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TABLE 1.1 Low-frequency (LK) relative permittivity &.(LF) and refractive index

Material &,(LF) [.9,,(LF)]1/2 n(ad)  Comment

Si [19 34 34)(at2.15um)  Electronic bond polarization up to optical frequencies
Diamond 5.7 239 241(at5%0nm)  Electronic bond polarization up to UV light

(aAs [31 362 330(at3 pm) lonic polarization contributes to &,(LF)
[

510 38 200 [46(at600nm)  lonic pblarizatinn contributes to £(LF)
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P e \ B  C
A B (a AT S A, B, Coan(d) =A+ 5+
: (General Cauchy equation) 4aerall & o<1 il 3 jle

n(hv) = n_,(hv)™? + ng + n,(hv)? + ny(hv)?
s A M Bala G B Sl En_y, ng, Ny, Ny § OFAN Ak by s
:Sellmeier < «iddl) 3 le

A A? Ay A° A3A?
n?() =1+———+— s ——
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TABLE 1.2 Sellmeier and Cauchy coefficients

Sellmeier Aj Ay Aj A (pm) A (pum) Ay (pm)
Si0; (fused 0.696749 0.408218 0.890815 0.0690660 0.115662 9.900559
silica)
86.5%S10,-  0.711040 0.451883 0.704048 0.0642700 0.129408 9.425478
13.5%Ge0,
GeO, 0.80686642 0.71815848 0.85416831 0.068972606 0.15396605 11.841931
Sapphire 1.023798 1.058264 5.280792 0.0614482 0.110700 17.92656
Diamond 0.3306 4.3356 —~ 0.1750 0.1060 -

Range of
Cauchy hv (eV) n_ (eV?) 1 1y (eV?) iy (eVY)
Diamond 0.05-547 -107 x 10° 2378 801 X 107 1.04 x 107
Silicon 0.002-1.08 —204 X 108 34189 815X 107 125X 107
Germanium  0.002-0.75 ~10 ¥ 107 4.003 29 % 107! 14 ¥ 107!

Source: Sellmeier coefficients combined from various sources. Cauchy coefficients from D. Y. Smith et al., J. Phys. CM, 13, 3883, 2001.
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FIGURE 1.12 Light wave travelling in a more dense medium strikes a less dense medium. Depending on the
incidence angle with respect to 8., which is determined by the ratio of the refractive indices, the wave may be
transmitted (refracted) or reflected. (a) 8; << 8. (b) 8; = 8, (c) #; > 6. and total internal reflection. (Wavefronts
are only indicated in (a).)
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FIGURE 1.15 Light wave traveling in a more dense medium strikes a less dense medium. The plane of incidence
is the plane of the paper and is perpendicular to the flat interface between the two media. The electric field is normal
to the direction of propagation. It can be resolved into perpendicular (1) and parallel (//) components. (a) 8; < 6,
then some of the wave is transmitted into the less dense medium. Some of the wave is reflected. (b) #; > . then
the incident wave suffers total internal reflection. There is a decaying evanescent wave into the ny;-medium.
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(a) Photon absorption in a direct bandgap semiconductor. (b) Photon absorption in an indirect
bandgap semiconductor (VB, valence band; CB, conduction band).
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(a) Photon absorption in a direct bandgap semiconductor. (b) Photon absorption in an indirect
bandgap semiconductor (VB, valence band; CB, conduction band).
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Toble 6.2 Selected LED semiconductor materials

Semiconductor Active Layer Structure Dorl A(nm)  feuerna (%) Comments
GaAs DH D 870-500 10 Infrared (IR)
Al Ga_; As (0 < x <04) DH D 640-870 3=20 Redw IR
Inj_xGagAs,Py_y DH D 1<lépm =10 LEDs in communications
(y#22.20x,0 < x <047)
Ing s9Al; Gag 1P DH D 590-630 =10 Amber, green, red; high
luminous intensity
InGaN/GaN quantum well QW D 450-530 5-20 Blue 1o green
GaAs|-,P, (y < 0.45) HI D 630-870 <1 Red to IR
GaAs)—yPy (v = 0.45) HJ 1 560-700 < Red, orange, yellow
(N or Zn, O doping)
SiC HJ l 460-470 0.02 Blue, low efficiency
GaP (Zn) HJ 1 700 2=3 Red
GaP (N) HJ I 363 < | Green

NOTE: Optical communication channels ore of 850 nm (locol network) and of 1.3 and 1.55 em (long distance).
D = direct bandgop, | = indirect bandgop. fesend is typical ond moy vory substontially depending on the device

structure, DH = double heterostructure, HJ = homojunction, GW = quantum well,
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