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Wave Propagation
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AlGaAs Refractive Indices
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INnGaAlAsP Refractive Indices
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Goal

Establish semiempirical close form
formulas for n. of arbitrary,
unstrained, ternary and guaternary
compounds that is valid from well
below band gap to well above

band gap

Extendable to strained and QW
layers




Maxwell’s Equations
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Dilute Damped Harmonic
Oscillators
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Kramers-Kronig Relations
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Interband Absorption

Theoretical models before broadening
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INnclusion of Broadening

®The Coulomb enhanced
Interband absorption must be
convoluted with a line-shape
function to Include broadening

®T0 obtain close-form results,
piecewise linear approximation
to the theoretical curve Is used




Result for Lorentz broadening
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Double-Lorentzian
Line Shape

T, /(27)

Lorentzian : 1= _ :
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Double Lorentzian :
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Line Shape Comparison
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GaAs Double-Lorentz Fitting
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INP Double-Lorentz Fitting

12000 L ™ Absorption data of InP (W.J. Turner)

Our Double-Lorentzian
Model (b=12meV)
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INP High-Energy Spectrum

Further simplification of Sellmeier’'s equation [ ' T
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Composite Model for a

Single oscillator model Our model
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GaAs K-K Transform Result

Refractive Index n
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INP K-K Transform Result

Refractive Index n
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INP High-Energy Spectrum
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Reflectance p

r = p-exp(i0) = (n-ny)/(n+n,), Equivalent K-K relations for p and 6.

M. Cardona, in “Optical Properties of Solids”,
Nudelman and Mitra, ed., Plenum (1969)




Quantum Confined Stark Effect

Photocurrent (a. u.)
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Electroabsorption (Aa)
Electrorefraction (An)

/

K-K
transform
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K-K Transform: Ao = An

Ag, +1Ag, =2n,An

CAcx AN
=2n,| An_+1 =2n,| An_+1
20 A7

Aa(w')
0 » '2—0)
Aa(w) = —% OOO aA)an&;) dw

AN (@) =—P dew
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Chirp

Linewidth broadening parameter in
lasers:

B _A4z(dn. )  4z(dn,
dn. A (d« A\ dg

Chirp parameter
In lasers and 2(6w, )

modulators: C= {1 @p} - T




Optical Fiber Group Index
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Waveguide Dispersion

n; = constant
Plane waves

propagating—_
in core

1 d n g Guided

—_ | wave n, = constant

modes
C d ﬂ/ Unguided plane

wave propagating
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Combined Group Index
Dispersion

cl\ dA

Dispersion [ps/(km-nm)]
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Consequence of Chirp

°

A = 1555.831 0.02 A/Div

20ps/Div

ni.;n;nn
T Tt

1555.831 0.02 A/Div

a

(a) )

= +03 After
200 km of

o ‘ standard
fiber

(©) (d)

D. A. Fishman, J. Lightwave Technol., 11, 624 (1993)




Bit-rate-distance Product

BL [(Gb/s)-km]
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From Fiber-Optic Communication Systems, G. P. Agrawal (1997)




Dispersion shifting
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4-wave Mixing Signal

FOI’ (Dijk:mi-l_wj-mk’ AB:Bi-I_Bj-Bk_Bijk

2 2
D.. N R

ForL<<m/AB, P, ~ —%,|ppp S (1 © )
g 3 7] A a2+(A,8)2

D;; = 3 for two tone mixing, = 6 for three tone mixing

y : nonlinear coefficient (o«c x©))




4-Wave Mixing & Dispersion
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Chirp in DFB Lasers
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Chirp Performance

 For laser diodes
— ~-6 2 -3
e For electroabsorption
— ~-2 2 -0.6
e For Mach-Zehnder’s driven In
push-pull mode :
— ~ -2 20 =22, controllable
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Theoretical Basis of K-K
Relations-1|

€® The polarization generated in an optical medium that is made
up of equivalent damped harmonic oscillators in response to
an electric field is given by
2
e"f;N; /&m;

Pe — —
Eap)

2 2
& | o -0 —12IN o

®Here [; > 0, and y(»), analytically continued to the entire
complex o plane, has no pole in the upper half plane. The impulse
response of the system is given by the inverse Fourier transform
of y,

T(t)= %jﬁ:;{(w) exp(—iwt)dw

€ A contour integral over the upper half o plane yields T(t<0)=0,
I.e. the induce polarization does not exist before the appearance of
the electrical impulse.— Causality 1% 7 # %, B 7 g»




Theoretical Basis of K-K
Relations-11

€ Analyticity of y(®) in the upper half plane means

1 A lm o =0y
L ppezle) g, z@) C o
271l 7 o'—-w 2
=— 1_ Z(a))da)'z()(R—)oo)
271 'R o'—w -~ - e 0 =g

€ Equating the real and imaginary parts results in K-K relations.

Passive medium

= y(w) analytic in the upper half plane

= Causality = K-K relations




Conclusions

o, N, dispersion, and chirp are key
parameters in opto-electronic
technologies

e Experimental spectrum of o (or Aa)
allows one to obtain n (or An)
through K-K transform

e Experimental verification of K-K
relations between n and o (in
frequency domain) amounts to a
confirmation of the concept of
causality (in time domain)




UELREE) Lo

. ]‘_é‘_ l’fl._]j\ : 5272 9 4 : 5 25TH ANNIVERSARY EDITION
woh, B2 e o
s BT, JTEFZ T

4 FLE G s

[ ]

i
5l =
>
A=

[}
‘u\g
{435
JRie
N
C‘\"
01"
—
g:
N+
m
—y
N

Vo
v’%a
(e

G
i
D




