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1. A cleaved-facet, 400 pm long, edge-emitting GaAs multiple-quantum-well (MQW) laser has
an output wavelength of 860 nm, a threshold current of 7 mA, and mode and active region
volumes of 200 and 5 um?, respectively. The effective spontaneous emission bandwidth is 110

nm. We assume internal and radiative efficiencies of unity and a threshold inversion factor, n,p,
equal to 1.3.

(a) What is the optical mode density?

(b) What is the spontaneous emission rate per unit energy per unit active volume in (s-eV-cm?®)!?
(c) What are the threshold modal and material gains for the TE mode?

(d) What is the spontaneous emission factor, £,?

(e) What is the internal modal loss?

For a current of 14 mA the laser linewidth is measured to be 3 MHz with no feedback:
(f) What is the linewidth enhancement factor?
(g) What linewidth would be expected at a bias of 21 mA?

(h) If the worst possible level of feedback is now applied, what would be the maximum linewidth
the laser might have? :
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2. A 500 pm long, cleaved-facet, edge-emitting MQW InGaAsP/InP laser chip is obtained. It is
known that the gain characteristics of the quantum-wells are as given by Fig. 4.25, and four QWs
are included in this device. Most of the threshold current is assumed to be due to Auger
recombination, internal losses are known to be 10 cm’l, and the confinement factor is 5%. Direct
current modulation measurements over a range of frequencies indicate a K-factor and damping
factor offset of 0.3 ns and 0.4/ns, respectively. These measurements also indicate an FM/IM

modulation index ratio, M/m, that initially decreases linearly and then saturates at a value of 3 as
the modulation frequency s Tficreased.

The laser is now biased such that the output power (both facets) is 20 mW and the relaxation
resonance is at 8 GHz.

(a) In the small signal frequency response, Pi/I;, what is the magnitude of the resonance peak
relative to the low frequency value?

(b) What is the gain compression factor, £?
(c) What is the linewidth enhancement factor?
(d) What is M/m at 300 MHz?

(e) What is the laser linewidth?

(f) What is the laser RIN/Af at 8GHz?

(g) What is the maximum possible 3 dB modulation bandwidth, if it is biased higher and no
parasitics are included?

If a small step in current is suddenly added on top of the original bias to increase the steady-
state output to 25mW:

(h) By how much would the output power overshoot,

(1) What time would it take to settle down to within 0.5 mW ofits steady-state value?

() Make a plot of the output power vs. time for this situation—i.e., stepping from 20mW to
25mW

(k) Make a plot of the chirp vs. time for the output shown in (j). Label the maximum chirp
excursion value.
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3. Another wafer of the same material as in problem #2 is now grown, but a large undoped SCH
region is included, and this acts as a second carrier reservoir. The time constant for the transfer
of carriers from the SCH to the MQW active is found to be 80 ps, while the loss of carriers from
the active back to the SCH has a time constant of 240 ps. The modulation properties of these

lasers are not as good as the previous batch, although the injection efficiency is almost the same.
If biased at the same value as for 20 mW output in Prob. #2,

(a) What is the relaxation resonance frequency in this case?

(b) What is the new K-factor and maximum possible 3 dB modulation bandwidth?

(c) By how much would P,/I; vs. frequency be reduced at 1 GHz relative to Prob. #2?
(d) Same question as (c) for the relaxation resonance frequency?

(e) What is the RIN/Af at the relaxation resonance frequency?
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