, 710, 711
phase locked loop (PLL), 715, 716, 717,

722, 912, 913, 914, 916, 923
phase margin, 534, 535
pulse width modulation (PWM) control

loop, 524
synthesizer, 699, 700
thermo electric cooler (TEC) control

loop, 594–622, 968
wavelength locking. See wavelength

locking.
constellation

additive white gaussian noise
(AWGN), 652, 655

AM to phase modulation (PM), 376, 398,
652, 663, 774

calibration, 821, 660
carrier leakage, 93, 253, 262, 636, 638,

640, 641, 642, 644, 663
cross talk, 147, 190, 191, 205
decision zone, 638
Eb/N0, 307, 401, 912, 932, 933, 935
error vector magnitude (EVM), 638,

650, 653, 660, 661, 664
I/Q mismatch, 567
jitter, 645, 712, 716, 719, 720, 915, 916
modulation error ration (MER), 653,

661, 664, 720
origin offset, 638, 645, 663
peak to average/rms, 541, 634, 635

convolution, 568
convolution code, 679, 685
coplanar waveguide. See transmission lines.
copper lines, 3
correlation coefficient, 448
coupled charge device (CCD), 58
coupler/coupling

capacitive, 459, 1003
coupled mode equations, 221
directional coupler, 183, 184, 586
even mode, 760
odd mode, 760
star, 130, 131, 1002, 1003
Y branch, 184, 185

cross coupled differential pair (CCDP), 764

cross modulation, 398, 1027
cross phase modulation XPM, 806,

861–863, 876
crosstalk–electrical, 1013

analog ground (GND), 1003
compartments, 1005, 1012
coupling capacitance, 1004
current loop, 1002, 1003, 1005,

1008, 1012
digital GND, 1003
PRBS, 669, 672, 906, 922, 955, 994, 998
Series length, 569, 570, 905, 929,

954, 998
star point, 1002, 1003, 1011

crosstalk–optical
optical trap, 190, 191, 192, 205

crystals
birefringence, 173
extra ordinary wave, 166, 174
ordinary wave, 167, 173
X–cut, 300
Y–cut

cumulative distribution function
(CDF), 564, 587

D
damping factor

electrical, 606
optical, 123, 155, 190, 191, 192, 344

dark current. See CNR.
dark CNR, 414, 416, 433, 557, 1022, 1024,

1038, 1039
direct broadcast satellite (DBS) TV, 4
distributed Bragg reflector (DBR).

See lasers.
dc offset. See constellation.
decimation, 81
decision directed (DD). See equalizers and

algorithms.
defocusing, 343, 345
delay flip flop (D-FF), 732
delta theta root mean square (rms) durms.

See jitter.
dense wavelength division multiplexing

(DWDM), 135, 159, 172, 231, 870,
871, 984

dense WDM, 176, 260
depletion capacitance, 318, 328, 432, 481
depletion region, 322
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desensitization, 994–996
detection, 694, 712
detector RF

average (true rms), 561, 582, 583, 584,
586, 1040

coefficient, constant, 814
detector log video amplifier (DLVA),

541, 542, 561, 584
tangent delta

differential gain (DG), 101
differential lines, 1007
differential phase, 101, 102–103,

112, 779
diffraction grating, 137
digital controlled attenuator (DCA), 45,

382, 517, 601
digital GND. See crosstalk electrical.
digital loop carrier (DLC) system, 31
digital signal processing (DSP), 587
digital subscriber line (DSL) system
digital transceivers. See transceivers.
direct modulation, 261, 274, 285, 297, 307,

830, 850, 875
direct recombination, 214
discrete cosine transform (DCT).

