In the following questions we wish to design an InP-based 1550 nm sampled-grating DBR
(SGDBR) and a ring-resonator mirror (RRM) laser using an analogous vernier tuning
mechanism. '

Both use an ‘offset quantum-well’ gain region integrated with a common underlying passive
waveguide consisting of 1.3 pum bandgap quaternary material, 350 nm thick, as illustrated in Fig.
8.7 of the Text for the SGDBR. The gain region incorporates 7—7nm thick—InGaAs QWs
- separated by 7nm thick barriers also of 1.3 um bandgap Q-material. The material gain within
each well can be approximated by g = 650 In(J/60) cm™, where J is the current density per well |
given in A/cm?, and the well material index is 3.56. The injection efficiency is 0.7 for both

active and tuning sections. ' -

Where needéd, assume the waveguides are 3 pm wide with negligible current spreading, and the
waveguide modal group indexes in the active and passive sections are 3.9 and 3.8, respectively.

 Neglect any change in modal index in the grating regions. We also assume a passive modal loss

of 5 cm™ in the straight passive sections with an additional 3 cm™ in the curved and coupler

regions of the RRM laser, and a modal loss of 15 cm™ in the active sections when lasing. We
assume the tuning (phase) sections are tuned by current injection, that the recombination is
radiative with B = 0.5 x 10™'% cm®/s in the Q-material, and that the Q-material index and loss
change by An = - 0.01 AN and Aa=5 cm™ AN, respectively, for the increase in carrier density

AN given in units of 10" cm™.

(20 pts) - .

1. For the active, passive, and tuning waveguide sections:

(a) What is the effective index of the passive waveguide secfions?

(b) What is the effective index of the offset QW active sections?

(c) What is the modal gain vs. terminal current formula for the active sections?

(d) For the 75 um long tuning sections, what current is required for a modal index change of
0.005, and what is the new modal loss at that current?




(4OPtS) -
2. The SGDBR, lllustrated in Flg 8. 7a,, has the followmg dimensions:
--gain length = 500 um,

--phase tuning length = 75 pm, (neglect space between gain and phase and phase and mlrror)
--grating burst length in the mirrors = 5 yum, -

--grating couplmg coefficient (in the bursts) =300 cm™,

- --back mirror, #2, has 10 bursts with a sampling penod 50 um,

--front mirror, #1, has 3 bursts with a sampling perlod 40 pm

(a) What are the maximum poWer reflections of the front and back mirrors? .
(b) What are the FWHM widths of the power reflection peaks for the front and back mirrors?
(c) What is the wavelength spacing between peaks in the front and back mirrors? '

- (d) What is the overall FWHM envelope bandwidth of both mirrors (where the peaks in the
power retlection spectrum fall to half of the center Value‘?

(¢) What is the axial laser mode spacing?

- () How much current is required on the back mirror to move from one mirror peak alignment to
‘the next (assuming the center peaks are aligned for zero current)?

(g) How much current is required on the phase section to tune from one axial laser mode to theh
next (assuming a pair of mirror peaks are aligned at some wavelength)?”

(h) Assuming the central mirror peaks and an axial cavity mode are aligned at zero current, what

currents are required on the back mirror, the front mirror and the phase section to continuously
tune the laser output by exactly 1 nm? -

(1) What are the laser threshold current and dlfferentlal eﬁimency for no tuning currents?
(J) What are the laser threshold current and differential efficiency‘for tuning currents on both
mirrors and the phase section sufﬁment to change all of the modal mdexes by 0.005?
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