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*—5.1:

There are a number of clues that lead to conclusions about the value of the current relative to its
threshold value:

1) There is significant stimulated emission output, which implies that the laser is operating
above threshold.

2) The stimulated emission rate, Ry, is significantly more than the absorption rate, R,,.
This implies that there is a large population inversion, which implies a large gain. This
implies that the laser is operating near or above threshold.

3) The best clue, however, is the relative rates of carrier flow from the carrier reservoir:
Ry =Ry =~ Rlp + R,

Since this implies ;1 » 7= + ;1 as mentioned at the end of section 5.2.2.3 on p. 193.
We can deduce that
Iw 21”.
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*_5.2:
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Eq. 5.37 can be rewritten as directed in the text:
d | dN —YINN —INP dN 0
dt [dNP] > [ ven  —ypp| |dNp| TUNP | _gq
Making substitﬁtions as in Eq. 5.39, we get an equation similar to Eq. 5.40:

jw+INN  INp Ny 0
[ ~YPN  Jw+ 'YPP] Nm] S [1]
Let A be defined as in Eq.‘ 5.41. Then
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So, we have

Ny = (u,Npa,,.l)Z:—;H(w)
R
Npi = (_u,Npamx)"L"";JiH(w)
R

The output power is proportional to the photon population, Np, and the mirror loss, ay,,. So, to first
order, Py will have two terms. Combining Eqs. 6.5, 5.6, and 5.7,

Po = FyyhvVpa, Np
Py = FughvVp(amoNp1 + amy Npg)

The main distinction between modulating mirror loss instead of current is the phase of the carrier
population oscillation relative to the photon population oscillation. Current modulation directly modulates
the carrier population, which is coupled to the photon population. Mirror loss modulation directly modulates
the photon population, which is coupled to the carrier population. In each case, the phase (of modulation)
for the directly modulated population preceeds the phase of the coupled population.

Also, the photon density displays a low frequency pole in the response such that it drops off at
20 dB/decade rather than at 40 dB/decade.
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First, find Hpc(w):

dl
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Figure 5.4. Equivalent circuit diagram for laser.

The diode has an impedance of R in its “ON” state.
(RIC) _ ,, Fadwe 1
dlgode = dIS=E2L = graHWC _ gy
R R
Hpe(w) =
H(w) for the laser diode is given by Eq. 5.46:

Hw) = —

From the problem statement, we know that
R=109Q

wr = (20 GHz)2x = 1.257 x 10'%rad/s

¥y 0

wsdp = 1.55(20 GHz)2x * 90% = 1.75 x 10'rad/s

N
—w? + jwy

1+ jwRC
1

1+ jwRC

(5.46)

(using Eq. 5.54)

Use the limitation on bandwidth to solve for capacitance:

% = |Hrc(wsdB) H(wadn)|
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:
Find the poles of the denominator of Eq. 5.59:
wh —w? 4+ jwy =0

(jw)? + (jw)y +wh =0

jio= —vﬂ:v'r"-‘iwg
= 5 .

. Thus, we see the poles occur for

2
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0_3w+2:};1w3 1 (2 )

. , 0=jw+ 381,
ere 81,2 are defined by Eq. 5.60.
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