See MPEG.
dispersion, 122, 855, 893
dispersion shifted fiber (DSF), 846, 848
distributed amplifier. See amplifiers.
distributed element, 1009
distributed feedback (DFB). See laser.
dual parallel linearization.

see linearization.
dynamic range

automatic gain control (AGC), 585
optical, 938, 1019, 1021, 1035
receiver, 430, 546
saturation, 336
spurious free dynamic range

(SFDR), 366
threshold, 932

E
Eb/N0 vs. CNR. See CNR.
electron ionization coefficient, 350,

351, 427
electron mobility
elliptic filter. See filters.
end of life (EOL), 957, 966

error vector magnitude (EVM).
See constellation.

equalizers
adaptive, 701, 704–707, 714,

715, 717
blind, 741
decision directed, 706
decision feedback, 707–708, 711
feed forward, 707
linear transversal equalizer (LTE), 701
radio frequency (RF) RLC, 499, 501,

502, 503
RF up tilt RC, 498
zero forcing equalizer (ZFE), 704

equivalent input noise current (EIN).
See noise.

equivalent noise BW. See noise.
ethernet passive optical network (EPON).

See PON.
excess noise ratio (ENR), 838
excitation, 209, 216, 255, 292, 480, 784
external modulators, 301, 755

balanced bridge interferometer, 301
electro absorption, 303–304
ethernet, 6, 22
external phase modulation

(EPM), 851
Mach–Zehnder interferometer, 132,

180, 298, 767
traveling wave modulator, 301

extinction ratio (ER), 246, 246–249, 257,
592, 888–891

eye diagram, 288, 307, 472, 888,
889, 959

F
Fabry–Perot (FP) laser. See lasers.
fano limit, 485
Faraday effect, 164
Faraday rotator, 164, 165
fast attack slow release, 586
fast Fourier transform (FFT), 568
federal communication commission

(FCC), 587
feedback

AGC, 521–584, 599
amplifier, 464, 467, 469, 470, 496
linearization, 791–798
stability, 232, 599
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feed forward
AGC, 518–521, 557–560
linearization optical, 748, 784–791
linearization RF, 780–782

FF-AGC, 585, 560
fiber Bragg grating, 118, 148–163, 149,

173, 967
equalizer, 501, 502, 503, 510, 711
filters, 137, 173
optical CDMA, 173

fiber in the loop (FITL), 19, 225
fiber to the home, curb, building,

business, premises (FTTx), 6, 17,
185, 1038

fiber to the curb (FTTC), 4, 6, 31,
32, 34, 51

fiber to the home (FTTH), 4, 6, 7, 10
fiber to the premises (FTTP), 4, 18, 19,

20, 50
filters

band pass, 155, 201, 699, 766, 825, 967,
984, 1022

bessel, 905
duplexer, 44, 50, 994
elliptic, 44, 45, 406, 993
finite impulse factor (FIR), 696

first-order sigma delta, 734, 735
free spectral range (FSR), 139, 967
high pass, 43, 44, 650, 712, 906,

919, 930
infinite impulse fitter (IIR), 587
low pass, 14, 33, 42, 71, 75, 81, 264,

521, 699, 705, 712, 836, 905,
930, 993

optical, 64, 135, 137, 236, 1019, 1035
surface acoustic wave (SAW),

696–697, 701
flatness, 464, 471, 499, 502, 524,

771, 1027
flip flop (FF), 731
FM noise, 742
frame by frame decoding, 687
frequency division multiplexing

(FDM), 4, 819
frequency modulation (FM), 561
front end

receiver front end, 314, 410, 416, 419,
429–442, 517, 993

RF front end, 382, 431, 434, 699

full service access network (FSAN)
service, 18, 929
triplexer, 51, 180
wavelengths, 189, 192

G
gailos field (GF), 675
gain BW product, 349
gain compression, 278, 280, 282, 370

AM to AM polynomial coefficients,
397, 775

laser, 306
laser coefficients, 263, 282
RF, 44, 497

gain constant, 213, 544, 545, 546, 912
detector
negative temperature coefficient

(NTC), 52, 102, 600, 601, 602,
603, 605, 610

voltage variable attenuator (VVA),
504, 517, 519, 531, 540, 542

gain control circuit, 949, 950
gain margin. See control loop,

feedback.
gate bias. See bias.
gigabit interface converter (GBIC).

