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1. A 1300 nm wavelength, cleaved facet, edge-emitting, strained-layer quantum-well laser,

which has a threshold current of 10 mA, has active and modal volumes of 20 and 400 pum?,

respectively. The injection efficiency is 0.7; the internal modal loss is 20 cm’; the radiative

efficiency is 0.5; the fully inverted gain (or unpumped electronic absorption) coefficient is 7000

cm’'; and electron and hole effective masses are 0.06 mq and 0.20 my, respectively. The effective

spontaneous emission bandwidth [integral of SE spectrum/RsPZl(ﬂo)] is measured to be 200 nm.

(2) What is the total spontancous emission rate per unit active volume above threshold?

(b) What is the spontaneous emission rate per unit energy (in eV) per unit active volume

above threshold near the lasing mode?

TR THPACS

(d) What are the threshold modal and material gains?

(e) What are the values of the individual Fermi functions, fi & f,, and the population

inversion factor, ng?
(f) What is the laser length and differential efficiency?

(&) What is the spontaneous emission factor, Bep?
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2. Etched mesa GaAs-based VCSELs with active regions consisting of 3-8nm thick Ing 2GagsAs

strained-layer quantum-wells placed at an E? standing wave maximum are formed. For a deeply-
etched 3 im diameter mesa, the threshold current is 300 HA, due in part to surface
recombination. Using the effective mirror model, the lossless mean mirror power reflectivity is

0.994, the one pass modal power loss is 0.5%, and the effective cavity length is 1.3 pm. The

enhancement in the confinement factor is assumed to be 1.8, and the injection efficiency is 0.9.

Small-signal rf modulation with bias currents of 1.0, 2.0 and 4.0 mA above threshold show
relaxation resonance frequencies of 8, 11.3 and 16 GHz, and damping factors of 2.1, 4.1 and 8.1

x 10'%s at the three respective biases. Measuremenf s of the FM/IM ratio, M/m, further show a

1/fm dependence at low frequencies and a saturation to a common value of 2.5 at high

frequencies—At 50 MHz M/m=80; 16U, and 320 at the three respectively biases. Neglect
heating,

From these measurements:
(a) What s the differential gain, a?
(b) What is the differential gain compression, a,?
(c) What is the linewidth enhancement factor?
(d) What is the K-factor and damping factor offset, 76?

(e) Compute the cavity lifetime from the K-factor and compare to that obtained from the
cavity losses?

(f) What is the linewidth at the three biases?

(8) At what critical level of external feedback mi ght we expect coherence collapse at the
three biases, assuming all transmission is at one output mirror?

(h) What maximum linewidths would one expect under coherence collapse?

(i) What are the RIN/Af values at the resonance peak for all three biases?

() What are the RIN/Af values if we can assume bias conditions to give the standard

quantum limit at these biases?
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(20 pts)
3. The turn-on characteristics of the VCSEL of Prob. #2 are now explored. Assume only

radiative recombination. The laser is initially biased with a current of 200 pA (100 pA below
threshold). Attime ¢ =0, the bias current is suddenly increased to 2 mA

(2) What is the turn-on delay, ,, for the carrier density to first reach its steady-state value?

For delays larger than the turn-on delay of part (a), the output power will overshoot and oscillate
back to some steady state value,

(b) Make a sketch of the output power vs. time, assunﬁng all output is from one mirror?
(c) Whatis the oscillation period for ¢ > #,?

{d) How long will it take this oscillation fo damp to 1/e of it's inttial magnitude?

(e) Approximately how much peak overshoot in output power will be observed?
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