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Figure 8.1. Tunable laser

Given:

A= 1.55um

Af =100 GHz

4 QW gain region with gain curve as described by Fig. 4.256
waveguide width = w = 1.5um

< a; >=10 cm™!

ni = 70%

If grating is lossless, R = 0.50

From Table 1.1,
n(InP) = 3.17

Interpolate for InGaAsP by assuming that index varies linearly with index from InP where n = 3.17
and Ag, = 0.918m to InGaAsP(1.3um) where n = 3.40 and Ap, = 1.3um.

n(InGaAsP 1.25um) ~ 3.37

a) Follow Example 8.2.2 on pp. 347-348.

For the passive waveguide sections, calculate effective index and mode parameters as in Appendix 3:

V=224, /n2 —n2 = e (0.264m) V3372 Z 3172 = 1.159

a=0
From Fig. A3.2, b ~ 0.24. _ .
= \/ng +b(nd —n2) = /3172 +0.24(3 372 — 3.172) = 3.227

kge = 4L\ /n2 — A% = 3.94um™!

Yer = 2E\/A° — n? = 2.44pm!
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To find the grating length, use the fact that R = 0.50 without loss:
tanh®(kLg) = r2 = 0.50

0.8814
L, = p
Find « for a triangular grating:
k= B hoa ™ (6.44)
w2 2ndey g
degy =d+ -2 = 0.25um + m%r;-r = 1.07pum

1
K= 35 Toggm (1.5 X 1072um) 53308200 — 0.00675um™" = 67.5 cm™
0.8814

7 = D.00675am-T — ook

Find the effective grating length:

1
2(0.006754m-1)

Lepy = i ta.nl‘l(H:Lg) =

V0.5 =524um
2k

Find the total cavity length based on the frequency spacing, Af = 100 GHz:

_ A*Af  (1.65 x 107* cm)? (100 x 10° s~1)

A ¢ 3 x 101% cm/s

=80x10"%cm =804

The mode spacing, A), is given by
22

A= o

(3.39)
<M >4~ 4 for InGaAsP/InP lasers (see p. 40 or p. 348). Solve for Ly

(1.55 x 10=* cm)?

Lo = 2(4.0)(8 x 10-8 cm)

=3.75 x 107? cm = 375um

Lo = Lyot — Legy = 323um

b) To plot the LI curve, we must first find the differential efficiency:
"

= Fyn —————
Nd1 17?:< @ > tan

Assume a facet reflectivity of R ~ 0.32 and a lossless grating:

am =1 In§ = grsye=ras In (( T ) =24 em™
t? 1-0.32
F] = (1 — 3)_|_1'_'1.(1 —1’2) = 20630
)t 9/ (1-0.32)+ /2821 -0.5)

24.4 cm™!

Nay = 0.630(0.70)(10 em-1) + (24.4 cm—1)

= 31.3%

Find confinement factor,I' by numerically integrating the intensity profile of the waveguide using the
parameters kz, v, 7, n, and d from part (a). (See Eq. A5.13)
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Figure 8.1b. Normalized field intensity profile for use in calculating I',,
I‘xy%rxzm4° 4’ Pf.

Lo  323pm

I, ~ =
Lioe  37bpm

= 86.1%

Find threshold gain:

am+ < a; >
[yl
_ (2444 10) cm™!
~ (0.022)(0.861)
= lloocwm =4SEEN! per QW

Jith —

too
From Fig. 4.25b, we can calculate the threshold current. To obtain g; = %58 cm~!, the threshold

current density is Jep = (—W—x (4 wells) = 786=Atem®. 2133 AlcmL
53 {

I JinLaw _ {F00-Afem?)(323 x 10=* cm)(1.5 x 10~% cm)
th — p—1
Ui 0.7

The power from the facet is then given by

=0-00485A=485rA-
= 14.8mA

hv
P = Trdrq—(f — Itp)

q

1.65pum

Py = (0.256 mW/mA) (I —K.8 mA)
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Figure 8.1b. Single facet output power vs. current
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c) We only consider the mode hopping in this problem (following Example 8.2.2). The shift in the
DBR mirror peak reflectivity is given by

Alp Ay, e
Ap - ng .
where 71, is the grating effective index.
— _ dng
Ang = N N

= (—FWIO_?O cm3) N

_po 1429d/V? 14 2(2.44pm™1)(0.25um)/(1.159)2
oy =Ts = 142/yd — 1+2/(2.44pm=1)(0.25um) = 0.446 (43.14)

In example 8.2.2, Auger recombination was neglected, which allowed the derivation of an analytical
expression for the carrier density, N, as a function of current, I;. However, since we are told to include

both radiative and Auger recombination, we must solve for N numerically from the steady state carrier rate
equation: '

% = BN?+CN?
Assume that 7; = 0.70 for current injection into the waveguide of the grating section.
B ~ 1071% cm®/s for InGaAsP alloys from p. 31
C =3x10"? cm®/s for 1.25um InGaAsP from p. 350.
V = Lywd = (130.5pm)(1.54m)(0.25um) = 48.95um® = 4.90 cm~—1!
Since ¢ = Af, |

¢
Af = —-FA)\

Af=_C (—me—j" cm®) N
A g
_ 3% 10*um/s (0.4461072° cm?) N
1.55pum 3.227
= (2.6751077 cm®/s) N

Solve numerically for carrier density, N. Then solve for shift in Bragg frequency.