See transceivers.
gigabit passive optical network (GPON).

See PON.
grated index GRIN, 226
grating-assisted codirectional coupler with

sampled reflector (GCSR) lasers. See
lasers.

ground. See crosstalk electrical.
group delay, 701, 855

H
hamming distance, 685
hard decision, 687
harmonics, 279, 771, 772, 998
heterodyne, 343, 354, 358
heterojunction bipolar transistor (HBT),

371, 420, 461, 496, 770
high definition television (HDTV), 76, 78,

80, 111, 112, 564
high impedance, 331, 358, 443, 472, 487,

906, 1004, 1005, 1012
high pass filter (HPF), 43, 650, 712, 906,

930, 1034
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high pass filter (HPF) response, 734
Hilbert transform, 75
home phone networking alliance (HPNA),

6, 7, 33
housing

long carbon filter (LCF), 974
continuous carbon filter

(CCF), 975
crosstalk. See optical or electrical

crosstalk.
multisource agreement (MSA), 47, 594,

595, 979, 981
shielding, 974–975

hybrid fiber coax (HFC), 6, 10–13, 42,
55, 226, 386, 517, 667, 699, 851

I
image reject, 662
index guided. See lasers.
infinite impulse response filter

(IIR), 587
integrated solution, 698

integrated triplexer (ITR), 49, 50,
54, 179

integrated triplexer to the curb
(ITC), 54

integrated telecommunication union
(ITU), 6, 692

inter symbol interference (ISI), 905
intercept point, 366, 367

IPn, 367, 368, 369
second-order intercept point (IP2), 366,

377, 397, 700
third-order intercept point (IP3), 343,

366, 371, 377, 397, 700
interferometer, 132, 157, 180, 298,

301, 767
interleaver/deinterleaver, 677–679
intermodulation, 98, 209, 277, 285, 343,

365, 366, 379, 387, 496, 641, 698,
757, 824, 993, 1018

internet protocol (IP), 23
intrinsic region, 314
inverse fast Fourier transform

(IFFT), 568
ion exchange, 180
ionization coefficient, 904
isolation, 1000, 1004
isolator, 165, 173

J
jitter, 645, 712, 716, 720, 721, 915,

916, 917
delta theta rms Durms, 712, 722, 727,

742, 896
phase noise, 293, 294, 296, 649, 663,

712, 720, 724, 742
timing jitter, 896–899, 899, 921

junction, 324
PN, 322, 323, 324
PIN, 49, 320, 327, 328, 336, 343, 477,

481, 504, 930
junction capacitance, 327

K
Kirchoff current law (KCL), 612
Kirchoff voltage law (KVL), 612, 762

L
Laplace transform, 731
lasers

buried heterostructure (BH), 216, 265
distributed Bragg reflector (DBR), 219,

220, 221, 223, 224, 227, 228, 231,
232, 233, 234, 240, 241, 242, 255

distributed feedback (DFB), 209, 210,
219, 220, 221, 222, 223, 224, 231,
232, 233, 237, 240, 241, 255, 256,
261, 262, 266, 282, 283, 297

dynamics, 261–312
Fabry–Perot (FP), 209, 210, 213,

216–218
gain guided, 209, 214, 215, 216,

229, 254
grating-assisted codirectional coupler

with sampled reflector (GCSR),
240, 242, 243, 244, 245

index guided, 209, 214, 216, 254
large signal model, 264, 272, 273
line width, 232, 275, 296, 297
mode hoping, 849
multiple quantum qell (MQW), 225
Nd yttrium aluminum garnet

(YAG), 781
phase noise, 293, 294, 295–297, 296,

307, 663, 712, 724, 742
population inversion, 212, 214, 254
quantum well, 209
radio frequency (RF) model, 209
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lasers (continued )
rate equations, 262, 263, 264, 266, 282,

