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* . 6.3:

Legy:
For large L, tanh(xL) a2 1, which means that the result of the previous problem can be approximated

as
chf ~ -2-';
La: . N
E(z) = A(z) €757 4 B(z) edbos (6.25)
Afz) = Ay 797 4 Ay €72
6.28,6.29
B(z) = By €797 4 B, ¢ ( )
For large L, the reﬁurn power Is approximately zero at the end of the grating. This gives us one boundary
condition:
B(L)=0= B, et 4+ B, (oL
Bg = —B] 6_201'
Then, by Eq. 6.30,
. 5
A, = dloti )B1
K
and . 5
4y = 20239 — ) p, ¢-2o

Condensing all of these equations, we can write

E(z) = (MB] e~ 4 MBl ed{z-'-’L)) e~ ihoz | (Bl €% L B, Ea(z—zL)) i Boz
K K

Simplify this expression using three substitutions:
e L %0 for large L.

6 =0 at the Bragg wavelength.

o =k at the Bragg wavelength.

Then ' ‘ -
E(z) = B, e™"* (j emdPor 4 eJﬁ"’)

Therefore, the field decay is proportional to e~** and the power decay is proportional to e~ 2%:

The defintion of the penetration depth, Ly, is the length at which the field decays to !l of its peak vz—ilue:

Thus, we see that, for large L,
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.
*——6.4:

Plot Tgsp vs. §

A = 1.55um

< o >= 15 em™!
k=50 cm™!
Mode is aligned with DBR at 1.35um.
Consider ¢ =0, 90°, and 180°

and kL, = 0.5 and 1

From chapter 2, we know that

1 1
Cgin =< a; > +—1n (.___.._) 2.23
Jeh La |r1re”| ( )

The only unknown on the right side of this equation is Tefr:

i;,!“g

= _— 46
T’eff rg + 1— Tg‘,"g (‘5 -b)
Fy = —j oL 200 L) (6.37)
o + jé tanh(gLg)
ﬂ_g = - 5'S-e-Ch(5‘L€) e—j.@oLg (6.40)
o + jé tanh(aL,)
where
The phase term of ¢, is accounted for in the expression for ry. So e~#fols — 1
ry =+/0.32
re = /0.32 ei®2
F=Vk? - 42 (6.32)
§=f—fo= 2T _ WA | j<o>my-<ai> ' (6.33)

< g >.y=0in DBR
< a; >=15cm™!
— 5:5..:"5%:‘.2

-1 since there is no perturbation of the loss or gain.

All of these equations can be combined to create an expression for threshold modal gain, g, in terms
of the variables kLg, ¢2, and 4.
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Figure.4. Threshold modal gain vs. detuning for ¢ = (°.

1385 77.1
E 77.05 g_
=
o =
= 138 77 £
E -
= 3
_3 76.95 7
i E
= -~

137.5 . : L . . 76.9

-3 -2 -1 0 1 2 3
delta

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°.
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a) The characteristic equation is

Op = —jgth tanh(&ng) (6.41)
Trh = I;C:') - Stzh
x:‘%—:ﬁ:%cm“l

ben = Ben — Po + j___<g>,x_—2<a->=[ =Af+ J<g;2>r
< a; >= 20 cm~!

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

First mode:
Af = 465 ecm™!

< g >zy=103 cm™!

0L =ABL =426

Second mode: -
Af = +141 cm™!

< g >gy=152cm™!

6L = ABL = 4+5.64

b) For a DFB with a % shift, the characteristic equation is (neglecting gain across the short cavity
length, 2) '

F;;’ =1 (Problem6.6)

(6.37)

Solving as in part (a), we get

First mode:

A =0
< g >zy=96 cm™!

dL = ABL =0

Af=4113 em™!
< g >zy=128 cm™!

0L = APL = +4.52



¢) The mode supression ratio is given by

Aa + Ag ) am(Ao) Fi(Xo) o g =
MSR = +1 3.73,3.74
( ; (M) Fi(h) (8.73,3.14)
Fi(Ao)
F:(Af) ~1

Qm =< § >py — < a; >

Aa = am (M) — am(Ao)

Ag 2 0 (since AX is small, material gain is approximately constant over this wavelength range)
§=n:Bop < g >ry 74— (3.77)

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

Assume that
=1
ﬁap =101

I'=2L

case(a):

§ = 107%(103 cm™1!) = 0.0103 cm~!
am (o) = 103 — 20 = 83 cm~!

am (A1) = 152 - 20 = 132 em™!
Aa=132-83 =49 cm™!

MSR = 2991

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

case(b):

& =10"%(96 cm™1!) = 0.0096 cm~!
am(Ag) = 96 — 20 = 76 cm~!
am(A) = 128 — 20 = 108 cm~!
Ao =108 - 76 = 32 cm~!

MSR = 2346

MSR( dB) = 101og(MSR) = 33.7 dB



