(30 pts)
1. A cleaved-facet GaInAsP/InP SCH-MQW Fabry—Perot laser is constructed for lasing at

1550 nm. The MQW material con31sts of four-7 nm wide InGaAs lattice-matched wells and

three-7 nm Wlde 1.25 ym-Q matenal bamers as characterized 1n F1g 4.25. The rest of the

SCH waveguide consists of this same 1.25 pm-Q barrier ma,tenal with an index of 3.37. Its

total thickness is 350 nm. InP with a_n index of 3.17 clads the slab waveguide topand

bottom. The injection efficiency is 0.7 and the average modal loss is 10 cm™. Neglect lateral

effects on current density and effective index—assume a lateral width of 3 um if necessary.

(a) Using a perturbation approach (calc three-layer guide and then add MQW) determine the
effective modal index of the waveguide? |

(b) For a length of 500 um, what is the threshold modal gain?
~ (c) What is the threshold current density at the terminals for this length?




(70 pts) _
2. A 1550 nm directional coupler 1S formed in InGaAsP/InP system, as illustrated in Figure 2.

The waveguide spacing, s is 3 um, the same as the widths of the waveguides. The waveguides

have a lateral effective index step of 0.015. Neglect the coupling between the waveguides that
occurs beyond the region indicated by the Figure 2.

(a) Determine the effective index of the waveguides

(b) Determine the lateral ky, and vy '

(c) Determine the coupling constant, «, between the two waveguides in the coupling region, and
the couphng length L,

(d) What length, Lcoup should be chosen for a 3dB coupler: 50% of the input power to each
output?

Now we have fabricated the structure, using the value for Leoup from part (d). Due to the

photoresist reflow, the Wavegmde widths ended up being 3.3 um, leaving a 2.7 um gap between
the waveguides.

| © (e) What will the new coupling constant « be?

5

(D

(0

(f) For case (e), what will the output power ratio between the top and the bottom waveguides be?

Finally, in trying to fix our fabrication process, we ended up with the output waveguide wider

that the input waveguide (whose width ended up being 3 pm precisely), so that B,-p, = 0.8(n/

cl)

(g) What is the effective index of the output waveguide?
(h) What is the output power ratio between the top and the bottom waveguides‘7

We have decided to use a general mterference based MMI, whose width 1s 9 um, and the access
waveguides are 3 um, using the same waveguide structure. '

(1) What is the optimum length of this 3dB coupler?
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