291, 292, 293, 306
relative intensity noise (RIN), 293–297,

307, 421, 424, 809, 825, 843, 844,
846, 873, 900, 902, 921

relaxation oscillation, 261, 264, 267,
268, 269, 270, 271, 275, 277, 278,
279, 282, 295, 296, 297, 306, 307

side mode suppression, 241
slope efficiency, 246–249, 250, 251,

253, 257
small signal model, 271, 357, 462
stimulated emission, 209, 210, 211, 214,

253, 262, 264, 273, 282, 294
vertical cavity surface emitting laser

(VCSEL), 209, 210, 227, 228, 229,
230, 231, 234, 236, 240, 241, 256

lasers–tunable, 209
distributed Bragg reflector (DBR),

219–224, 227, 228, 231, 232–234,
240, 241, 242, 255, 256

grating-assisted codirectional coupler
with sampled reflector (GCSR),
240–246

open architecture, 256
wavelength locker, 52, 53, 966–970,

984
layers model, 24

first layer protocol (L1P), 24
least mean square (LMS). See algorithms.
lenses, 191, 192, 193, 200, 201

aberration, 190, 191, 195, 198, 200–201,
205, 343

coma, 201
spherical lense, 191, 192

limiter, 835
linearization, 264, 748, 755, 759, 780–782,

784–791, 791–798
back to back, 797
dual cascade, 784–791
dual parallel, 782, 784
feedback, 209, 255, 261, 461, 464,

467–471, 509, 535, 586, 602, 671,
679, 702, 765–769, 791–798, 930,
931, 951

feed forward RF, 780
feed forward optical, 711
preclipping, 834

predistortion, 755, 756, 759–765,
770, 835

push pull, 41, 336, 494, 770, 774, 775,
778, 779

reflective transmission line (RFL), 779
link, 46, 807, 808, 873

budget, 873
carrier-to-noise ratio (CNR), 12, 41, 98,

99, 101, 290, 384, 386, 413, 414,
416, 420, 422, 423, 425, 449,
559, 873

distortions, 261, 386, 759–765, 806, 848
minimum detectable signal (MDS), 902
noise, 808–810, 817

lithium niobate modulator. See external
modulator.

load line. See bias.
local oscillator, 72, 354, 630, 667, 699
loop transmission. See control loop.
low-pass filter (LPF), 732
low side band (LSB) toggling, 585
lumped elements, 302

M
Mach-Zehnder interferometer (MZI), 132,

180, 298, 308, 767
Manchester. See codes.
matched PIN VVA, 504–507
MathCAD, 566, 765
MATLAB, 566, 569, 570
MATLAB code for PAR, 570
MATLAB code for SAR, 576
max likelihood, 682
Maxwell equations, 1000
metal shield, 975
micro electro mechanical system (MEMS),

232, 234–236, 238, 256
minimum detectable signal. See link and

crosstalk.
mismatch, 389

I/Q mismatch, 567
impedance, 247, 404
mismatch effects, 389–391

mode partition noise, 290, 293, 893
mode suppression ratio (MSR), 220, 255
modulation, 87, 227, 230, 246, 250, 261,

271, 279, 375, 650, 818
amplitude (HUM), 101
amplitude modulation (AM), 562
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bit error rate (BER), 290, 654, 656, 659,
724, 819, 829, 836, 847, 886, 887

constant envelope, 561, 652
cross phase modulation (XPM),

806, 876
direct modulated laser (DML), 261
error vector magnitude (EVM), 638,

650, 653, 660, 661, 664
external modulated, 233
extinction ratio (ER), 246–249, 257,

592, 891, 938
frequency modulation, 261, 967
M ary QAM. See QAM.
modulation error ratio (MER), 653, 661,

664, 720
multitone, 812, 1023
on–off keying (OOK), 8, 342, 859, 933
optical modulation index (OMI),

