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ASE and Optical Gain Measurements



Experimental Determination of Optical Gain

Measurements of gain continue to be an important component to validate and refine the
design of a laser in order to meet desired performance specifications.

Optical stripe-length method

An external laser source is used to excite the sample under investigation. The laser beam
is focused as a stripe with a cylindrical lens. The amplified spontaneous emission (ASE) is
measured as a function of the stripe length and the gain is extracted from a fit of the
data. This method is applied to a material which has not yet been processed into a
complete laser structure.

Hakki-Paoli method — the laser is operated below threshold. If the length of the device
and the facet reflectivity are known, the gain can be evaluated from maxima and minima
of the Fabry-Pérot spectrum recorded with a spectrometer of sufficient resolution.

Transmission method — Requires a broadband weak light source, covering the spectral
region of interest, transmitted through the device (which should operate in the
fundamental mode with suppression of the Fabry-Pérot modes by deposition of anti-
reflective coatings on the facets). The amplification of this broadband probe light in the
diode is measured and it provides directly the gain spectra.



Review again: effective index n,

Strictly, each mode is associated with a
specific effective index at a given frequency

HF limit

k, = @ +[1,€

k, = i€
)
——E-II

—> 0\ Ho€ = ko




Optical Fields in Cavity with Gain
Fabry-Perot Cavity
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ASE Behavior below threshold
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ASE Behavior below threshold
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ASE Power Spectrum
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Modal Gain from ASE Spectra — 2
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Hakki-Paoli Method for Gain Measurement

Measure ASE spectrum

Take the ratio of the magnitude of I,,,,,, and [.,,;,
for the peaks near the m" mode A,

Calculate the mirror reflectivity and either
measure the cavity length or calculate it from the
measured mode spacing and the effective index n,,

Gain is calculated using

Gn(k) = Qr + apy,
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Signal (V)

Hakki-Paoli Method for Gain Measurement
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Hakki-Paoli Method for Gain Measurement
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Cassidy’s Method — Variant of Hakki-Paoli Method

Based on the Hakki-Paoli method, except that the ratio: 7 /1 . 1s computed.
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Relative Optical Power (d
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Characteristics of the G-A Plot
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Lossy Media Waveguides



Waveguide Realized with Lossy Media
In a material with loss or gain, the permittivity is complex

{8” >0 loss

£”<0 gain
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Propagation constant
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Gain Region (core . ; .
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Solution to Wave Equation (TE Mode)
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Equation for the unperturbed case (lossless waveguide)
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Phase and Threshold Gain Conditions (case & ~¢&” )
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Fabry-Pérot Mode Spacing
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Gain-Guided Lasers

Stripe-Geometry Laser
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Gain-Guided Lasers

Gain guided lasers have no internal lateral structure. The sole
lateral variation along y is the charge density distribution caused
by current flow from the conducting stripe and the lateral carrier
diffusion within the active region.

At threshold, charge density is maximum beneath the stripe
center, hence, most light is generated at the center where gain is
greatest. For this reason the light is said to be gain guided.

In such a structure without lateral confinement, light tends to
“leak” radially. Additionally, the charge within the active region
acts to depress the real refractive index at the lasing frequency
further enhancing the lateral radiation losses. There is
competition between “guiding” and “antiguiding”



Gain-Guided Lasers
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Consider a TE mode in the gain guided laser

Form of the Electric Field
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Wave Equation

V'E, + o ue(x,y)E, =0

A solution can be found analytically from perturbation theory in
terms of Hermite polynomials (see section 3.3 of the textbook)
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Phase Wavefront

phase propagators
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Wave vector
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The carrier density may be mapped by measuring

Carrier Density Profile

the spontaneous emission intensity profile

o Theoretical fit j
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Carrier Density Profile

If we neglect current spreading down to the depth of the active
layer from the stripe contact, a purely diffusive model yields:
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Index of refraction

The model obtained for the index of refraction has the form
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Index-Guided Lasers

Ridge-Waveguide Laser
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Confinement factor

Ridge-Waveguide Laser

The effective index can be determined
by solving the slab waveguide problem
under the ridge and outside the ridge.

Confinement along y is provided by the
effective index step.

Confinement is created by a change of
material properties along x and along y.
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Confinement factor
E=JE,(x,y.z)=3F(x)G(y)e"
Optical Confinement Factor:
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