g o o¥ W

CHINESE JOURNAL OF SEMICONDUCTORS

FoaBE 11 M
2003 “E 11 H

Vol. 24, No. 11
Nov., 2003

Fabrication of Windowed Very-Small-Aperture Laser Diodes’
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Abstract: A windowed very-small-aperture laser (VSAL) source for use in high—resolution near field optical data
storage is fabricated. T he windowed regions are introduced to avoid shorting the pn junction with metal coating and
suppress the COD effect. It facilitates producing VSAL by simplified technology and improves the laser perfor—

mance. A VSAL with 400nm small aperture is demonstrated by focused ion beam (FIB) and the output power is

0.3mW at 3ImA.
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1 Introduction

In recent years, an ultra-high density optical
memory using optical near field is attracting much
interest for future Tera byte optical data stor-
age'". Optical nearfield aperture storage technique
uses a beam of light exiting a sub-wavelength size
aperture in an opaque screen to record on a media
within its close proximity. With this technique, sol-
id immersion lens (SIL) microscopy'”, scanning in—
terferometric apertureless microscope ( SIAM )
and near-field scanning optical microscopy
(NSOM )" have extended the spatial resolution of
optical microscopy beyond the diffraction limit. Da—
ta densities of about 45Gb/in’ are reported'". How -
ever, a shortcoming of these prior art methods of
near-field imaging is the relatively low attained
read-out rate for the insufficientlv strong light to
interact with the sample. Up to now, the amount of

light available from aperture near-field sources has
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been very small (= 50nW for 100nm to 200nm
aperture) leading to the recording and readback
rate of about 10kHz"', limited primarily by shot
noise.

As an active near field source, very-small-
aperture laser diodes (VSAL) that have 10" times
greater output power and 24Mb/s data rate than
any previous apertured nearfield sources'”. The
VSAL consists of an edge-emitting laser diode with
a metal-coated facet where a small aperture is cre—
ated. The technology of fabricating a submicron
aperture through a metallic coating to form a
VSAL is very complex. Especially on the antire-
flection layers additional dielectric layers should be
deposited to prevent the pn junction short, because
the sputtered metal layer will pervade to the facet
of the electrodes. So it is difficult to fabricate this
laser in mass production favorably. In this article
an optimized 650nm VSAL with a window in the
vicinity of emitting face is fabricated. T he introduc-

ing of the window structure solved the problem of
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and the density of storage are highly dependent on
the wavelength of light, we use lasers at A= 650nm
which are the shortest wavelength in our laborato-
ry. To fabricate the VSAL, the conventional edge-
emitting ridge waveguide lasers are used. Schemat-
ic structure of the windowed very small aperture
laser with 50um window width for 450um cavity

length is shown in Fig. 1.
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Fig. 1  Schematic diagram of the windowed very-

sam|l-aperture laser diodes

According to the theory of optical thin film'",
it is possible to select a multilayer coating that pro-
vides a low transmittance and reflectance at radia—
tion wavelength A, and provides the high transmit-
tance after a portion of the coating removed to
form aperture. So the light radiation will emit from
the aperture. The layer thickness of SiO: and Au
are 212nm and 60nm, respectively. Figure 2 shows
the computed transmittance and reflectance curves
for Si02/Au multiplayer coating. Curve 1 gives the
transmittance through the SiO: layer from the
semiconductor into air. Curve 2 gives the re-
flectance of coating back into the semiconductor,
and curve 3 gives transmittance through the Si02/
Au coating from the semiconductor into air. For

metal layer, Au, Ti, and Al all with high absorption

flectance on wavelength

3 Device fabrication and properties

The window structure is made by lift-off the
Ti/Pt/Au p-type contacts. And then is sputtered
Si0:2 in the windowed region. Formation of the di-
electric multilayer coating (SiO2) on the endface of
the edge-emitting semiconductor laser is accom-
plished by electron cyclotron resonance ( ECR)
chemical vapor deposition. The metal layer (Au) is
deposited by magnetron sputtering.

After coating formation, the metal layer is re—
moved from a portion of the emission face to form
the aperture by focused ion beam (FIB) etching.
Typically the removal is carried out such that all
metal material is removed and at least some dielec—
tric material remains in the emission face. One of
the functions of the remaining dielectric is the pro-
tection of the underlying semiconductor. So the
best material removal is terminated soon after com—
pletion of metal removal. The FIB machines can
provide a Ga” beam focused to a spot size of 15nm,
and can position the aperture in the center of the
active region of the laser exactly. Figure 3 show the
SEM image of the metallized endface of the ridge
emitting lasers with aperture about 400pm X
700nm.

We have measured the light output power and
the operation voltage versus drive current for the
lasers. Figure 4 (a) shows the output characteristic
of a normal 650nm laser diodes. T he threshold cur-

rent is about 24mA. The power reaches 6. ImW at
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Fig.3 SEM image of in the metallized emission face

of the VSAL
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Fig. 4

injection current of the laser

Output power and operation voltage versus
(a) Output character—
istic of the normal edge-emitting laser: (b) Output

power from the VSAL

about 30mA. Figure 4 (b) shows the output char-
acteristic after the formation of the aperture. The
threshold current is lowered to about 16mA. This
result is due to the optimized layer coating for a
change of reflectivity of the facet. The maximum
output power is about 0.3mW at 31mA. The
throughput efficiency is about 5%. It is the result
that much of the energy oscillates back and forth
through the aperture facet in the form of electric
and magnetic fields, but it do not propagate away
from the aperture. The power is measured in the

far field, which represents only a small fraction of

the nearfield power available. The size and shape
of the small aperture should be optimized to im-
prove the throughput further. There is a dip in the
P+ curves, which we think due to the thermal ef-

fect. After that, the output begin to saturate.

4 Discussion and conclusion

The windowed very small aperture laser is
successfully fabricated. The windowed region pre-
vents the metal coating from shorting the pn june-
tion and simultaneously provides a region without
current injection in the endface, which suppress the
COD effect. This window structure simplifies the
technology and improves the device characteristic.
For the VSAL with 400nm X 700nm slit aperture
made by FIB, experiment results show the clear
laser behavior and about 0. 3mW output power at
3ImA for the first time. Further experiment about
the smaller aperture (< A/2) and higher output

power are under working in our group.
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