246, 271
quadrature amplitude modulation

(QAM), 80, 111, 629, 632, 633,
651, 654, 692, 845

vestigial side band (VSB), 59, 68, 71, 95,
111, 667, 818, 874

modulation error ratio (MER). See
constellation or QAM.

modulator, 69, 72, 301, 303–304, 305, 308,
630, 641, 698, 755, 785

balanced bridge interferometer, 301
external modulator. See external

modulator.
quadrature phase shift keying

(QPSK), 44, 72, 629, 641, 667,
694, 698, 700

modulator/demodulator
(MODEM), 587

moving picture experts group (MPEG), 80,
81, 83, 86, 87, 90, 667, 668–669

decimation, 81
discrete cosine transform (DCT), 83
intra, 84
MPEG1, 80, 81, 83, 86, 87
MPEG2, 86, 87, 88, 89, 90, 91, 92, 93,

101, 675
picture element (PEL), 61

multi source agreement (MSA), 47, 594
multichannel multipoint distribution

system (MMDS), 29, 277
multiple quantum well (MQW). See lasers.

multiple reflections, 210, 613, 849, 863, 978
multiplexer/demultiplexer

(MUX/deMUX), 147, 869
FDD
frequency division multiplexing (FDM),

4, 819
time division multiplexing (TDM), 927
wavelength division multiplexing

(WDM), 4, 17, 23, 25, 32, 131, 132,
150, 172, 871, 978, 984

N
national television systems committee

(NTSC), 561, 564, 587
negative feedback, 602
network analyzer, 442, 1033, 1034, 1040
noise

bipolar junction transistor (BJT), 760
complementary metal oxide semi-

conductor (CMOS), 766, 960
correlation coefficient, 448
Flicker 1/f, 411, 412
metal-semiconductor field effect

transistor (MESFET), 413, 456, 467
mode partition, modal, 286, 287, 290,

292, 891–895, 921
noise burst, 80, 679
noise equivalent BW, 405, 409, 443
noise figure, 478, 508, 548, 556, 560
noise over gain (NOG), 737
noise power ratio (NPR), 44
noise rejection vs. over sampling ratio

(OSR), 739
noise resistance, 448, 459
Nyquist, 534, 535, 696, 740
quantization, 728, 743
receiver, 215, 994
relative intensity noise (RIN). See lasers.
shot, 410–411, 414
thermal, 408, 414, 428

noise transfer function (NTF), 731, 733,
739, 743

nonlinear distortions (NLD), 98, 261, 341,
810–837

number of levels (NOL), 726, 727
number of steps (NOS), 726, 727
numerical aperture, 867
numerical example, 40, 436–437,

774–778
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numerically controlled oscillator
(NCO), 701

Nyquist sampling criterion, 702

O
on–off keying (OOK), 8, 342, 859, 933
open architecture. See tunable lasers.
open loop (loop transmission (LT)), 534
operational amplifier PIN TIA, 479
optical cross talk. See cross talk optics.
optical fiber non linearities
optical loss, 119, 210, 214, 806, 807
optical modulation index. See modulation.
optical modules

bulk optics. See bulk optics.
planar lightwave circuits (PLC), 180,

181, 182, 183, 186, 187, 203,
204, 967

receiver optical subassembly (ROSA),
46, 48, 49, 54, 927, 971–980,
1005, 1006

transmitter optical subassembly
(TOSA), 46, 48, 49, 54, 927, 971,
973, 975, 977, 978, 980, 984, 1006

triplexer. See also bulk optics.
optical signal-to-noise ratio (OSNR), 973
orthogonal frequency division multiplexing

(OFDM), 569
over sampling ratio (OSR), 729, 739, 743

P
packaging

butterfly, 47, 970
gigabit interface converter (GBIC), 47
10 gigabit small form pluggable (XFP),

47, 979
multisource agreement (MSA), 47, 594,

595, 981
small form factor (SFF), 47, 972, 976
small form pluggable (SFP), 47, 973,

