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Summary We present for the first time the local spectral analysis of quantum well laser devices recorded in the near-field
region. The distribution of mode spectra along and across active region was scanned using near-field scanning optical

TTHCT

scopy (NSOM). This experimental technique in combination with the near-field analysis of optical field could be

effective optical tool for the final diagnostic of optical waveguide and laser device.

1. INTRODUCTION

Near-field scanning optical microscopy (NSOM)
is an exciting class of optical microscopies, which
can provide optical resolution better than the
diffraction limit [1, 2, 3]. One realization of NSOM
uses optical fiber-tip with an aperture that is much
smaller than the wavelength A of the detected light.
Typically, an optical fiber is pulled to a small tip
(eventually metal coated) with an aperture in the
range of 100 nm. This fiber-tip is then placed very
close (in order of 10-100 nm) to the sample surface.
The application of near-field  imaging in
combination with spectroscopy to optoelectronic
devices and laser diodes provides subwavelength
information on a device structure, performance and
their output properties.

The emission profile is obtained by coupling the
emitted radiation into the fiber-tip moving along the
investigated emitter (collection mode). The fiber-tip
can be used also as a local tunable optical source
exciting (excitation modej a photocurrent in the
near-field region of an investigated structure -
near-field optical beam induced current (NOBIC)
[1.2]. The emitted optical field from the front laser
facet can be determined using collection mode.
When the fiber-tip is placed close (in order of
10-100nm) to the front laser facet the near-field
profile of laser diode could be obtained.

Laser devices based on multiquantum well
structures became attractive in last decade because
of their excellent optical properties. We present here
the characterization of multiquatum well laser
structure based on GaAs material with InAs
monolayers. The spectral mode spectra of laser
devices based on this structure as well as band
calculations were published in [4]. In this paper we
focus on local spectral characterization of
InAs/GaAs MQW laser device using near-field
scanning optical microscopy as well as the near-field
shape. Using of experimental setup based on
collection mode the profile of optical field of laser
diodes based on multiquantum well structures with
InAs monolayers in GaAs in active region was
investigated {4].

2. EXPERIMENTAL METHODS

In experiment the optical field of the stripe
semiconductor laser diode has been investigated.
The quantum well laser diodes based on GaAs
material in active region with InAs monolayers were
used. The electrical and optical confinement of these
diodes consists of p,n-doped AlyssGagesAs layers.
On the bottom of the structure the vertical
AlAs/GaAs resonator was processed to improve
optical properties of laser device. The spectral
region of operation of these quantum well laser
diodes is in the range of 910-930 nm and FWHM of
mode is ~0.2nm [4].
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Fig. 1 Schema of experiment: aj for near-field shape
measurement, b) for spectral analysis. G-pulse
generator, NSOM —near-field scanning optical

microscopy arrangement, LD-laser diode, LO-Lock- in
amplifier, SA-spectral analyzer
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scanning  optical
microscopy - p 50nm. The fiber-tip
diameter used for field detection was better than
200nm [4]. The fiber-tip was placed <30nm close to
the front laser facet. Two experimental setups were
used to analy shape of laser device
and the laser emission spectra:

2 Detail of NSOM experiment on front laser facet.
CH ~laser diode chip, I'T — fibre-tip, TC — top contact.
GO — bottom contact, W — gain guided waveguide

1) For the near-field shape investigations of laser
diode the experimental arrangement with Si-detector
has been used (Fig. 1a).

1) The  spectral  analysis  measurements  were
mvestigated using the spectral analvzer Anritsu
HS 97108 with spectral range 0.6-1.7um (Fig. 1b).
The spectral analysis using NSOM experiment at
different positions of fiber-tip on the front laser facet
was determined as is shown on detail scheme of
experiment (Fig. 23, The laser mode spectrum has
been recorded at different driving currents in
stimulated emission. For the spectral analysis using
NSOM the following advances were used:

i} Mode laser spectrum has been recorded at
different vertical positions of the NSOM fiber-tip
from the front laser facet. Vertical step of
experiment was set to 300am. Horizontal position
fiber-tip was set to get the maximal intensity.

11) Spectral analysis at different driving currents has
been taken at defined vertical positions of fiber-tip.

