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Tgn = 20cm™ 4 ——— 1—— =59.11cm™
L142x10~om Jo.999]0.9 9654!

d) The light 133‘“115 the VCSEL is attenuated along the entire granng length., So, additional foss must be taken into
account, which is done through the use of the F parameter. -

sy

g ay =7 (a;;{z . Fy
: 2 i
' (el (o) (-r2)e o 2)
rz rz

..... | | - Ji (0 99654)2 }—2{}&” (0 431?}:!&"*:#1) =077

ool - (0.99654)) 0092224 [t~ (0.999))

39 IL(:m"i
'*19 llcm + 20cm ™

I I ay ={0.775X1)— =0.513=51.3%
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** Correction of stated problem: Ja/oN = l()"z't:f{r -

a) There are two effects that must be considered:
shift of the axial mode wavelength

shift of the DBR peak reflecti vity wavelength

M g

First, consider the shift of the axial mode’ wavelength due to current in the grating only

Mm . A”.t L‘*”f

. Dy e,

lm n Ll‘t#ﬂ(

Where 161":" in this case is the shift in effectjve index of the grating. not group index.

Ly = -—l-:lanh{?d% )

2K
: ( i il
= tanhit00cm™ - 200 % 10~ cme
2{100cm™ | | )
=48.2
— dnnr .
P oNgv ¢ (
/¢ 4 1¢
=-0.1092—==-1.002x 104 —£_
A - mA
The mode shift due to the current to the DBR mirror is then given by
Sy N, Ly (3.65)
n L mef_ .
1092 x10™ma= ) _(a8.2/0m)
S — T ENTEAMTY
(3.4X448.24mm)
[
=-3.45%107¢ _5_
mA

| ... {
A/l,,, = (] ,S?Mn)(-lde lO”ﬁmA"‘){g = {).0542 A ...._i_i_
| 41
—— e

Second, calculate the shift of the Bragg mirror’s central wavelen gth:
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: . [
(1.57wum) = -0.504 A —%
A

(Now that we know how

the mocde shifts, we must find out where the mode hops occur. The mede spiCing is

1

0A = ___r =M'= 6.91\ | | (227
2 Lyt 2(4X 448 1m) |

where 77, is the effective group index ia this case

Assume that the gain spectrum is flat. This is are

asonable approximation since we are only im'erestcdiin 2 very
harow regicn and the mirror reflectivity varies

much more rapidly than does the gain spectrum.

As current I; is injected into the DBR. the modes shift to shorter wavelengths, following the shift of the DBR
mirror peak retlectivity. Whichever mode is the closest to the minimum in a,, will be the lasing mode. The

Biage wavelength shifts about 10 times faster than the modes themselves. For this reason. there are

The difference in DBR current between each a

_ xial mode jump depends on the difference in the rate of changz of
~the modes and the rate of chaage of the Bragg

frequency of the grating:

N e A 15w
A = DA pg (-—().0542A/nn4)“["‘0-5041‘””""] '
"
i
: ‘EVS.Q.A
-10 L
< 15.3mA *
3 -15 e
r‘!;: ;
-20
«25 B
0 10 20 30 40 50 60
Ig (mA)

Figure 3.13a. Dominant laser mode wavelength vs. DBR current
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b) In order to maintain the lasing wavelength at the peak of the Bragg mirror’s reflectivity. we need the modes v
move at the same rate as the central Bragg

trequency of the grating.
fﬁ/l," - (3/18

To move the modes at the proper rate. current is injected into the passive (phase) waveeu
Eq. 3.65 as above.

A M_P LP
in Ht ’—!- L

total

>
-
!

g
~1.092x 10 --n;- 2004 ) .
! :
= (1,57 um £

L]

=-0.23A ——
(3 .4X448;1m) mA

Including the shift from the passive and grating sections.

| "3/, [,
Aot =] —=0.0542 4 24| —0.234

- This must be equal to the shift of the central frequency of the Brage mirror:

A&nwm! - &R’B

“ Y/, * i, 1/,
él,mm =1 -0.0542 A +1~0.234 ={-0.504 A
- MmA mA mA

[, =1961, ~ 2.0/

Now the laser can be tuned continuously,

A (A)
lp(mA}
<
o )
dm |
) lp(mA)
- I (MA)
0 10 20 30 40 50 60 o 30 P

I, (mA)

Figure 3.13b. Dominant laser mode wavelength vs. DBR current and phase current

The phase current is upplied cycllically,. Current is

injected until the wavelength is equal to the wavelength
where a2 mode hop would occur without

phase tuning. The current in the phase section is not simply
Increased monotonically because heating would eventually counteract the change in index due to curreat
Injection. - |
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C.\

500 ym 200 ym
Figure 3.14. Laser structure
KL, =
m =07
<@ >=20 cn~

_ Figure 3.14. Laser with effective mirror mode]
Using Eq. 3.30, we can write

(1 ~0.762) e-20( 0.190 )x10~¢ =

IS T b TSR S 0.2133 £
= - Q.76 y -~
(1— 62)*— m(l ‘*0062)
e (1—~0.56%
= T hca o ———— = (.68R0
' T {(1-0.562) ¢ 038(1 — 0.762)
1 ] L " -
Im = LetLegy (r;]r,l) ~ B80um In (fﬁ?ﬁfm) 12 i cm 1
| -
= 7} — F
R |
0.7 o, 0.688 = 18.4%
— U.1 — 7
20 + 192 .4 ’
O
Nd2 = 1 - " Fg
< Q; > 7
1 .4 Ve
=1l 2 02133 = 5.71%
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Solutions by R. Kehl Sink
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3.16:

To solve this problem, we have used a number of clarifications or assumptions:
1) L, = 500um
2} 0, =}

3) change in gain with wavelength is negligible in comparison to change in mirror loss

e ey ey Sty i

a) From Fig. 3.18b, we find that for kLg = 1, we have (I'gsp— < a; >)L, = 3.1. If we assume that
Lg = 500um, then |

3.1

P = — +10ecm™ ' =62cm ' 4+10cm™! =72 ecm™!
0.00 cm

b) |
L a2 +Cfm(A1) = I‘g()xl) Fl(/\g)(lm(/\[])
o e S a0 T FiGam(y) S
. (Aa+ Ag . 1) Fi(Ao)am(Ao) e
‘Sg Fl ()tl)(l’m()il)

Aa+Ag = (a(A1) — (Tg(Ao)) — (@A) —Tg(A1)) = (A(Lgen)

For the modes on either side of the peak mode (i.e. modes £1), we have (see part (a) for method):

(I‘gth(}\l)-— < O >))Lg =4.3
— Tgsn = 96 cm ™!

Then Ao+ Ag = A(Tgin) =96 cm™! — 72 cm™! = 24 cm™! .
Og = 0rBep(< @i > +om) rZfay = (1)(107#)(72 em™!)(1) = 7.2 x 1072 em™! (3.77)

Assume that the gain spectrum is approximately constant over the range of interest while the mirror
loss varies with wavelength. So we can write o, (A) = Tggn— < o; >.

Csm (A(}) = B2 cm
(}:m(/\l) = 86 cm™1

The DFB laser has distributed gain and loss. These have both been taken mto account by the calculations
above. So, Fi(Ao) = F1(A1) = 1/2.

24 cm™! 62 cm™!
(7.2 < 10-3 cm—l) (1) gr——=5 = 2404 =34 dB
c)
Xm 1 62 cm
p— — F : o .
Nd1 = T)d2 n C 5 3 (0.6) S — — 0.96
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