975, 977, 978, 984
parity, 91, 674, 675, 740
peak envelope power (PEP), 561
peak to average (PAR), 541, 564, 565, 568,

570, 587, 634, 635
peak to rms, 586
phase locked loop (PLL), 737

phase noise, 734

phase noise, 220, 293, 294, 295–297, 307,
646, 649, 663, 712, 720, 724, 742

optical, 297
radio frequency (RF), xxix

photodetector (PD), 40, 41
avalanche photo detector (APD), 320,

346, 347, 348, 349, 350, 351, 352,
358, 426, 427, 428, 973

junction capacitance, 327
linearity, 397
matching, 1003–1004
noise model, 426–429
pickup inductor, 41, 331, 332, 335,

438, 510
PIN junction, 322, 324, 325
PN junction, 322, 324
quantum efficiency, 253
responsivity, 316, 344, 356
small signal, 226, 264, 266, 269, 271,

282, 306
stray capacitance, 430, 437
transport time, 270, 318, 324
wavelength selective photodetector,

609–623, 971
operation and maintenance

(PLOAM), 945
power spectral density (PSD) 728, 729
power supply rejection ratio

(PSRR), 961
preamble, 741, 930, 932, 981
pseudo-random beat sequence (PRBS),

922, 955, 994
pulse repetition frequency (PRF), 63
pulse repetition interval (PRI), 63
preclipping. See linearization.
predistortion. See linearization.
probability density function (PDF), 587,

564, 565
processing gain, 691
protocol

internet, 23, 25
model, 22–25
stack, 24, 510

pulse coded modulator (PCM), 732
block diagram, 734

puncture convolutional code, 744
push pull receiver, 336, 778

amplitude balance, 637
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balanced to unbalanced (BALUN),
41, 774

phase balance, 638, 641, 772, 774

Q
Q function
quadrature amplitude modulation (QAM),

586, 587, 564, 565, 568, 569, 570
quadrature phase shift keying

(QPSK), 567
quadrature phase shift keying (QPSK)

modulator, 72, 697
M ary QAM, 629, 654, 657, 659, 662,

675, 817
pulse-amplitude modulated (PAM), 654

quantization noise, 728, 742
quantization process, 729
quantum efficiency, 213, 253
quantum limit. See CNR.
quasi static regime

R
radio frequency back off, 587, 568

detector, 586
front end, 382, 431, 434, 699

Raman scattering, 858, 875
randomizer, 90, 111, 667, 739
rate equation, 262, 263, 264, 266, 270, 280,

282, 291, 292, 293, 306
Rayleigh scattering, 119, 842
receiver

analog, 40, 41
digital, 46, 189, 190, 477, 714, 885,

1034, 1035
noise. See noise.
return path, 43, 44, 46

recombination
augar, 213, 244, 253
direct, 214
indirect, 214

Reed–Solomon, 667, 674
reflective transmission line (RFL), 799
refraction index, 120
relative intensity noise (RIN), 809
relaxation oscillation, 261, 264, 267, 268,

269, 270, 271, 275, 277, 278, 279,
282, 295, 296, 297, 306

residual AM, 585

resistor inductor capacitor network (RLC),
269, 306, 499, 501, 502, 503

responsivity. See photo detector.
resistance capacitance (RC), 510
retardation locked loop (RLL), 765
return to zero. See codes.
root mean square (rms), 563, 586, 730

S
sample-to-average ratio (SAR) 587, 569,

570
saturation

current, 230, 234, 319, 320, 353, 411,
416, 425, 508, 770

power, 7, 45, 123, 245, 248, 420, 560,
581, 808, 833, 871, 899

state (AGC), 830
scattering parameters (S parameters), 442,

451, 453, 466
Schotkey noise (shot noise).

See noise.
second order sigma delta, 737
semiconductor laser. See laser.
SFE, 564
SFU, 564
small form factor (SFF).

See packaging.
small form pluggable (SFP).

