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We report mode structure and beam propagation
analysis of high power strained (In,Ga)As quantum
well lasers using the super-resolution capabilities of
near-field scanning optical microscopy (NSOM). We
are able to directly measure the optical beam waist
and astigmatism by imaging the output of the laser
diode at various heights above the device facet. In the
near-field we observe spatial shifts in the position of
the optical field between different spectral components
of the laser diode emission.

Near-field scanning optical microscopy and spec-
troscopy (NSOM) is a recent technique [1], where an
aluminum coated tapered optical fiber probe is placed
within a fraction of a wavelength of a sample and
scanned over the surface [2]. The tapered single-
mode optical fiber provides a tiny aperture through
which the light is coupled providing a spatial resolu-
tion slightly less than tip size (∼100 nm). In collec-
tion mode spectra can be obtained by coupling the
collected signal to a monochromator. The fiber tip,
used in excitation mode, provides a local optical source
allowing for near-field optical beam induced current
(NOBIC) measurements. The application of near-field
spectroscopy and imaging to laser diodes provides sub-
wavelength information on device structure, perfor-
mance, and beam properties [3,4].

In our measurement setup, the laser diode is
mounted facet up on a piezo actuated flexure stage
and scanned in the x̂− ŷ plane beneath the probe tip
which is at the focal point of a reflecting objective on
a metallurgical microscope. Simultaneous shear-force
topography is used to control the tip height z ∼ 10nm
in both excitation and collection modes.

We studied high power strained (In,Ga)As graded-
index separate confinement heterojunction (GRIN-
SCH) laser diodes [5] These devices emit at 980 nm
and are designed to pump Erbium doped fiber ampli-
fiers. The structure consists of a single InGaAs quan-
tum well sandwiched in a symmetrical waveguide of
graded AlGaAs cladding layers. The cavity facets are
dielectric coated for front and rear reflectivities of 0.1
and 0.9, respectively.

Figure 1 shows an image of the sample topography
and the laser emission as measured in the near-field.
The laser mode intensity is plotted as contours super-

imposed on the topographical image of the laser facet
and mesa structure. The metal contact on top of the
mesa slightly protrudes over the facet of the device.
This image is typical of the mode structure of the de-
vice up to 200 mA. The laser emission profile is cen-
tered under the mesa and over the active region as
determined by NOBIC measurements [4]. Slight dis-
tortion at the edge of the emmision profile is believed
to be due to the deep mesa etch.

Figure 2 is a series of images of the laser mode in-
tensity collected with the near-field probe at various
heights above the laser diode facet. The first image
was taken in the near-field (z ∼ 10nm). Each suc-
cessive image is 1µm further from the facet with the
last image at 7µm from the surface. From this se-
ries of scans we measure the variation of the spot size
of the mode along the optical axis. Figure 3 shows
the spot size measurements (where the intensity has
dropped to 1/e of the maximum value) as determined
by fitting the intensity profile with Gaussians in both
lateral and vertical dimensions as shown by circles and
squares, respectively. On the same figure, solid lines
show the fits of the spot size variation along the opti-
cal axis to a propagating Gaussian beam. The fit for
the vertical axis makes use of a beam waist derived
from the asymptotic divergence angle of the optical
field measured in the far-field. The minimum waist

Fig. 1. Near-field collection mode image of the GRINSCH laser
diode emission intensity (contours) superimposed on the topograph-
ical shear-force image (grayscale).
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Fig. 2. Image of the mesa structure as recorded by shear-force and
images of the beam propagation from the near-field to 7µm from the
laser diode.

position and the confocal parameter are the parame-
ters. The derived confocal parameter matches closely
with that expected from the beam waist for a Gaussian
beam. For the lateral dimension, the beam waist, its
position, and the confocal parameter are the variables.
We observe a monotonically diverging beam along the
vertical dimension. The position of the vertical beam
waist is extrapolated to be approximately 0.5µm below
the facet. The beam profile in the lateral dimension
(in the plane of the layer structure), however, exhibits
a minimum in the waist diameter at approximately
3µm from the facet. The derived values for the lat-
eral beam waist and the confocal parameter suggest a
non-Gaussian profile as observed in the near-field. This
measurement of the beam waist represents, to the best
of our knowledge, the first direct measurement of laser
diode astigmatism by NSOM.

We have also carried out spectral measurements on
these laser diodes. At high currents (> 200 mA), we
observe longitudinal modes in several groups. These
sets of longitudinal modes are believed to correpond
to different transverse modes [4]. Near-field analysis
of the spatial distribution of these spectral features re-
veals TEM0,0–like mode shapes for each of these spec-
tral components. While all of the components of the
lasing spectrum have similar profiles, a spatial shift of
the peak position of these modes is clearly observed.
Figure 4 shows the lateral profiles of three simultane-
ously lasing components.

In conclusion, we demonstrate a direct method for
measuring the beam propagation and waveguiding
properties of high power ridge laser diodes. Beam waist
and astigmatism measurements are made by imaging
the beam from the laser facet in the near-field and at

0.0 2.0 4.0 6.0 8.0
Position (microns)

0.0

1.0

2.0

3.0

4.0

S
po

t S
iz

e 
(m

ic
ro

ns
)

Fig. 3. Experimental measurements of the lateral (circles) and ver-
tical (squares) spot size dependence on position. The solid lines
represent fits to the data assuming Gaussian beams.
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Fig. 4. Lateral profiles of simulataneously lasing components ob-
tained by integrating the spectra over three different wavelength
regions at every spatial point. A shift in the peak position is clearly
observed for different spectral components.

multiple points along the optical axis outside the laser
cavity. In the near-field, spatial shifts in the location
of the lateral position of the mode are measured for
multiple spectral features.
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