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Approximate index as a linear function of wavelength. Using the two data points given by the problem,
we can write
n(\)=381-4%
ny(A) =412 2
The propagation constants can then be written as a function of wavelength:

Ba(A) = QT“HL,Z(A)
AB(A) = 3 (na(A) — mi(N)) = 22(0.31 - 2)

= ()
Find the coupling length for a wavelength of 1.55um.

T

i ™
L= e —
2512 2(0.01pm—1)

= 15Tum (6.71)

Use Eq. 6.66 to find the coupling between guides for other wavelengths:

The bandwidth of the device can be found by finding the wavelengths at which the coupling between
the guides is reduced by 3dB:
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Figure 6.11. Coupling vs. wavelength.
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* 6.12:

Use Eq. 6.84 to calculate the proportion of power coupled from one waveguide to the next:

Paf 0*)
e
P][O f( > Uh a’A

From Table 1.1, the values for index in the materials of this waveguide are
InGaAsP(1.3pm): n, = 3.40

InP: n.=3.17

A= 1.55pm

_ 47, g s
t=\/mamr (6.82)

Calculate the effective indices for the two waveguides using equations from Appendix 3.

Smaller waveguide:

V= 27\?53’\/117——?13
= ———(0.200pm)\/3.407 —3.172  (43.12)
1. 55
= 0.996
a=10

Find b from Fig. A3.2: b= 0.10
M = \[b(n? —n2) + n? = \/0.19(3.407 — 3.17%) + 3172 = 3.215

k3(n2 —7?) = \/ (- =) " (3.407 ~ 3.215%) = 4.48um™!

2
Ye = VR (AL —n2) = \/(]-%m) (3.2152 — 3.172) = 2.17um™!

From Eq. A3.8,

Ugi(z) = A, cos((4.48pm™")z)
Uei(z) = By e*(217um )z
Match boundary conditions at the edge of the waveguide:
4 cos((4.48um™1)(0.1m))
1

By = eE(217pm=17{0 1am)
=1.124,

Larger waveguide:

V =1.993
a=10
b= 43

fia — 2 9R

(6.84)
(A3.12)
(A3.7)
(A3.7)
(lz] < 100 nm)

(lz] = 100 nm)



ke =391um™!
Jp = 3.08um™!

Ugi(z) = Ay cos((3.91um™ 1 )z)
Ua(z) = B, H(3.08um™" )z

By =1.314,

t=0.99908 = 1.
Do the overlap integral between the fields numerically

2

Po( ~ 0,968

0t) _
P0-) —

t f U3 U, dA

Coupling (power) loss = 3.2%

Sinece Uy and Uy are real, the coupling loss is the same for both directions.

(lz| < 100 nm)

(2| = 100 nm)

(6.84)
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Chapter 7: Dielectric Waveguides

Figure 7.1. Reflection from dielectric interface

We have two equations and two unknowns, §p and 0;:
kio— Ll

1) 1T = __‘z_kg,+;;k., (Eq. 7.5)

2) kysinfp = kysinf;  (Snell’s Law)

For zero reflection, the first equation leads to

€
kiz = z’;ktz

= “TM. .
bt 4. ‘ (7.5)
kw = e—lktz
€2

n
k]_ cos 93 = ;ﬁkz cos 9(
2

2
n? k
cosfp = —+ -2 cos b,
nj ky
2 2mng
et =2 cos §;
=3 52 2%n
nj 250L

ny
= —cos b
ny

The second equation leads to :
k1sinfp = kosinf;

. ny .
sinf, = —sinfp
na
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Chapter 7: Dielectric Waveguides
Combining these two equations, we have

1 =sin? 0, + cos? 6,

Solutions Manual: Coldren & Corzine 7-1

nd 5
= ——isin203+—-icos 05
Tl-z .

n
n

2
. n? .
1 =s5in%0p + cos? g = ;;-smz 0g
2

2 "'% 20
sin“fp. |1 — — | =cos*fp
B( n3 n

+

n3
2
1

tan®fg = =
B = cos?lp (1 = %;
o
tanfp = o

= ny
=t Ll =2
03 an (nl)
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%7.3:

Solutions Manual: Coldren & Corzine 7-3.1

a) V = ked, ,l'ngm-dc - ﬂfmdﬁng = T;—;L;;(O.dpm]v:i.d! —327=1.86 (A3.12)
a=0

b= 0.40 from Fig. A3.2
Solve Eq. A3:12 for @

7= (/a2 + b(n2 — 1) = /3.3 + 0400347 — 3.2%) = 3.281
#; = tan~! (E{":)

= Lan_] _ﬂﬁ—
’cg l‘lg L ﬁz

- ( 3.281 )
B V/3.47 — 39812
=747°

b) For the same 6, 71,a, and b, we have, from Fig A3.2 , for. m=1,

V=58
V 5.8
d= = =1.24pm ' (A43.12)
ku\/nﬁ —n? 1.5215"Lrn‘4'/33"4:4 -3.2?
c)
nl, —n?  3.22-3?2
= = =10, £l A3.12
nE %, 3B _3P 0.939~ 1.0 (A3.12)
b=0.40
From Fig. A3.2,
V=22
Vv 2.2
d= = = 0.47pm (A3.12)
kang £ax nf l.saﬁwum \/—3'41 - 3'22

Solutions by R. Kehl Sink
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