EYS-6606 Photonics Evaluation of the course:
Exam 3.4.2014 Exam 50 % , Home assignments 50 %

Programmable calculator is allowed (laptop is forbidden)
Sheet of equations is allowed (provided with the exam)
Select 5 out of 6 exercises (or 5 with the lowest points will be counted)

1. Define/explain the terms briefly (max. 5 sentences): Dispersion relation, effective index, chirped fiber
Bragg grating, phase matching, group velocity, shot noise. (6p)

2. Cavity of a tunable Fabry-Perot interferometer is made of slab of silicon and two mirrors on its
surfaces. Refractive index of silicon near 1550 nm is: n(A,T)=ng+n’(Ag-A)+o(T-Ty), ng=3.47771,
n’=8.3e-5 nm, A,=1550 nm, T,=300K, o=1.5e-4 K-1. Use T=300K if not othervise instructed.

a) Desing a filter for optical telecommunications with its peak exactly at 1550 hm and linewidth less than
1 GHz. What should the length of the cavity and reflectivity of the mirrors be? Note: Maximum length
of the cavity is determined by the thickness of 160 um of the slab. (2p)

b) What is the FSR of the designed filter? (2p)

¢) How much the temperature needs to be tuned to shift the peak position 100 GHz? (2p)

3. The figure illustrates total internal reflection
(Nprism=1-45, ny;;=1.0, A=633 nm).
a) What is the angle 6,, when total internal
reflection at the bottom surface takes place? (3p)
b) What is the ratio of output intensity to input
intensity at this angle for TE-polarization? (3p)
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4. Fiber Bragg grating has a sinusoidally varying refractive index.
a) Explain the applications of this grating. (2p) i ninhaie Ry
b) Calculate the expression for reflectivity at the center of the
reflection band from the coupled mode equations (at wy). (2p)
c) How long grating is needed to achieve a reflectivity of 99.9%
(k=1000 1/m)? (2p)
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5. Asymmetric slab waveguide.
Substrate (n;=1.7), waveguide (n,, =2.0) and thickness d=800 nm, cladding is air.
a) Explain the principle of a grating coupler to excite the modes of the waveguide
. from air (3p).
b) Design a grating coupler (period of the grating) to excite the TE;- mode at 800
nm (n.¢(TE,;)=1.8375). Give the period of the grating and incident angle.
(Note: many solutions are possible)

6. The attenuation of a 1550 nm wavelength in an InGaAsP material is o = 6.0 cm™. Reflectivities of the

laser cavity mirrors of a Fabry-Perot laser are R, = 0.9 and R, is the reflection from the air-semiconductor

interface, respectively. Effective refractive index of the waveguide mode of the laser is n = 3.4 and it's

group index s 3.7.

a) Determine the gain threshold, G, necessary to achieve laser action if the cavity length L=500 pm.
(2p)

b) What are the lasing wavelengths near 1550 nm? What is the spacing AA between these modes? (2p)

¢) How could you modify the structure to achieve single-mode operation (only a single wavelength is

lasing)? (2p)
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Maxwell’s equations and boundary Wave-equation and wavevector
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Transfer matrix method
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Transfer matrices
Transmission through an interface Free-space Total matrix — Multiply T and P matrices
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Fabry-Perot etalon (or F-P interferometer) 7”’"“'”7
Positions of the transmission peaks o FSR
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For dispersive materials n, is group index
Quality factor (Q-factor) Decay of the field in the cavity
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Waveguides
Fields of the modes Effective index
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Periodic structures
Dispersion relation of a periodic structure
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This gives the relation between the Bloch wavenumber, K, and o (for TE-polarization)
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Solution of the coupled-mode equation for counter-propagating modes (Bragg gratings) as a T-matrix
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Coupled waveguides
Solution for co-propagating modes (Directional couplers)
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Lasers V/q
Threshold condition for a Fabry-Perot laser Rate equations to model the
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sin?(ar)+cos* () =1
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