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To elucidate the optical coupling nature of near-field scanning optical microscope
(NSOM) probes we observed by a NSOM the lasing field of commercial laser diodes
(LDs) on their cleaved surface that was expected to be an ideal single TE00 mode
and be polarized perpendicular to the probe axis. A clear dark region was observed
at the lasing active region of the LD, indicating that the optical probe coupled only
the target near-field polarized parallel to the probe’s long axis. Many concentric
bright rings, detected in the near-field emission profile extending outside of the
optical guide layer, should be polarized perpendicular to the TE00 mode, and were
ascribed to amplified spontaneous emissions from recombination between an elec-
tron and a light hole, based on the symmetry of radiation field. Another possibility
was an optical coupling between the optical probe and the laser diode cavity, which
might modify the original field distribution inside the laser diode cavity. In both
cases the observation suggests that a near-field probe works as a novel tool to
manipulate the cavity electromagnetic field, which is a common issue to many
applications of cavities made from organic ultrathin films.
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INTRODUCTION

Many waveguides [1] are reported to be fabricated from organic ultra-
thin films and the manipulation of the existence of useful modes is
major concern. However the optical coupling to these nanostructures
is still a tough problem although it is the important interface between
the novel nanostructures and the ordinary-scale macrostructures fab-
ricated easily with conventional techniques. In the present paper we
study the characteristics of the near-field probe of near-field scanning
optical microscope (NSOM), especially concerning on what optical
modes of the target nanostructures these probes can couple with.
The majority of the research using near-field probes is a microscopy
and concerns only about the high-resolution they bring about. We
believe that it has much importance whether they can detect all the
optical modes within the target and what difference the non-radiating
near-fields have from the conventional propagating light.

As a target to study this, we adopt conventional laser diode (LD) chips
whose nanostructures are well-defined and whose optical characteris-
tics of the cavity modes are fully studied. An NSOM study is conducted
to obtain the near-field emission profile from the cleaved LD surface
[2–9] and to obtain the mapping of photocurrent induced by an optical
near-field of the probe [10], leading to the first report on the coupling
and non-coupling of the probe and the LD cavity modes.

MATERIALS AND METHODS

In the present research we used commercially available AlGaInP
index-guided laser diodes with double hetero quantum well (QW)
structures, P0 ¼ 5 mW Sanyo DL3149-054, P0 ¼ 7 mW Sanyo
DL3149-057, P0 ¼ 60 mW Mitsubishi ML60124R, as target specimen.
To place the NSOM probe tip in the vicinity of the target cleaved sur-
face of the LD semiconductor chip, we needed to open the LD’s sealed
can and make the cleaved surface exposed to the ambient atmosphere.
We needed some strategies how to place the probe tip within the Piezo
scanner’s movable range (36 mm by 36 mm) manually without colliding
the optical probe tip with e.g. large silicon substrate standing verti-
cally or thin gold wires winding around the chip [11]. The LD was
attached to a copper specimen block fabricated specifically with
enough heat capacitance to absorb the heat from the LD in operation.
We needed to modulate the LD emission via its driving current and
detect the lasing field with a lock-in amplifier. An optical spectrum
of local fields picked up by the probe was obtained by a blazed grating
polychromater equipped with a high efficiency back-illuminated cooled

74=[356] A. Tomioka et al.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
4:

21
 0

9 
A

ug
us

t 2
01

2 



CCD camera with on-chip multiplication capability of the stored and
accumulated electrons.

To map the photocurrent induced by an optical near-field the LD
chip surface was locally photoexcited by the near-field of the probe
tip and the resulting photocurrent was detected by a lockin amplifier.

