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

Material ¢,(LF) [.9,,(LF)]1/2 n(atd)  Comment

i 119 34 3 A (at2.15um)  Electronic bond polarization up to optical frequencies
Diamond 3.7 239 241(at3%0nm)  Electronic bond polarization up to UV light

(aAs 131 362 330(atspm) [onic polarization contributes o &,(LF)
(

510 s 200 [46(at600nm)  lonic pblarizatinn contributes o &(LE)
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n(hv) = n_,(hv)~% + ny + n,(hv)? + ny(hv)*

(.GJA‘ (_’J! dala (pa ‘;‘:“3: Nn_,,Ng, Ny, Ny 3 03:"95'“ Adlh hv ‘i‘:‘a‘
:Sellmeier & «iddl) 3 e
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TABLE 1.2 Sellmeier and Cauchy coefficients

Sellmeier Aq Ay As A (pm) A (pum) Ay (pum)
5105 (fused 0.696749 0.408218 0.8908135 0.0690660 0.115662 9.900559
silica)
86.5%S105- 0.711040 0.451883 0.704048 0.0642700 0.129408 9.425478
13.5%GeO,
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?) g n, (eV 2 ny eV
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 X 107°¢ 4.003 27 % 107! 14 % 107!

Source: Sellmeier coefficients combined from various sources. Cauchy coefficients from D. Y. Smith ef 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
transmmitted (refracted) or reflected. (a) &; < 6, (b) #; = 8. (c) #; > 8, 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) #; > 6. then
the incident wave suffers total internal reflection. There is a decaying evanescent wave into the ny-medium.
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Qg pdla 8 palaial ey (b) JSad) A& palaial) e £ ol 138
Byl o dadinall AU @) KAl Jadi g 5 kil S J8 sl Cilall
L (G 9i gdl) S asa Ao dalay ESIN dbas e L (58l JoldS
Al A LS ddle cund (e-t) cllill 3.8 gal) il g3 5811 (aliaia) Alaial

O 98 Aablusa Zliad ¥ Al piilia AUs Juald fd 8 ol CilasY (a)



(LIGHT EMITTING DIODES (LED) ) s.sall &L} 4Ll 14,3 65 681) 8 ¢!

S Juald g3 BU Ciual (e pn Ada g @i 4l Lubud A (LED) s geall die L) 4l
Al | gigh huay pudia Gl - (g S]] LU aladll 4sd ) 5 GaAS Jie il

(a) B4 ek, Eg (Al Jualdll e ) 4 ghsa LS hy aliall (g5 6
th&SQnM\@?ﬁigﬂ\ijﬁé pn+:ﬁmﬂz\§u\b&
QJJQ\ﬂY\ML«\h@cM@}“J}EuﬁQ S Shmua EF‘;AJ& &M.Pm‘

(o Ll Sidi pliadl) ciliad dBhaia | ((Ssalind ga 58 ) 551) qulalia

. p Adhidl 8 Ec ) n dlhidl A Ec eV, 058 Jals guully | P ABhial)

Electron energy

Lo [F
RIE EF*JMIE

. . -l
F T Eg
. L
[ﬂf'
E,
I
[

—> Distance into device

® Electron in CB
C Holein VB

56



La 1 « VO - V () el VO ASlal) ¢ gasl) ¢ V 3 jdila i (uday Lanic
o g LaS p dllaiall JA13 Lgia ay La JLEENL n4 Alkial) (pe cilig 5SDU s
ddhaiall JAl ) p A8hial) (pa 4 glaall Bl A8 ja | JSEN (e (D) B

. p Adhid) ) n+ dllalal) (pe 4 ghaal) @il g SSY) AS 1o 00 BT A N+

Electron energy

p : nt
[T FJ\EMI_!_Q_D_Q_!
Ea i I
E, ! E,
Fl|-f------- m====- --{ | &
|

—> Distance into device

® Electron in CB
C Holein VB

57



LA Jsb ol ada o g pladl) ciliad ABhie & 45 ghaal) il g fSlY) alal
D) Gl Cuwa @il ¢ 68l gl P S8 p dakatall gﬁ Le <lig A<ty

Ca Al (il - (9 ASt)) Lyl aladl) (e BB} ¢ guall jlual 3 all | SLELY
alaily) dlead duilaa) daglal) Aol oty Al <l GBI and 48Y) colalal)
Al Ay Ayl gde cilalad) B (o8 dnyial) QU ¢ gl g cilig A
el g A sl of Aadal) @il o g8l e Sy (19S5 O g & guall ALyl
0988 O g Al A L 13y B g Balall (e Lgwalualial Bale) i ) () 9
Balall 5 _laia cBlua g Jlaxiad) g gl (AS) Loy dBuda p ddlalal)

Light output

I— Epitaxial layers




59

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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Figure 14.7 | I-V characteristics of a
pn junction solar cell.
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