Chapter 7: Dielectric Waveguides

*‘7.3:

a) V= kgd\/nguide — 02 adding = T (0-4pm) V347 — 3.27 = 1.86 (A3.12)
a=40

b = 0.40 from Fig. A3.2

Solve Eq. A3.’1_2 for m

7= y/n2 +b(n2 — n2) = \/3.22 + 0.40(3.4% — 3.2%) = 3.281
#; = tan~! (%)

= tan™! -——-—-~—k0ﬁ

ko ng — 72

et ( 3.281 )
B V/3.42 — 3.9812
=T74.7°
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b) For the same 6;, @,a, and b, we have, from Fig A3.2 , for. m=1,

V=58
Vv 5.8
d= = =124pym (A3.12)
ko\/ng —n? TR V34r-3.22
C
! gz Mamna | 3280 0 0a0 010 (A3.12)
—ngwnzz—.3.42—3.22_ e ’
b=0.40
From Fig. A3.2,
V=22
|4 2.2
d= = —5 = 0.47pum (A3.12)
ko\/ng —n? 1.525um‘/3‘42 -3.2%
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* 7.4:

As described by Fig. 7.13, modes occur at resonances of the layer structure. The resonances can be
found by using the transmission matrices of chapter 3 (see Table 3.3).

Chapter 7: Dielectric Waveguides

Assuming lossless material, the propagation matrices are given by

ej.ele 0
T = [ 0 e—m.m]

where

fi=he= VB H=t/w -7
Lt =distance of propagation (i.e. thickness of layer).

- The reflection matrices are given by

The reflection values shown in Fig. 7.13,

T - 'I;JGTT‘,I TplﬂngpzTrgl TplTl'jQ

Modes of the waveguide structure occur for
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Figure 7.4, Effective index vs. central layer thickness
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* 7.5:

For perfectly reflecting boundaries placed at 30um, r = —1. From Table 1.1, n(GaAs at 1.0pm)= 3.52
and n(Al ,Ga gAs at 1.0um)= 3.39. This layer structure is shown in Fig. 7.11.

Solve for guided modes:
Guided modes can be solved for as done in Appendix 3. Using Eq. A3.12 and Fig. A3.2, we find that

V = 22-(0.3um)v/3.522 — 3.392 = 1.79 ‘

1.0pm
So there is one guided mode.
b=10.36

7 = /3.392 + (0.36)(3.52% — 3.307) = 3.437

Blm =1) = ;253437 = 21.508

Solve for radiation modes:

k= k77
ke = VR = ?;\’i\/—nz =)

In order to satisfy the characteristic equation (round trip gain =1), we have
r eFredi kaeda ek"d"rg eF1=dr gkaeds eks=ds —

ry=rqg=-—1
dy = d3 = 30[.1111
dy = 0.3pm

ky = ks = (31-1/3.392 — 7’
ky = (22-1/3.522 — A?
The phase of the characteristic equation can be simplified to

m ;— = (30pm)V/3.392 — 7% + (0.3pm) V3.522 — 7 + (30m)\/3.392 — 72 form> 2

Solve for # using perturbation theory described in Chapter 6.

Simplify this expression by replacing the waveguide region with the same width of cladding material.
This simplifies the expression for g significantly and allows us to write a closed form solution for B.

A A 21!"”1 2 2

Bim) ~ 21m1)2 mr \?
- A A\ 60pm
The perturbation due to the waveguide can then be added to the value of 3 for each mode:

[ Aek2|U2dA
28 [|U2dA

Af = (6.9)

For odd numbered modes,
U(z) = Acos(kpimz)

where A is a normalization coefficient and k.1, is the value of the z component of the k vector for mode

number m: kgypm = 1/ kli - 32

Similarly, for even numbered modes,
U(z) = Asin(kgime)
The index perturbation is Ae = 3.52% — 3.39% = 0.90

ko = {2r— = 6.28pm™!
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Figure 7.5. (# and 7 vs. radiation mode number

Note: If better accuracy is desired, the values of # can be solved for numerically or graphically using
the transcendental equations described by Eq. 7.26.
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*“—7.6:

Use Eq. 7.36 to implement the WKB method:

2 / kz(z)dz = (2m + )7

r=ra
Use symmetry to‘simplify this equation further

r=rp

4 / ke(z)dz = (2m + )

ke (z) = koy/n2(z) — 72
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(7.36)

(7.36)

An(l—l})'i'nmin 0< S%
ﬂ(m)x An(l'f'%?')"l'nmin "%S <0
Nmin otherwise

Rearrange this equation to solve for zg (where n(z) = 7):

. d fl — Nmin
Tp = —Ty4 = < e — —
2 Nmaz = Nmin

Use computer to numerically plot right side of equation vs. 7i. Values of 7 can then be chosen for each

mode (i.e. m=1,2,3, ).
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Figure 7.6. Effective index vs. waveguide width

The WKB approximation may not be accurate for 7 near nmee OF Nimin.
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Plot ray path:

Ar
A = Ftan#b;

d=2um
7=3.19 from part (a)

At the center of the waveguide,
z=0

1 (319
0; = cos™! (-g-g-) =24.2°

So in this case, we can’t use the small angle approximation.
At the turnaround point,

T ==zpg

n(z)="

_1(3.19
0; = cos™! (.71_15) ={°

zp = 0.124pm
To calculate the ray path, step along the path starting at
Tp = 0

zp=0

Using the recursive relation

_ -1 n
T4l = &y + Az tan [cos (n(:cm))]
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Figure 7.6. Ray path for the case of d = 2
Note that the curve is parabolic in shape (i.e. not a sine wave).
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