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Appendix B

Refractive indices

B.1 Refractive index definition

The refractive index of a material is defined as

n=— (B.1)
Vph
in which c is the speed of light and v, is the phase velocity of the light in the material.
The light propagation is described by:

Ul(z) = Uge I1koz (B.2)

in which ky is the wavenumber in vacuum. Wave propagation in media with absorp-
tion or gain can be described with a complex refractive index n,

Ne=n-jK (B.3)

in which n is the refractive index as defined above and the imaginary part « describes
the absorption. It is called the extinction coefficient, often denoted as k, but to avoid
confusion with the wavenumber k we use the Greek letter k. Positive values of x de-
scribe absorption, negative values gain. The propagation of a plane wave in a medium
with refractive index n is described by:

Uz) =Uje 7% =Uje *e 1Pz
with a =21k/Ay
ﬁ = 27m//10
and I(z2) =|U(2)|* = UZe 2%*

(B.4)

Note that a denotes here the extinction coefficient of the field and z,,, = 1/a isthe 1/e
absorption length. The optical light intensity is described by I(z) = Ipe 2**. For the
intensity the 1/e® absorption length equals the 1/e absorption length: z;_;,,2 = 1/a.

B.2 Refractive indices in the C-band (around 1550 nm)

In the literature there is a fairly wide variation for refractive index data of InGaAsP semi-
conductor materials. In this appendix we list the values that are used for the JePPIX
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Refractive indices

Table B.1: Refractive indices of some PIC materials in the C-band (@1550 nm) as used
by Smart Photonics (SP) and Fraunhofer HHI.

Material n K
Sp! | HHI | SP HHI
InP 3.17-0.12(A-1.55) | 3.17
Q1.06 3.26
Q1.15 3.39 0.0096
Q1.25 3.36—-0.23(1 —1.55)
Q1.3 3.41 0.0173
Q1.55 3.69
InGaAs 3.74 3.78 0.29 0.1054
SiO, 1.443
SiN 1.996
BCB 1.539
Titanium 3.782 4.42
Platinum 5.35 7.05
Gold 0.39 10.98

Table B.2: Effect of doping on InP properties (approximate)

Material | N(cm™) | A(dB/cm) | 2a(cm™) [ An K
n-InP 3.1077 1.2 0.3 -0.002 | 4-10°
n-InP 5.1017 2 0.5 -0.003 | 6-10°°
n-InP 1.10™8 4 1 -0.007 | 1210
p-InP 3.1077 30 7 -0.002 | 8107
p-InP 5.1017 50 12 -0.003 | 14-107°
p-InP 1-10™8 100 24 -0.007 | 28107
n-Q1.25 | 6-10' 0.25 0.06 ~0 7-107
p-Q1.25 | 1.1077 10 2.4 -0.0006 | 3-107

foundry platforms Smart Photonics (SP) and the Fraunhofer Heinrich Hertz Institut
(HHI). It is noted that measured values show some dependence on the specific mea-
surement methods and equipment, and on the configuration in which the material is
used. For applications that are critically dependent on accurate refractive index values
more extensive measurements are required.

More information about refractive index values and other optical constants can be
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LRefractive index values for InP-based semiconducors are taken from [227] and for dielectrics and metals
from [228].
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