Chapter 5: Dynamic Effects

*—:.

Find the poles of the denominator of Eq. 5.59:
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Thus, we see the poles occur for

2
=ittt 1/ S (e
O—Jw+2ﬂ:Jle (%R)

0= jw+ sy

or

where s; 7 are defined by Eq. 5.60.
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5.7

Given in Problem
L =300um
w = 3um
t=3x 80A
dl = (10)(2*In) = 0.2I,
Ao=0.98um
<> = 5cm’’

From table 5.1 we get:

group velocity: v,

gain parameters: Ny, N;, g,, and €
recombination parameters: A,B, and C
resonance parameters: Ynn, yYpp, and ®r

Find threshold gain, carrier concentration, and current at steady state:
Threshold gain:

(a,)- Ll semty L1 jn !
LJ R - 0.03cm  0.32 - 718cm-1
r 0.06

grh =

Threshold carrier concentration:
From table 5.1 the gain parameters for the laser let us write

8, N+N,
g= In
1+eN, \N,+N,

Neglecting gain compression (eNp<< 1) can calculate the carrier concentration Ny, as

Np=2.48 x 10" cm™
Threshold current:

A=0

B =0.8e-10cm® /s

C =3.5¢-30cm® /s

1, = 37—V(AN,,, +BN} +CN))

i

_ (1.6e —19)(300e

— (4)');33 - 4)(803 - 8)(3) [(0.88 _ 10)(2.48618)2 + (3.56 _ 30)(2.486 _ 18)3]

= 2.356mA
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Find the steady state value for Np for I = 2.0Ig

- ﬂi (I - Im)
q8,v,Y

N, =1.067x10"%cm ™

The difference between Np for I = 2.0l and I = 2.2] is

_ ni(Al)
q8.v,V

AN, =2.13x10"cm™

dN,(t) = dN, (t = )L - e ™' cos(a,_1)]
a)osc = wR Vl_ (},/ 2wR)2

Use values in table 5.1 to solve:
¥ = 7NN + 7pp = (1.56 + 1.32)x10° = 2.88x10° 5™

(this y has been calculated using the values in the table that are valid only for P, = lmW, it will be more
accurate to recalculate these values using the correct Np)

Oosc = 1.819 x 10'° rad/s

dNp(t) = (2.13 x 101 cm?)[1-e @82 ¢o5 ((1.819x10™° rad/s)t) ]
Now calculate the power from a snigle facet:

Fv,a,(Np+dN,(@)hV
r
=1.056mW + (9.91x10™"° xdN p())ymW

P,()=

See attached matlab plot



Problem 5.7

4.5

Time (ns)



Chapter 5: Dynamic Effects

t—s.s;

Evaluate the chirp using values from Fig. 5.6 and Table 5.1.
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_ay'aAN
i (6.75)

From Table 5.1, we find most of the parameters we need:
v = & = (3/4.2) x 10'° cm/s
I'=Tg ', =0.032 x 1 =0.032
a=5.34 x 1016 cm?

a = 5 (given in problem statement)

Av

AN can be approximated using values extracted from Fig. 5.6(a). To do this,

first find wgy and 5
using the peaks of the carrier density in Fig 5.6(a).

AN = AN(t) = AN, e~ sin(wpt) (5.63)
2w 2r
] =
ty—t;  (0.55—0.1)ns
where ¢; and t; are the peaks of the first two oscillations in the carrier density shown in Fig. 5.6(a).
Since at the peaks, cos(wgt) ~ 1, we have

WR =1.40 x 100 571

AN(t1) = AN e™* x5 (3.784 — 3.774) x 10" cm~3 = 10. x 10*® em™—3
AN(t2) = ANg e » (3.781 - 3.774) x 10"® cm=3 = 7. x 10! cm—3

Solving for v and Ny,
v 75 7.93 x 108 g1

ANg = 7.58 x 10!® cm™—2

Use the analytic expression for AN in the equation for chirp:
AN(t) = ANg e™" sin(wrt) = (7.58 x 10'® cm™3) e(~7-93x10"* s™")¢ 5y (1 40 x 1010 s~1)t)

Use these values for parameters in Eq. 5.75 (see above) to find an analytical expression for Av:

Av = (3.68 x 108 571) e(=7-93x10" a7 g5 (4 40 x 1010 51)y)
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Figure 6.8. Chirp response of laser of Fig 5.6(a).
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