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Abstract— Photonic Integrated Circuits (PICs) on indium
phosphide have matured significantly over the past couple of
decades and have found use in many system applications. Some
PIC efforts on other group III-V substrates have also been
initiated. In numerous cases, the usefulness of these PICs is
because of the reduction in size, weight, and power they provide,
but in many cases also because of the higher performance made
possible by the improved relative phase stability among optical
paths as well as the reduction of inter-element coupling losses.
In this paper, as part of this special issue in tribute to Prof.
Daniel Dapkus, we focus on monolithic PICs that provide a
system function, especially those that incorporate and build on
widely-tunable laser technology as a key element. Some of the
early widely-tunable laser work is reviewed, and a selection of
past system-on-a-chip developments is presented as background.
Then, more recent system-on-a-chip advances performed by the
author’s groups are reviewed in more detail. Key advances are
highlighted.

Index Terms— Optoelectronics, photonics, photonic-integrated-
circuits, semiconductor lasers, tunable lasers.

I. INTRODUCTION

THIS paper reviews recent research at the University of
California Santa Barbara (UCSB) on relatively complex

photonic integrated circuits (PICs) based on III-V materials
that perform a useful optical system function. These PICs,
denoted as System-on-Chip (SoC)-PICs [1], are generally
closely packaged, or co-packaged, with control or complemen-
tary functional electronics. Similar work has also been carried
out at other academic and industrial laboratories, and some of
this work has been summarized in prior reviews [1]–[10].

The focus of this paper is on monolithic SoC-PICs on
native III-V substrates, including both indium phosphide (InP)
and gallium arsenide (GaAs), which incorporate tunable lasers
as a key component. It is, however, worth noting that con-
siderable work has also been carried out in recent years in
the area of hybrid and heterogeneous integration of III-V
materials on silicon. Approaches include, co-packaging, wafer
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bonding, micro-transfer printing, as well as direct growth
of III-V materials on silicon [11]–[14]. These technologies
were developed primarily for datacom applications [15], [16].

The UCSB work has especially highlighted the benefit of
using widely-tunable lasers as an integral part of most of
their SoC-PICs. As will be discussed in Section II below, past
examples of these SoC-PICs have included: optical transmit-
ters, receivers, all-optical switches, coherent receivers, vector
transmitters, and LIDAR transceivers. Incorporation of widely-
tunable lasers has provided full C-band operation, and in the
case of LIDAR, wide beam sweep angles. The background in
Section II will begin with some discussion of the origins of
widely-tunable lasers.

In Section III, our recent work will show improved coher-
ent receivers with lower power dissipation and noise, better
SoC-PICs for RF-over-fiber transmission, very rapid switch-
ing and phase locking for agile frequency synthesis, high-
power optical transmitters for free-space links, a SoC-PIC and
electronics for gas absorption sensing using frequency-swept
LIDAR, and the demonstration of a widely-tunable laser PIC
on gallium arsenide for the 1 µm wavelength region.

II. BACKGROUND

A. Early PICs on III-Vs

A history of III-V PICs has been recently reported by
Kish, et al. in [1]. As outlined therein, the concept and
promise of PICs was first suggested by Miller in 1969 [17].
Low-loss fiber in the 1300-1550 nm wavelength range soon
followed in the early 1970s [18] leading to intensive research
on quaternary indium gallium arsenide phosphide (InGaAsP)
and related materials on InP that have bandgap wavelengths
in this range. By the late-1970s many of the desired active
and passive components—lasers, lasers with gratings, passive
waveguide couplers, modulators, detectors, etc.—had been
demonstrated [1].

Early in the 1980s, fiber optic links had been introduced at
1300 nm, but even at the modest data rates used then, links
were limited in reach to 30-40 km by the available signal-
to-noise ratio. Expensive electronic repeaters were required
to regenerate the signals at that point. To avoid this optical-
electrical-optical (OEO) conversion, research on coherent tech-
nologies was initiated to extend the reach to approximately
80 km by leveraging the increased sensitivity afforded by
coherent detection. A relatively coarse wavelength division
multiplexing (WDM) was also being employed, and coherent
could assist with the demultiplexing. Coherent and WDM
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Fig. 1. Three-section tunable laser with one DBR and one cleaved facet
mirror. Phase and DBR sections are passive (no gain), but tunable with current.
The gain section provides gain with current injection, but little tuning. For
more information see [21], [22].

stimulated some device researchers to begin work on tunable
lasers, which could serve both as universal sources for WDM
transmitters and tunable local oscillator (LO) sources that
could be phase locked to the incoming signal in a coherent
receiver [19], [20].

Researchers at the Tokyo Institute of Technology led by
Prof. Suematsu were some of the first to focus on 1550 nm
because optical fiber should ultimately have the lowest loss
at this wavelength. They also realized that lasers should be
tunable to operate as a WDM or coherent source, and they
should have grating mirrors to be integrable with other passive
waveguides and devices. They demonstrated such devices in
the early 1980s [3].