See packaging.
sigma delta (SD), 729, 731, 736
sigma delta NTF, 732
sigma delta demodulator, 732
sigma delta modulator, 731
SD noise shaping, 736
sigma delta loop (SD loop) 737
sigma delta order (SD order) 737
signal constellation, 689
signal to noise ratio (SNR). See CNR.
signal transfer function (STF) 731, 733
silicon optical bench, 980
slope efficiency. See laser.
Smith chart, 246, 247, 331, 332, 333,

358, 442
smoothing low-pass filter (LPF), 732
soft decision, 686, 687, 688
spatial hole burning (SHB), 279, 280,

281, 282
spectral hole burning (SHB), 226

Index 1053



spurious free dynamic range (SFDR).
See dynamic range.

square root raised cosine (SRRC)
567, 568

star coupler. See coupler.
state diagram, 683, 684
stimulated Brillouin scattering (SBS).

See laser.
stimulated emission, 209, 210, 211,

214, 253, 262, 263, 264, 273,
282, 294

stimulated Raman scattering (SRS),
858, 875

super heterodyne receiver, 73, 668, 689
symbol by symbol, 688, 709
sync peak, 587
synchronous digital hierarchy (SDH),

25, 26
synchronous optical network (SONET),

11, 25, 26, 27

T
take over gain (TOG), 738
tangent delta. See detector RF.
thermal equilibrium, 409, 410
thermal noise. See noise.
thermistor NTC, 603, 609
thermo-electric cooler (TEC), 165, 166,

226, 248, 591, 592, 594, 595, 596,
598, 599, 602, 603, 604, 605, 607,
608, 609, 614, 620, 622, 624

threshold, 217, 585
time division multiplexing access

(TDMA), 8, 12, 649, 927, 962
timing jitter. See jitter.
timing recovery, 707, 715
traceback, 687, 690
transceiver, 46, 48, 50, 929, 980, 1006

10 gigabit small form pluggable
(XFP), 47

gigabit interface converter
(GBIC), 47

integrated triplexer (ITR)/integrated
triplexer to the curb (ITC), 54

small form factor (SFF),
972, 976

small form pluggable (SFP), 47, 973,
975, 984

multisource agreement (MSA),
594, 595

transfer function, 525, 527, 528, 538,
764, 914

transmitter, 43, 44, 45, 46, 243,
246, 798

analog CATV, 12
digital, 46, 48, 710, 945
return path, 43, 44, 46,

51, 54
transponder, 52, 53, 971, 984
transport time. See photodetector.
traveling wave modulator.

See external modulator.
Trellis code. See coding.
Trellis diagram, 684, 687
two tone test, 342, 1018

U
up link, 4, 5, 11
up stream, 11, 46, 51

V
vertical cavity surface emitting laser

(VCSEL). See lasers.
video signals, 11, 63, 97, 101

aural, 56, 57, 562, 631
blank, 63, 232, 840
horizontal, 59, 110
moving picture experts group (MPEG).

See MPEG.
National Television Systems Committee

(NTSC), 55, 56, 61, 67, 68, 70, 92,
94, 110, 393

phase altered line (PAL), 55,
68, 110

sequential color with memory in french
sequentiel couleur avec memoire
(SECAM), 55, 68, 110

vertical, 58, 59, 102, 209, 226
vestigial side band (VSB).

See modulation.
Viterbi algorithm, 682
voltage controlled oscillator (VCO), 711,

715, 734, 737, 913, 920
voltage variable attenuator

(VVA), 586
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W
watchdog, 53
waveguide, 142, 236, 1010
wavelength, 6, 9, 52, 189, 255, 261, 611,

856, 861, 872, 967, 970–971
wavelength division multiplexing (WDM).

See multiplexing.
wavelength locker. See tunable

lasers.
wavelength selective photodetector.

See photodetector.

X
10 gigabit small form pluggable (XFP).

See packaging or transceivers.

Y
Y branch. See couplers.
YAG laser. See lasers.

Z
zero forcing (ZF). See algorithms.
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