RESULTS AND DISCUSSION

Figure 1(b) shows the driving current vs. the optical output curve of a
5 mW Sanyo LD. The optical output increases abruptly at 29 mA, which
is consistent with the manufacturer’s specification of typical threshold
current of 30 mA. Figure 1(a) shows the height image of the cleaved
surface of the LD chip with the anode silicon substrate (black region)
at the right hand side. The cathode metal layer is located at 60 mm
apart from the right edge, out of view in the left. When 30 mA (just
above the lasing threshold), and then 35 mA, of the driving current
was injected through the electrodes, a single broad emission profile
was observed by the NSOM, in Figures 1(e) and 1(f), respectively, elon-
gated in the direction parallel to the quantum wells (QWs). The full
width at the intensity half maximum (FWHM) was 3 mm and 2.5 mm,
respectively, which reflects the longitudinal multimode mixture and
the pure single-mode operation, respectively. Their mode difference
was confirmed by a high-resolution optical spectrum analyzer (data
not shown). The intensity peak was located at 4 mm from the chip right
edge, which was consistent with the far-field observation by a high-
magnification microscope. The distribution in the direction perpen-
dicular to the QW was wider in the right half, which may be ascribed
to an asymmetric charge distribution across the QW. The difference
in refractive index is expected to be much smaller than 10% and there-
fore can not explain the asymmetric spread of the optical field. The
FWHM parallel to the QW was about 5 mm, which may reflect the driv-
ing current confinement due to the electrode ridge structure. Since the
heat conduction was insufficient between the LD base plate and the
copper heat sink, the probe position control was unstable in this experi-
ment, leading to some artificial stripes in Figures 1(e) and 1(f) running
in the first scanning direction (horizontal). In order to avoid the probe
collision to the LD chip the spatial separation was kept at 1mm. The
images of Figures 1(e) and 1(f) should therefore be interpreted as the
medium between the near-field and the far-field.

Next, to compare the emission profile with those of high-power LDs
[Mitsubishi 60 mW LD, Figure 2(a)], the contact with the copper heat
sink was improved and the heat sink temperature was monitored. The
temperature raise was only few degrees after 1 hour operation at
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33 mA of the driving current, which was a typical experimental con-
dition to scan a large area. A stable control of probe position enabled
the scanning at the probe separation of 100 nm, which should produce

FIGURE 1 NSOM images of a 5 mW Sanyo LD observed at the probe-LD chip
separation of 1 mm. The LD was driven by 30 mA, just above the lasing thresh-
old, and 35 mA, at a single-mode lasing level, as marked by two circles in the
current vs. light output curve of (b). (e) and (f) The NSOM images of the
detected optical field at the driving current of 30 mA and 35 mA, respectively.
The vertical white line shown in (e) indicates the LD chip right edge deduced
from the simultaneously obtained topography of (a). (c) and (d) The intensity
line profile of the images (e) and (f), respectively, along the horizontal line
across the center. FWHM was indicated by an arrow across the peak position.
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FIGURE 2 NSOM images of a 60 mW Mitsubishi LD observed at the
probe-LD chip separation of 100 nm. (a) The driving current vs. light output
curve, (b) topography of the LD surface, (c), (d) and (f) the optical near-field
image observed at the driving current of 25 mA, 33 mA and 30 mA, respect-
ively. (e) The optical spectra of the local field detected at the spots marked
as A, B, C and D in (d). (g) The mapping of electric current produced by
the free carriers excited by an optical near-field. No bias voltage was applied.
Only part of the map was shown in (f) and (g). All the scale bars indicate
10 mm. The deduced location of the LD active region is indicated by a triangle
in (c), (f) and (g).
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a true near-field image. The resulting emission profile [Figs. 2(c) and
2(d)] showed no intensity in the LD active region. The Si avalanche
photodiode used for detection had sufficient sensitivity over the whole
visible wavelength. Optical field was detected only outside of the guide
layer extending out over 5 mm or more. Below the threshold current it
appeared as a continuous profile while above the threshold it appeared
as concentric rings with multiple spots along them. After the scanning,
the probe was repositioned at these spots and the spectrum of the
detected optical field was recorded by a spectrometer with wavelength
resolution of 0.4 nm [Fig. 2(e)]. The strong spots, as indicated as A, B
and C in Figure 2(d), showed narrow peaks with full width about 3 nm,
which implies that these mode fields correspond to amplified spon-
taneous emissions (ASEs). At the same driving current of 33 mA, the
far-field observation by a high-resolution optical spectrum analyzer
showed a 780 nm single-mode lasing and only a faint power at several
other neighboring longitudinal modes with multiples of 0.1 nm apart;
there were no noticeable modes above 786 nm. This observation sug-
gests that the ASEs described above may be non-radiating modes that
only a near-field probe can detect. Furthermore, there is a possibility
that a near-field probe might modify the LD cavity inducing these ASE
modes and that these ASE modes did not exist without the probe in a
vicinity of the chip surface.