3 EXPERIMENTAL RESULTS

From dependence of
current the threshol
determined (Fig. 3}
laser diode are:
22um.
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Fig. 3 Dependence of optical power vs. driving current
with estimated threshold current value 1y=40mA

diagnostic and spectral analyzer with spectral
resolution 0.07 nm. The measured mode spectrum of
laser diode in different vertical position of fiber-tip
on the front laser facet with step of record 300 nm is
shown in Fig. 4a. For these vertical measurements
the horizontal position of fiber-tip was set to obtain
the maximum intensity of signal. The corresponding
density  image of mode spectrum distribution
scanned vertically across active region is shown in
Fig. 4b.

The peaks in laser mode spectra correspond to
fongitudinal modes in the Fabry-Perot resonator.
Their wavelength separation could be determined
from simple approach for Fabry-Perot resonator:

AA = (D
2nd

where 4 is the wavelength one of adjacent modes,
no1s refractive index and d is resonator length (in
stripe laser diode d is stripe length). The mode
separation  of the investigated laser diode for
adjacent  modes  (maximum  at wavelength
A=919.8 nm) was determined from measured spectra
AA=0.5nm. This experimental result corresponds to
theoretical  caleulation  AA=0.507 nm.  following
equation (1) and taking inte account the waveguide
parameters of laser diode stripe (length d=235um
and refractive index of active region nyg,40=3,55).
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Fig A a) Laser mode spectrum at different vertical
positions of fibre-tip at driving current I=30mA and
vertical step 300nm, b) interpolated density image.
Note, zervo vertical position doesn’t correspond to the

mididle of active region.

In all range of vertical scanning only longitudinal
modes corresponding to Fabry-Perot wavelengths
were observed. From these spectral dependencies
scanned along vertical axis of active region the
near-field profile was calculated as a simple
integration in the wavelength range 915-925 nm in
all wvertical positions. The calculated near-field
profile was compared with measured data scanned in
vertical direction using Si-detector. Good agreement
of near-field profiles obtained using both of methods
is shown in Fig. 3. The weak shoulders on sohid
curve reflect the fiber-tip surface inhomogeneities
originated from the technological imperfections of
fiber-tip preparation [5].

In all vertical positions the current dependencies of
laser mode spectra were measured. Corresponding
current dependencies in vertical pos )
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Fig.5 Measured near- field profile of laser diode in
vertical direction (solid line) and ilntegrated near-field
profile from measured spectral dependencies
approximated with Gaussian curve (dash line).
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Fig.6 Laser mode spectrim at different driving currents
recorded at vertical position +300nm. Additional peaks
{add.p.) in spectra are shown.

are shown in Fig. 6. By increasing the driving
current the intensity of the longitudinal mode at
919.8 nm increases while the intensity of other
modes  lightly  declines. In  these  current
dependencies the additional peaks (add.p.) have
been observed. Their positions in  spectral
dependencies do not correspond to the longitudinal
Fabry-Perot resonator wavelengths. Their behavior
as well as their origin will be subject of forthcoming
investigations. We suppose their relation with lateral
modes of planar waveguide. We believe. that the
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spectral analysis using NSOM diagnostic in the
horizontal direction could reveal more about their
arigin.

4. CONCLUSION

To our knowledge we employed the local spectral
analysis with NSOM diagnostic for the first time as

the optical tool for the near-field characterization of

laser devices. This method shows the intensity as
well as the spectral distribution in different positions
of the NSOM fiber-tip in the laser near-field. These
results could reveal the longitudinal and lateral
modes behavior and could give the complex
waveguide characterization in the stripe laser device.

Acknowledgement

The authors would like to thank Ivan Turek from
Department of Physics of Zilina University for
helpful comments and discussions.

This work has been partly support by Slovak
National Grant Agency No. 1/2048/05, No.
10152/03, No. 1/0130/03 and by International Laser
Centre.

REFERENCES

[1]W. D. Herzog, M. S. Unlti, B. B. Goldberg, G.
H. Rhodes, C. Harder, Appl. Phys. Lerter 70, 1997,
pp. 668

(2] G. W. Bryant, E. L. Shirley, L.S. Goldner, E. B.
MecDanel, J. W. P Hsu, Ro T Tonnuci, Phys. Rev. B,
58, 1998, pp 2131

[3] A. L. Campillo, J. W. P. Hsu, C. A. White, C. D,
Jones, Appl. Phys. Letter, 80, 2002, pp. 2239

141 D. Pudis, 1. Martincek, 1. Turek, M. Michalka, J.
Kovag¢, jr.. in Proceedings of 10" International
Workshop on Applied Physics of Condensed Matter,
Casta-Pila, 2004, pp.215-218

[5]D. Pudis, I. Martincek, in Proceeding of

WSeminary of unconventional Technologies™, June
2004, Zilina, pp.22






