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B.4:
Plot Ty vs. 6

A= 1.35um

< e >=15cm™!
k=50 em™!

Mode is aligned with DBR at 1.55um.
Consider ¢ =0, 90°, and 180°

and kL, = 0.5 and 1

From chapter 2, we know that

1 1
Fgen =< a; > +—In | ——— 2.23)
eh x + La n (|?’11‘¢I;|) [ )

The only unknown on the right side of this equation is r g,

tra "
r,”:rg-!-l_rh (6.46)
gt 2

. K_jytanh(FL,)
—s e

C t 6.37
T i tanh(5L,) (6.37)
1 G VR T (6.40)

&+ jé tanh(5L,)
where

The phase term of ty is accounted for in the expression far ry. So e ifels — 1,

n =032

re = V0.32 e#3 .

V3 | (6.32)

=8By = UE WAy j<0>eyoca> ' (6.33)

S

< g>.,=0in DBR

< @i >= 15 cm™!

- $=§- g
koi=r=50ecm! since there is no perturbation of the loss or gain.
Ly= 5‘2"'

All of these equations can be combined to create an expression for threshold modal gain, Tg,s in terms
of the variables xL,, ¢;, and §.
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Figure 6.4, Threshold modal gain vs. detuning for ¢+ = 90°.
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Figure 6.4. Threshold modal gain vs. detuning for @2 = 180°.



a) The characteristic equation is

Fen = —j&n tanh(,, L) (6.41)

Tep = \;‘;fr'}—(;fb

sl 1
L

. — 1 . -
K= _ao—an—m...%cm
7 (g, —Ca s [<g>.
5m:ﬁm._,30+3——9—-12_9‘_,u=,3ﬂ+’_§2_1
<y >=20 e¢m™!

Salve the characteristic equation given above for the two unknowns, Af and < g >zy. Solve numerically:
First mode:

Af = 465 cm™!
< g >ry= 103 cm™!
6L = ABL = 428

Second mode: .
Af = +141 em™!

< g >zy= 152 em™!

0L = ABL = £5.64

b) For a DFB with a % shift, the characteristic equation

is (neglecting gain across the short cavity
length, 3’%}

T, = 1 (Problemﬁ.ﬁ]

_ & tanh (2L}
4 D e + 7
"7 54 G vanh (3£) (6:37)

Solving as in part (a), we get
First mode:
Ag=0
< § Fzy= 96 cm™?

dL=ABL =0

Af=%113 cm™*
< g Ppy= 128 cm™!

0L = APL = +4.52



¢) The mode supression ratio is given by

(3.73,3.74)

MSR = (ﬂﬂ'+&g+l) ﬂm{.xg} FJ(A(})

é am(A1) Fi(AL)

Fy(Ap ~1
131)

Om =< g 5py — < 05 >

Ao = an(A1) = anm(io)

Ag = 0 (since AX is small, material gain is approximately constant over this wavelength range)
d=neflap < g >ay I:r'f'; (3.77)

We can use the threshold value of < g >,, because the gain is controlled by the carrier density,
which is clamped at threshold.

Assume that
7 =1
Bsp = 1071
I=20

case(a):

8 =10"%(103 em~!) = 0.0103 cm~!
am(Ag) = 103 — 20 = 83 cm ™!
am(A) = 152 — 20 = 132 cm™!

Ao =132 - 83 = 49 ¢cm™?

M35R = 2991

MSR( dB) = 10log(MSR) = 34.8 dB

case(b):

d =10"*(96 cm™!) = 0.0096 cm™!
am(Ap) =96 - 20 = 76 cm™!
am(Ay) =128 — 20 = 108 em™!
Ao =108-76 = 32 cm™!

MSR = 2346

MSR( dB) = 10log(MSR) = 33.7 dB



n=3.17

n? - @? .
_ g
& = Gkoa orde;; . (6.44)
depy =d+ 504 5 (6.44)
G=12 for a square wave (p.279)
ng = 3.40 (Table 1.1)
a=5nm
Find waveguide parameters to solve for degy:
V= ku(‘f\fﬂ% —n}
3.407 — 2 . A3.12
=T B'mrn (0.205um)\/3.40% — 8.17 ( )
= 1.02
From Fig. A3.2, b= 0.20.
= /b{n3 - ng} + ng
= /0.20(3.407 - 3.172) + 3.172 (43.12)
=3.217
TYz1 = Yz3 = LU\/ﬁ—E - ﬂ?
LN v T e . 279
= Thaam V3T 307 (p- 279)
= 2.228um™!
{ d+ : + l
deyp=d+ — 4 —
" Tz NEX)

1 1
2.228um~! + 2.228pm—1

1}

(0.205um) +

It

1.102um

k= 44.em™?



Figure 6.10. Index perturbation profile.

ne = 3.50

An =0.04

Nguide = 3.54

', =04

= Crnguige + (1 — z)n. = 3.516

a)
_ kK [AUU,dA

A Y A A LY
47?1 A JUtU; dA
= % (2n,An) L2000
S 2w (2nedn) 017 dA

m
~ (1.55um)3.516
=64.6 cm™'

3um 3pm
ra Y
o 20 pm ”
l.Iguidi: nc ngu!de

(2(3.5)(0.04))(0.40 + 10%)

(6.61)

Note that the overlap integral between the modes of each guide was estimated instead of being calculated
exactly. This estimate assumes that the ficld profile of the mode is roughly constant at 100% and 10% within

the primary and coupled guides, respectively.

b) To find the length for complete coupling, use Eq. 6.70-
sinz(mch) =1

m
K1zl = 5

m m

= = 0.0243 cm

L. =
©7 2k1p ~ 2(64.6cm-1)
L. = 243pum

(6.70)

(6.71)



