Homework #2
For all problems in this homework assignment assume a wavelength ofA=1550nm.

1. A symmetric slab waveguide has a slab index of refraction of n,=1.5 and surrounding
refractive indices of n;=1.49. What is the range of waveguide thicknesses for which
this waveguide will be single mode?

2. A slab waveguide has a thickness of d=%um, a slab index of refraction of n,=1.5 and
surrounding refractive indices of n;=1.49.

a. How many TE modes does the waveguide support?
b. How many TM modes does the waveguide support?

y=-a/2 y=a/2
Figure 1
3. Figure 1 shows a ridge waveguide. n;=n3=1.5 and n;=1.6.
a. Calculate the ridge thickness ¢ such that the second mode is cut-off at the
wavelength ofA=1pm. (The single mode operating range isA>lm)
b. If d=0.8t and a=10um, calculate the effective indices of all of the supported
modes.
4. Calculate the mode designations for the lowest 5 modes of a step index optical fiber

and calculate the normalized frequency of their cut-offs.



42-381
' . 42-382
-‘\.Nalmnal Brand 12280

(2)

(=

(b)

() n,=144
n1: /.50

Single mode  requires

ZJmini < F

d < A
2 (Tg2-14at

(d< 4.43am]

d = Sam
(\' = 'IS
Ny =149

The equations for TE modes are

nd 4an(t) = ¢d of
z &

Sadd

- hd co
~

hd

3

- [

- (Fnl)

Need 4o find the zeros of Th Jop
SM’G“ef than \/

N = 2.
/SS Jhs*- 1497
= o086
et 11;/,,( and ?}4’:7 )('!'O;‘n(: Yy

= v*?

= 9d
Bl

eguotions that are

ancl

So we have TEo ond TE, 'Ylab;
for TM modes wt  yse

Xdanx = N7 and -XCotx =
n,z

These have the Same
E—Mo and TM, modej{
)

Z€{oS

—KRCIk=y

Zems @"’ ‘T/z ) 3071 s

nl
nr )

So




(3) 0.2y =13

. (‘13 L.

42381 50 SHEETS EVE-EASE 5 SQUARE
& i 12.382 100 SHEETS EVE EASE 5 SOUARE
?Nalmna! Branfd 15 me 200 SMEFTREVE.FASE § SOLARE

(q) nc Jam fiad t

Wwe  wan+

—'
-—

By st = T
£: 0. 10 um

ad >‘:’44m, £- 0.9 um I’)eg = 1.5

(b) with N,z N3z 15
Ny=z1Je
d= 9. 7.4m Negf = |, 5563

Now thy effective index mathod

10w

655

/.6
1,$S63

4 modej o

L $S6SS

(Na;: . 5649, LSbSi’ﬁloé,hffﬁ

(q) Cq,Colu-}e the moia cteﬂgna"’mns -Fpr the
The mode  &uativns  are

Je (ha)
al cu-08f {9 =0
So W& need lim lfu;(@
iqﬂ;o ‘19(74)
i m qa K (19 = ;5
‘(q-oo ;40(7')

im gs Kl g
favo K (9q)

im  qe K3lz4 - 4
a0 K2 (¢4a)

"\Q TeHUM) o

S —..

I $563

lowest S modas

94 Kes (24)
Ke (,a)




e
W
o
g¢
88

& ooy

ggg
=
=
£
o
=
=
S
=
i

FO( {l)e L?om mo“l}

X ]I G‘) = O
Jo €¥)

* J(x) = 0 a X=o, 2837

Fov the LVm modes

X 3-2 (ﬁ) = 2 at

31 (¥
Foc  LPgm modes

¥ J34) -y af
J. ()

Modos ace

L?,, V < 2.408

- L Fn; E AVAE S 3.83!7
LYoz and LPy \ < 55é0)
LP2 N < 7.051

X= JHOS)

%=z 2838

T1.0157

5.5 201

, oISl




5.2,?.1
N ~—
(x) Lr/(x)er x

o

1
L 1 T 1 ™
™

<
(der/Jer x

o



