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Abstract—The temporal coherence functions of InGaAs–GaAs
quantum-dot (QD) and InAs–InGaAlAs quantum-dash (Qdash)
superluminescent diodes (SLDs) and broadband laser diodes
(BLDs) are reported. Using an optical fiber-based spectral interferometer, the fabricated devices were shown to yield low
coherence lengths of 4.00–12.29 m and 33.48–74.56 m for SLD
and BLD devices, respectively. In addition, there were negligible
secondary coherencies indicating that these devices have the
potential for use in low coherent interferometric systems.
Index Terms—Quantum-dash (Qdash), quantum-dot (QD),
semiconductor laser, superluminescent diode (SLD), temporal
coherence.

I. INTRODUCTION

B

ROAD spectral bandwidth sources in the near-infrared
wavelength regime are highly desirable for sensing and
imaging systems based on low coherent interferometry applications such as optical coherence tomography (OCT) [1]–[3]. In
OCT, the axial resolution is inversely proportional to the bandwidth of the light source and the sensitivity is directly proportional to the optical power [1]. Superluminescent diodes (SLDs)
and broadband laser diodes (BLDs) based on quantum-dot (QD)
and quantum-dash (Qdash) semiconductor nanostructures have
demonstrated to be compact broad bandwidth and high emission power light sources highly favorable for low coherent interferometry applications [4]–[8]. The broad, continuous emission spectra from these light sources can be obtained by engineering the optical gain characteristics of naturally inhomogeneous QD/Qdash media to produce an overlap emission from
multiple quantum confined states. In addition, the characteristic
Gaussian-like low ripple emission makes these devices particularly more attractive for OCT than other bulky alternative broadband sources. Image artifacts and masking can result from significant spectral dips and modulations [9].
While there have been many reports utilizing an OSA to characterize broadband light sources, the important corresponding
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Fig. 1. Schematic of a fiber-based spectral interferometer consisting of a broadband light source coupled into a tapered SMF, a 2 2 fiber splitter, two fixed
mirrors, and an OSA for signal detection.
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temporal coherence function, which impacts resolution, signal
quality and noise levels in OCT, is still understudied. Thus far,
only few measurements of the coherence function of SLDs have
been reported [10], [11]. In this letter, we report the first measurement of the temporal coherence function in InGaAs–GaAs
QD and InAs–InGaAlAs Qdash based SLDs and BLDs. The relevance of these devices for low coherent interferometric systems
has also been evaluated.
II. MEASUREMENT SETUP
An optical fiber based Michelson interferometer system was
setup to generate the coherence function from a spectral interferogram. Unlike a time-domain interferometer, a spectral interferometer does not require a moving reference mirror. In a
spectral interferometer, a single broadband depth scan will encode the origin of backscattered light relative to the distance of
a parallel arm into the frequency spacing of spectral fringes [1].
Fig. 1 shows a spectral domain fiber-based interferometer consisting of a broadband source, a 2 2 single-mode fiber (SMF)
splitter, gold mirrors, and an optical spectrum analyzer (OSA).
The source is split into two paths (Arm and Arm ) that are reflected and combined forming the interference signal. The spectral interferogram is then detected by an OSA, with a wavelength resolution of 0.05 nm.
This simple coherence measurement system has several advantages. Optical feedback to the light source is minimized with
an antireflection-coated tapered SMF, which couples light from
the unpackaged SLD/BLD. Fixed mirrors are placed in contact
with Arm and Arm terminals to increase back reflections and
to minimize dispersion. All-optical signals are confined in unstressed fiber, thus forgoing needing polarization matching components.
Since the optical pathlength difference (OPD) between Arm
and Arm is greater than the coherence length , interference
fringes are evident from a spectral interferogram, unlike a temporal domain interferogram which requires the OPD to be much
less than . This can be formulated as [10]
(1)
where is the interference intensity; and are the intensities
of the optical fields of Arm and Arm , respectively; and are
is the propagation constant
the coupling ratios of each arm;
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calculated at the center wavelength. Equation (1) shows that the
, which
interference visibility is governed by the
is the envelope of the normalized cross-correlation function between and subject to OPD. Consequently, the interference
in the frequency domain but
fringes will be greater if OPD
diminishes in the spatial domain due to the inverse nature of the
two domains [12]. Since the number of fringes increases as the
OPD increases, the upper limit of OPD is defined by the OSA
resolution. Hence a 2 2 fiber splitter with a proper OPD is essential in this measurement setup.
The coherence length of a light source is found experimentally by measuring the full-width at half-maximum (FWHM) of
the coherence function in terms of distance delay. The temporal
coherence function is generated by taking the following steps:
from
, where
is the spectral inter1) subtract
is the input source spectrum; 2) convert
ferogram, and
wavelength to evenly sampled wave numbers via interpolation;
3) take the inverse Fourier transform of the spectral interferogram; 4) convert wavenumber to time delay and OPD [13]. For
a light source with a Gaussian emission spectrum, can be calculated from the following equation [1]:
(2)
where
is the center wavelength,
is the FWHM of the
is the group refractive index.
source, and
SLDs and BLDs were fabricated on InGaAs–GaAs QD and
InAs–InGaAlAs Qdash material in the form of a standard ridge
waveguide structure with a broad-area photon absorber (PA) and
gain guided structure, respectively. The epitaxial layers, growth
conditions and geometrical structures of these devices have been
described elsewhere [4]–[8].
III. RESULTS AND DISCUSSION
InGaAs–GaAs QD SLDs [4] and InAs–InGaAlAs Qdash
SLDs [6] were tested at 20 C under continuous-wave operation at maximum current injections of 3.00 and 15.83 kA cm ,
respectively. The output power versus current ( – ) curves
showed a typical superlinear characteristic under moderate
current injection followed by a thermal roll-off. The corresponding maximum optical powers were 10 and 100 W for
the QD and the Qdash devices, respectively. The low emission
power is due to the small active volume as it is an index-guided
4- m-wide ( 600 m long) ridge waveguide. The theoretical
in fiber for the QD SLD is 2.75 and
and experimental
2.74 m, respectively, while the calculated and measured
of the Qdash SLD is 9.88 and 8.42 m, respectively. The
corresponding in air is 4.00 and 12.29 m, for the QD and
Qdash SLDs, respectively. Fig. 2 shows the coherence function
and
.
versus distance delay and the inset illustrates
The physical pathlength difference between Arm and Arm , ,
, is 250 m as shown in
which is defined as
Fig. 2 at the peak of the coherence function.
In addition to the coherence length and OPD, the coherence function also reveals the impact of sidelobes on the and
the significance of far range peaks on sensitivity. Secondary
coherence subpeaks can appear in the short range if a prominent spectral dip occurs between multiple-state excitation peaks.
Since the QD and Qdash SLDs tested have small spectral dips
( 1 dB), secondary sidelobes were suppressed by more than
9 and 11 dB, respectively, without increasing the coherence
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Fig. 2. (a) Temporal coherence functions of the InGaAs–GaAs QD and (b) the
InAs–InGaAlAs Qdash SLDs taken at 20 C. The insets delineate the intensity
of the spectral interferogram and the input spectrum.

