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Short-Abstract—To realize membrane photonic integrated circuits,
a novel quantum-well-intermixing (QWI) process using dual SiO2
films (O2-sputtered layer for enhancement of QWI and plasmadeposited layer for surface protection) was investigated. By
optimization of the protection layer thickness, a large bandgap
wavelength shift difference of 95 nm (57 meV) as well as good
photoluminescence (PL) properties (no degradations in the PL
spectral width and the intensity) was obtained. Moreover, the
transient region length was estimated to be less than 3 μm which
is the resolution limit of our PL measurement setup.

I.

INTRODUCTION

To realize the optical interconnections on Si-LSIs, we have
proposed the concept of the membrane photonic integrated
circuit (PIC) [1] as shown Fig. 1. As its components, we have
demonstrated membrane lasers [2], photo-detectors [3] and InPbased waveguides [4]. As a photonic integration method of
active and passive devices, quantum-well-intermixing (QWI) is
expected to be versatile technique by increasing in the bandgap
and changing in the refractive-index selectively, with only single
epitaxial growth step [5]. Several intermixing techniques have
been reported; impurity induced disordering (IID) [6], photo
absorption-induced disordering (PAID) [7], and impurity-free
vacancy-enhanced disordering (IFVD) [8] in multiple
applications.
In this study, we employ the IFVD intermixing method,
which relies on creating vacancies in the III-V compound
semiconductor during annealing process using dual SiO2 films
for the IFVD intermixing and protection of the surface of nonintermixing region. In regard to the bandgap wavelength shift,
the thickness of SiO2 protection layer is considered as the key
parameter for large bandgap wavelength shift between the active
and the passive regions.
II.

Fig. 1 Schematic representation of membrane photonic integrated circuits.

QWI PROCESS

The process flow of our QWI technique is shown in Fig. 2.
The initial wafer consists of strain-compensated GaInAsP QWs
which include five 6-nm-thick and six 10-nm-thick barriers (90
nm in total) sandwiched by 15-nm-thick GaInAsP (λg = 1.22 μm)
layers on a 50-nm-thick InP, 50-nm-thick Be-doped contact
layer and double etch-stop layers (InP/GaInAs) grown on (100)oriented InP substrate by molecular beam epitaxy (MBE).
Above the core layer, a 10-nm-thick InP cap was followed by
10-nm thick GaInAs promotion layers which is designed to
promote the intermixing [9] and to cover semiconductor surface
during the heating process.
The QWI process was started with the removal of InP cap
layer followed by a deposition of 300-nm-thick poor quality

(a) SiO2 mask deposition

(b) Region partition

(c) Promotion layer removal (d) SiO2 protection deposition
Fig. 2 Quantum-well intermixing process with dual SiO2 film.

SiO2 mask, which was for the seeds of vacancies, on the wafer
by O2-sputtering (5 sccm) with a pressure of 1.0×10-5 Torr at
room temperature [Fig. 2(a)]. Then the wafer was partitioned by
photolithography into the active (less wavelength shift is
required) and the passive (large wavelength shift is required)
regions. After a development of the photoresist, the sputtered
SiO2 mask and the GaInAsP promotion layer on the active
region were removed with a wet etching process to suppress
bandgap wavelength shift [Fig. 2(b-c)]. Then to protect
semiconductor surface during the annealing process, high
quality SiO2 protection layer was deposited on the entire region
by plasma-enhanced chemical-vapor deposition (PECVD) [Fig.
2(d)]. Finally, the rapid thermal anneal (RTA) was pursued at
750ºC for 180 seconds in nitrogen atmosphere for creating
vacancies in the III-V semiconductor. When the dielectric mask
formed on III-V wafer is heated in the RTA process, Gallium
atoms migrated into the SiO2 mask layer create group III
vacancies and inter-diffused through the quantum-well, then
results in QWI.
III.

QWI CHARACTERIZATION

Figure 3 shows the PL peak wavelength as a function of the
thickness of the PECVD-SiO2 protection layer tuned to 20, 50,
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Fig. 3 Peak wavelength as a function of SiO2 protection layer thickness.

(a) PL mapping result
(b) PL spectrum at transient region
Fig. 5 PL measurement results of peak wavelength in 50 nm protection.

IV.

CONCLUSION

In conclusion, we improved QWI process using dual SiO2
films for membrane photonic integration and obtained 95 nm
bandgap wavelength shift difference with transient region length
of less than 3 μm (resolution limit) by optimizing SiO2
protection layer thickness. At the same time, PL intensity ratio
of active to passive region was obtained to be 0.97 resulted from
proper thickness to avoid the damage during RTA process.
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Fig. 4 Photoluminescence spectra of protection layer 50 nm.

100, and 200 nm where the pump beam of λp= 640 nm (power:
21 mW) was used. When the protection layer thickness was 50
nm, the PL peak wavelength shift was 132 nm (77 meV) and the
full width at half maximum (FWHM) was 44 meV in the passive
region. On the other hand, the PL peak shift was 37 nm (20 meV)
and the FWHM was 43 meV in the active region, hence the
bandgap wavelength shift difference of 95 nm (57 meV) was
obtained. This difference was much larger than that with 200nm-thick protection layer [10]. Since the low density of point
defects was generated on the PECVD-SiO2 protection layer as
well, the blue-shift on the active region with thick protection
layer increased due to the large point defects concentration.
Additionally, the PL spectra of 50-nm-thick protection layer
are shown in Fig. 4, the intensity ratio of the active to the passive
regions was 0.97, which was better than 0.73 for the case of 20nm-thick protection layer, because 50-nm-thick protection layer
was not excessively thin and enough to prevent heat damage of
wafer during the RTA. Please note the ripples shown on the PL
spectra around wavelength 1380nm were just artificial effect due
to water absorption in the air during the measurement.
To confirm the transient region length at the boundary
between the active and the passive regions, PL mapping was
carried out with 3×3 μm2 resolution [Fig. 5(a)]. In order to
prevent optical absorption loss in the waveguide which is
contiguous to active device such as laser and photo-detector, it
is desirable to form sharp transient region. Figure 5 (b) indicates
the peak wavelength on the boundary between active (1488 nm)
and passive region (1393 nm). The PL spectrum showed dual
peak structure and no peaks between them, this means that the
transient region length is much smaller than the resolution (less
than 3 μm).
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