To elucidate the nature of the dark region along the LD active
region, the LD chip surface was photoexcited by a probe’s near-field
and the resulting photocurrent was recorded as a function of the probe
location. The obtained photocurrent mapping [Fig. 2(g)] clearly
showed the location of the active region. The spatial spread of 0.6 mm
perpendicular to the QW represented the diffusion length of the photo-
produced free carriers. The diffusion length was far shorter than those
shown in Figure 1 because no potential gradient was imposed in the
photocurrent experiment.

The white stripe representing the intense photocurrent in Figure
2(g) corresponds well to the dark stripe in the optical emission profile
[Fig. 2(f)]. Since the experiments of Figure 2(f), and then 2(g), were
performed consecutively, the dark stripe in Figure 2(f) did not mean
the deterioration of the active region. The far-field image still showed
a single strong lasing that should exist in the experiments of Figures
2(c) through 2(f). The dark stripe, therefore, should be interpreted as
non-coupling of the probe with this radiating laser mode. This lasing
single-mode is known to be the TE00 mode [12] whose electric field is
ideally polarized parallel to the QW layer [in the vertical direction
in Figure 2(f)] and also parallel to the LD chip surface. The near-field
profiles remained identical even when the target LD chip was rotated
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by 90�, which means that the optical probe can not couple to the radiat-
ing field with the electric vector polarized perpendicular to the probe
axis. This model of the probe-field coupling is consistent with the
previous observation [13] that the fluorescence of the organic dye
aggregates was not detected by an NSOM probe when the transition
moment of the dyes were aligned perpendicular to the probe axis.

To make sure that the observation that the probe couples only to the
longitudinal electric field was not due to the properties of a specific
LD, a medium-power 7 mW Sanyo LD was then scanned by the NSOM

FIGURE 3 NSOM images of a 7 mW Sanyo LD observed at the probe-LD chip
separation of 100 nm. (a) The topography of the LD surface, (b) the optical
near-field image observed at the driving current of 30 mA, (d) the mapping
of optical near-field excited current. The deduced location of the LD active
region is indicated by a triangle in (b) and (d). (c) The horizontal line profile
across the center of (d). The scale bars indicate 10mm.
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at the same probe-surface separation of 100 nm. A dark stripe was con-
sistently observed in the emission profile [Fig. 3(b)] and the location of
this stripe was confirmed to correspond to the LD active region by a
NSOM mapping of the near-field (photo)excited current [Fig. 3(d)].
The line profile [Fig. 3 (c)] across the center in the direction perpen-
dicular to the QW indicates the wider full width of 1.5 mm where the
electrode ridge structure does not affect the current distribution.

The many spots along concentric rings detected in the near-field
emission profiles may be originated from recombination between an
electron and a light hole rather than an electron and a heavy hole.
Established discussions [12,14] concerning the symmetry of these dif-
ferent types of radiative recombination inside semiconductor QWs
argue that electron=light hole recombination should produce photons
polarized perpendicular to the electron k-vector that points perpen-
dicular to the quantum well layer. This prediction supports our
interpretation of concentric modes being observed only by the NSOM
that has the coupling capability only with the optical electric field par-
allel to the probe axis.

CONCLUSIONS

Spatial emission profile of LDs was observed by an NSOM and it
showed a single broad peak, which was in good agreement with the
far-field observation, when the probe was separated by 1 mm from
the LD chip surface. This single peak did not observed, however, when
the probe separation was 100 nm, i.e. in the near-field regime, and
many spots appeared instead along concentric rings outside of the
active region showing sharp spectra like ASEs at far longer wave-
length than the familiar sub-lasing multimodes. The inability to cou-
ple with the TE00 mode might be ascribed to the characteristics of
the near-field probe, which is consistent with our previous report.
The possible ASE modes observed only by the near-field probe opens
up new measures to detect non-radiating hidden modes inside cavities.
Furthermore it suggests that the probe may work as a tool to modify
and create optical fields inside the cavity.
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