length. The QD and Qdash SLD samples tested have active
of 500 and 600 m, respectively. In terms of far
lengths
,
range peaks, there are no parasitic subpeaks appearing at
is the effective refractive index of the optical mode.
where
At this distance, subpeaks can occur due to Fabry–Pérot modulation [1]. The two SLDs tested exhibited low spectral modulation ( 0.5 dB); a result of effective absorption of photon in the
integrated PA section.
InGaAs–GaAs QD [5] and InAs–InGaAlAs Qdash BLDs
[7] were tested at 20 C under pulsed current operation (0.4%
duty cycle with a pulse width of 2 s) at maximum current
injections of 10.69 and 12.00 kA cm , respectively. The –
curves yield threshold currents for the QD and Qdash lasers at
3.9 and 3.3 kA cm , with the corresponding maximum output
power of 217 mW and 328 mW, respectively. Under stimulated
emission, these gain-guided 50- m broad-area devices provide
greater emission power than the SLDs. To minimize spectral
noise, ten spectral scans were averaged per dataset. To further
validate the experimental setup and data acquisition trigger,
spectral modulations were compared to fitted data sets based
on the input spectrum using a frequency domain version of (1)
[14]
(3)
where
is the spectral interferogram,
is the input
is the fringe visibility. As can be seen from
spectrum, and
Fig. 3, the measured data matches well (less than 5% error) with
the fit data set for both BLDs. The low fit error and high visibility also indicates that stress induced birefringence due to a
polarization mismatch between Arm and Arm is minimal.
The coherence function, as shown in Fig. 4, was obtained for
the QD BLDs and Qdash BLDs with cavity lengths of 800 and
600 m, respectively. Theoretically, the in fiber for the QD
BLD is 23.05 m, experimentally it is 22.93 m; whereas the
calculated and measured for the Qdash BLD is 48.39 and
51.07 m, respectively. From the measured signals, the in
air is 33.48 and 74.56 m, for the QD and Qdash BLDs, respectively. Both short- and long-range subpeaks in both QD
and Qdash BLDs were suppressed more than 8 and 16 dB, respectively. These results confirm the Gaussian-like nature of the
emission from the naturally inhomogeneous QDs and Qdashes
and multiple excitation states. Such spectra generated coherence
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based SLDs and BLDs using an optical fiber-based spectral interferometer. In comparing the low coherency of SLDs with
BLDs, it is evident that even though BLDs do not produce low
ripple spectra compared to SLDs fabricated on similar type of
structures, the corresponding coherence function is free of significant sidelobes and subpeaks which would otherwise introduce significant image artifacts and detracted from the axial resolution. Our results confirm that both SLD and BLD based on
QD and Qdash nanostructures are promising for low coherent
applications such as OCT.
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