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Abstract
One of the promising candidates to solve a problem of a performance limitation of LSI is replacing the electrical global
wiring by an on chip optical interconnection. A semiconductor membrane laser, which consists of a high-index contrast
waveguide, is expected to operate with ultra low threshold current due to an enhanced modal gain. We have introduced a
lateral current injection (LCI) structure for electrically pumped membrane laser, and demonstrate LCI type Distributed
feedback (DFB) laser with wirelike active region prepared on a semi-insulating (SI) InP substrate. A threshold current of
as low as 11 mA and a stable single-mode operation were obtained for a device with the stripe width of 1.5 m and the
cavity length of 300 m under a room-temperature continuous-wave (RT-CW) condition.

I. INTRODUCTION
It is predicted that the progress of the processing speed
and integration of large scale integrated (LSI) circuits will
soon confront limitation associated with RC delay and
large power dissipation in the electrical interconnection.
As one of promising approaches for solving this problem,
an introduction of the optical interconnection instead of
electrical wiring has been extensively studied [1,2]. In
optical devices for short-distance optical communication
systems, low power dissipation and compactness carry
significant weight compared with conventional optical
devices. Especially, in semiconductor light sources for
on-chip optical interconnections, the available power
dissipation for the semiconductor laser is estimated to be
less than 100 fJ/bit [2]. Therefore, ultra-low threshold
current operation is strongly required. The low power
dissipation of 8.76 fJ/bit has been reported with a
semiconductor laser using photonic crystal structure under
optical pumping [3]. However, the operation with
electrical pumping has not been realized yet.
For low threshold current semiconductor light sources,
microdisk lasers [4] or photonic crystal lasers [5,6] have
been reported. However these devices have some
disadvantage such as low output efficiency or large
resistance. Alternatively, we have been investigating a
semiconductor membrane laser which has a thin
semiconductor core layer and low refractive-index
cladding layers such as SiO2 or BCB [7]. Previously, we
demonstrated an optically pumped membrane laser with
low threshold pump power of 0.34 mW [8]. In addition, to
realize a current injection type membrane laser, we
introduced a lateral current injection (LCI) structure [9]
and demonstrated LCI Fabry-Perot lasers [10,11] as well
as DFB lasers [12,13] fabricated on a SI-InP substrate. In
this study, we introduced a wirelike active region
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Fig. 1 Schematic structure of the LCI-DFB laser with
wirelike active regions.

structure to the LCI-DFB laser, since low threshold
current operation can be expected due to its small active
region volume and strong index-coupling effect [14]. In
addition, enhancement of the carrier injection efficiency
was theoretically expected by introduction of etched
active regions to LCI structure [15].

II.

DESIGN AND FABRICATION

Figure 1 shows the schematic structure of the LCI-DFB
laser with wirelike active regions. Firstly, we calculated
the threshold current dependence on the cavity length, as
shown in Fig. 2. The calculated structures were the LCIDFB laser with wirelike active regions and that with a-Si
surface grating [13], where the depth of the surface
grating formed on the top of the laser stripe was assumed
to be 100 nm. The active region was assumed to be
consisting of 5 quantum-wells (5QWs) in both cases.
Hence the optical confinement factor in the active region
is about 5.6% in both cases. The refractive-index of the aSi was assumed to be 3.45. On the other hand, in the LCIDFB laser with wirelike active regions, the grating
structure was assumed to be active region periodically
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Fig. 3 Cross sectional SEM view of the wirelike active

region after regrowth process.

Fig. 2 Calculated threshold current dependence on the cavity
length.

etched and filled with InP. In addition, to keep the optical
confinement factor in 5QWs almost the same as that in
the above mentioned LCI-DFB laser with a-Si surface
grating, a 100 nm-thick a-Si layer was assumed to be
formed on the top of the laser stripe. In these structures,
the total GaInAsP layer thickness and the stripe width
were 400 nm and 2.0 m, respectively. From the
calculation result, an index-coupling coefficient in the
grating of wirelike active region structure and that of a-Si
surface grating structure were obtained to be 400 cm-1 and
450 cm-1, respectively. As can be seen in Fig. 2, by
introducing the wirelike active region structure, the
threshold current can be reduced to be about 0.5 mA due
to an effect of the high index-coupling coefficient and the
reduction of the active region volume. Please note the
internal quantum efficiency in this calculation was 100%.
An initial wafer of the fabricated LCI-DFB laser with
wirelike active regions consisted of undoped GaInAsP
core layer was prepared on an Fe doped SI-InP by organometallic vapour-phase-epitaxy (OMVPE) method; the
core layer included an undoped-GaInAsP lower optical
confinement layer (OCL, g = 1.2 m, 140 nm thick) and
five 1% compressively-strained (CS) Ga0.22In0.78As0.81P0.19
QWs (6-nm-thick well) with -0.15% tensile-strained (TS)
Ga0.25In0.75As0.50P0.50 barriers (10 nm), an upper GaInAsP
OCL (g = 1.2 m, 140 nm thick), and undoped thin i-InP
layer. First, an electron-beam-lithography (EBL) was
carried out to form wirelike active regions. After grating
patterns were transferred to SiO2 mask by CF4 reactiveion-etching (RIE), active layers were completely etched
by CH4/H2 RIE. Then a wet cleaning process was applied
to remove the damaged layer by dry etching, and undoped
InP was regrown into the groove regions. Next, the LCI
structure was formed by CH4/H2 RIE and two-step
OMVPE selective regrowth process. After formation of
the mesa stripe structure with a width of 7 m and a
height of 400 nm by CH4/H2 RIE, n-InP (ND = 4 ×
1018/cm3) was selectively regrown on the both sides of the
mesa structure as a cladding layer. Then, by etching a part