The mode spacing of cavity modes is given in the problem to

be Av = 100 GHz. So a mode hop occurs
for every 100 GHz shift in the Bragg frequency. '
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Figure 8.1c. Frequency tuning due to DBR mirrar current.
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For cofﬁparison, the plot of frequency tuning when Auger recombination is neglected is also included

in this figure. As we can see, Auger recombination has a large effect on the amount of current required for
tuning.

Note: A slight frequency shift occurs on each of the modes due to the shift in cavity modes caused by
the change in index. From chapter 3, we can calculate the shift in wavelength of these modes.

Cavity Mode shift:

Adm = m(_ STppnLes; ) (3.65)
faLa +ipprlesy

Assuming that ippgr &~ 7,4, this reduces to

AfipprLeyy )
Adp = A | =————7—L
" (W(La + Leyy)

ARppr(52.4/m) )
~ (1.55pm) (3.227((323pm) + (52.4pm))
I~} (0.067pln)Aﬁg

c
Af = -—'XEA/\

3 x 1014 m/s ~
= ___m_%_/_(ﬂ.[l(i?pm) ("(0.446)10 2.0 Cms) N

= (3.7310"% cm®/s) N

Comparison of this shift to the shift for the Bragg frequency shift shows that the cavity mode shift is
only about 14% of the shift for the DBR mirror.
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*8.2:

a) Find length of amplifier:

In order for the amplifier to have the fastest switching speed, the amplifier should be biased around the
knee of the g vs. N curve according to Eq. 8.17. Appendix 17 describes the knee mathematically as the

current at which
g _dg

N = 4N

This occurs for g = go,, assuming a logarithmic dependence g(N) =go,In (NNZ)

Jopt = gop = 1800 cm™} (Table 4.4)

2N
Jopt = Jir €707 = (81 Afcm?) ¢!800/583 _ 1 78 kA /cm?®
The problem states that < a; >= 15cm~! and I’ = 0.06.
So, for the ON state,

Tgon — a = (0.06)(1800 cm™1) — (15 cm™") = 93 cm~"

Pyt = Py, elT9on—<ai>)L

o ()
Fgon— < a; >

10 mW
— 1“( 3 mW

93 cm™!
= 129um

Lamp =

Find width of amplifier:
An approximate amplifier bandwidth is described by Eq. 8.17:

_ 1 1 ! oucPwy
Je = 2r (r ta wdhv

The terms in this equation that vary with width are a', [zy, and %:

l_u ﬂ:)
- 1+ P/P,

a

Since P > P, in this case, , ;
I'zya  TyyayP,
w  Pw
_ Tuyagwdhy
~ Pal'yyrtw
agdhy
Par

The only variable in this final equation that varies with width is a. Due to gain compression, a decreases
as w increases. So to make f. large, we want to make w as large as possible.

Therefore, choose w = 5um.
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b) First find the current density needed in the off state of the amplifier:

P,y = Pin e(PQOFF—<UH>)L

1 1 Pout
= - l :
JoFrF T [Lamp n(Pin)+<a‘>]

1 L (LmWy o
T 0.06 [0.0129cm  \3mwW o
= —1164 cm™!

Jorr = Jiy e90FF/90,
= (81 A/cm?) ¢~ 1164/583
= BT’ M Afcw por well

Then calculate current densities for the amplifier:

Amplifier ON state:

Ion = WJONU’Lamp VL (8

= WAY(1.78 x 10® A/em?)(5 x 10™* cm)(129 x 10 cm) x (4 QW) /
=<32-4mA-
= (65-6EmBP

Amplifier OFF state:

n¢

Iorr = niJorrwLamp
= (9-7)(596-A /cm?) (5 x 107* cm) (129 x 10~* cm) x (4 QW) /6
=HF8§TA
=  e=82=sP 0-4 O8mA

For the laser, first calculate the mirror loss so that we can find threshold modal gain.

_ 1 (1
R TAPPR

L -
K= TF = Gawvumyz = 95 om™!
Less = 5+ tanh(kLg) = 86.3um (3.59)
rg = tanh(kLy) = tanh(0.7) = 0.604

1
Gth = —r-,(< a; > +am)

1 -1
= m(lf) + 58.3) cm

=1222cm™! e wel(
=3 peeW

659
Jeh = Jir €90 = LZFAfem® per QW
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Iin = niwle oy x (A QW) =EEmA  FS5-2mA

QA

— e(Ln‘LGH)(PQ‘lh—<Cri>) =W o ‘)_q_g

g =Py

hv
Pout = ?qd(‘[ - Ith)

P
I!aaer = ,0::: + Ith
Na'y

3 mW .-
_ <€ 2
6. 28 5808 mW/mA) T )
s A
= Al-FI A

¢) Assume that a’ = 10~15 cm? as described on p. 359.

Assume that 7 ~ 3 ns.

fc:

3 ns 2)(5 x 10=% cm)(4 x 70 x 10~8 cm) (0.8 eV)(1.6 x 10-19 J/ EV)) (8.17)

Il

| —

+
~—

E L (1015 em (0.01 W)(o.os)
£

1l
e
=

d) Increasing the laser bias will produce a higher photon density, which will shorten the carrier lifetime
in the amplifier section and therefore increase the amplifier bandwidth.