ISBN 978-3-8007-3356-9

GaInAsP OCL

of the 7 m wide active region stripe and embedded ntype InP layer by the similar manner, narrow stripe (1.5
m) was formed. After that, p-InP (NA= 4 × 1018/cm3) and
p-GaInAs (NA = 8 × 1018/cm3) were regrown by the same
way and a part of GaInAs contact layer near the stripe
edge was removed by wet chemical etching to reduce the
optical absorption loss in the GaInAs contact layer. Then
Ti/Au electrodes were evaporated on the n-InP and p-InP
regions. Finally, a 100 nm a-Si layer was deposited on the
laser stripe by P-CVD.
Since the fabricated LCI-laser on a SI-InP layer has an
asymmetric structrure in the vertical direction, an optical
mode field in the core layer leaks to the SI-InP lower
cladding due to relatively thin GaInAsP OCL especially
in the groove regions. To prevent large waveguide loss
due to this leaky optical mode field in groove regions, an
a-Si layer was deposited so as to confine the optical mode
field in the core layer.
Figure 3 shows the cross sectional SEM view of the
wirelike active regions. The period and wire width were
designed to be 100 nm and 242.5 nm, respectively. As can
be seen in Fig. 4, the groove regions are filled with
undoped InP and almost flat top surface was obtained.

III. EXPERIMENTAL RESULT
The light output and voltage-current characteristics of
the fabricated device are shown in Fig. 4. The cavity
length and the stripe width were 300 m and 1.5 m,
respectively. As can be seen, the threshold current (Ith) of
11 mA, and an external differential quantum efficiency
from the front facet (df) of 26% were obtained under a
RT-CW condition. The differential series resistance and
the voltage at the threshold current were around 68  and
1.7 V, respectively. The threshold current of this device
was not low compared with our typical LCI-type lasers
fabricated on a SI-InP substrate [11]. Then, from the
calculation result shown in Fig. 2, one order lower
threshold current was estimated. One of the reasons is low
internal quantum efficiency in this device. From our LCI
FP laser results, the estimated internal quantum efficiency
is about 40%, which should be improved by the
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Fig. 4 Lasing characteristics of the LCI-DFB laser with
wirelike active regions.
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Fig. 5 Temperature dependence of the threshold current
of the LCI-DFB laser with wirelike active regions.

Fig. 6 (a) Differential series resistance and (b) compariosn
of the structures of the LCI-FP laser and LCI-DFB laser
with wirelike active regions.
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modification of the active region structure. Another
reason for the high threshold current of the fabricated
device compared with the calculated result is the largely
detuned lasing wavelength.
Figure 5 shows the temperature dependence of threshold
current of another sample under a pulsed condition. As can
be seen, the threshold current took the minimum value of
33 mA at 40 oC. Hence the Bragg wavelength is
considered to be 8-10 nm longer than the gain peak
wavelength at around 20 oC.
Figure 6 (a) shows the differential series resistance
dependence on the stripe width of the LCI-DFB laser with
wirelike active regions (Wirelike) and that of the LCI
quantum-well laser (Film) fabricated on the same wafer.
The y-intercept, which can be regarded as the contact
resistance between the metal electrodes and p-GaInAs and
n-InP contact layers, was measured to be around 30  for
both samples, the evaporation of Ti/Au electrodes can be
attributed to these poor series resistances. From Fig. 6 (a),
the differential series resistance of the LCI laser with
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Fig. 7 Lasing spectrum of the LCI-DFB laser with wirelike
active regions.

wirelike active regions (Rwirelike) is 1.7 times larger than
that of LCI quantum-well (Rfilm). But, the area of GaInAsP
region of wirelike active regions (Swirelike) is no more than
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1.5 times smaller than that of quantum-well structure (Sfilm)
as can be seen in Fig. 6 (b). Therefore, almost all current
seems to flow in GaInAsP layer (OCLs and active regions)
and leak current in regrown InP layer can be negligible.
Figure 7 shows the lasing spectrum of the LCI-DFB laser
with wirelike active regions for the cavity length of 300
m and the stripe width of 1.5 m. Even though a clear
stopband attributed to the DFB structure cannot be
confirmed and the resonant mode spacing near the lasing
wavelength was approximately 1.3 nm for the cavity
length of 300 m, the effective refractive-index (group
index) of the waveguide can be estimated to be 3.12 which
is slightly smaller than that of conventional buried
heterostructure laser because an optical field slightly
penetrates in the low refractive-index region. Since the
sub-mode suppression-ratio (SMSR) of 30 dB was
obtained at a bias current of two times the threshold, this
device is operating with a DFB mode.

IV. CONCLUSION
A step toward a realization of an electrically driven LCIDFB laser for on-chip optical interconnection, we
investigated the LCI-DFB laser with wirelike active
regions on a SI-InP substrate. From the theoretical study,
the threshold current of LCI-DFB laser with wirelike
active regions was confirmed to be advantageous than that
with flat quantum-wells due to the volume effect of the
active region. From the experimental study of the LCIDFB laser with 5 layered wirelike active regions with 100
nm width in the period of 242.5 nm, a threshold current of
11 mA and a differential quantum efficiency of 26% from
the front face were obtained for the cavity length of 300
m and stripe width of 1.5 m.
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