By the late 1980s, relatively mature three-section DBR
tunable lasers had been developed by several companies and
universities [21], [22]. As shown in Fig. 1, these consisted of
an active gain section, a passive phase tuner, and a passive
Distributed-Bragg-Reflector (DBR) mirror, all connected to
separate electrical sources. The active gain section contains
gain material with a bandgap near the lasing wavelength in
its pn junction, and the passive sections have higher bandgap
material in their pn junctions, which change their index of
refraction when current is injected. With current injected into
the DBR, the narrow band over which it reflects is shifted
in wavelength in proportion to the index shift. The optical
cavity modes do not shift as much, so current must also
be applied to the phase section to shift the cavity modes.
In practice, approximately 6-7 nm of wavelength shift is
possible at 1550 nm.

By the late 1980s coherent had still not been widely
adopted. Higher data rates, denser WDM, as well as simply
using more parallel fibers had been satisfying the increased
demand, which was still due to a somewhat slowly increasing
demand for voice, not data; the disruptive data crossover was
not to occur until around 2000. By the late 1980s, research on
the erbium-doped fiber amplifier (EDFA) was also beginning
to show promise [23]. With the EDFA, OEO repeaters were
no longer necessary and new links designed for the mid-1990s
and beyond would no longer use OEO repeaters only for
signal regeneration for modest distances. Work on coherent
subsequently slowed.

B. Widely-Tunable Lasers

The EDFA enabled WDM over approximately 40 nm of
bandwidth at 1550 nm in what was to be called the center

Fig. 2. Four-section widely-tunable laser. (Left) Excerpts from USP
#4,896,325 illustrating basic structure and Vernier concept; (right) simulated
mirror reflection spectra, expanding to many mirror reflection peaks, and
showing eventual repeated overlaps.

or C-band. So, those researchers working on tunable lasers
immediately began to search for concepts to make widely-
tunable lasers, ones that could encompass the entire C-band.

There were a few ideas already being considered. For
example, some of the early tunable laser work used coupled
cavities, and these made use of Vernier tuning between the
cavity modes of the two different length cavities to select a
single mode [24]. However, these never led to a widely-tunable
result, generally because the cavity modes were too close
together. A relatively simple solution came in 1988 with the
invention of the four-section tunable laser with two ‘differing
multi-element mirrors’ [25], as described in Fig. 2.

By using periodically blanked, periodically modulated,
or ‘sampled’ gratings, the reflection spectra of the gratings,
instead of being a single sharp peak, are broken into a number
of image peaks forming reflection combs. This is the so-called
Sampled-Grating DBR, or SGDBR. If the two gratings are
sampled with a different period, the period of the two reflection
combs are different, but the separation of the reflection peaks
can be large (∼6-7 nm), and the separation difference can
be tailorable (∼1 nm). Thus, there is only one net reflection
maximum for the laser (product of the two mirrors), and
the repeat between these can be ∼40 nm for single mode
operation. By shifting both mirrors together, and then shifting
one relative to the other slightly to select another pair of mirror
maxima, and again repeating the shift together, it is possible
to cover the full 40 nm with a single net maximum without
missing any wavelengths [26].

Figure 3 shows the first results with the SGDBR laser in
1992 [27]. Although it did not include a phase tuner for fine
tuning, it did illustrate the potential of the design with a
total discontinuous tuning range of 57 nm and good single
mode behavior over most of that range. Besides showing the
fundamental attributes of the design, it should be noted that
the material was grown by Prof. Dapkus’ group, illustrating
one additional element of his influence on our field. Also,
on this subject, we should mention that most of the early
work at UCSB was supported by metalorganic chemical vapor
deposition (MOCVD) growths performed by the group of Prof.
DenBaars, an alumnus of Prof. Dapkus’ research group.
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Fig. 3. First demonstration of wide range discontinuous tuning by a SGDBR
laser. Adapted with permission from [27].

Fig. 4. SGDBR integrated with SOA and MZM schematic together with
tuning results, a photograph, and modulator chirp vs. DC bias. For more
information see [23] and [24].

The SGDBR design was to become one of the most success-
ful of the options for widely-tunable lasers [28], perhaps the
principal reason being that it was no more complex to man-
ufacture than the three-section DBR illustrated in Fig. 1. The
additional challenge was in the tuning control, and even that
was only marginally more difficult. Following UCSB research,
a company was formed, Agility Communications, to develop
the concept into a product in 1998. This company also
productized more complex PICs that incorporated SGDBRs
with monitoring photodetectors, semiconductor optical ampli-
fiers (SOAs), and modulators, either of the electroabsorption
(EAM) [29] or Mach-Zehnder (MZM) [30] type.

Figure 4 shows the first UCSB prototype of the SGDBR-
SOA-MZM along with chirp results reported in 2002 [23].
Also shown is a wavelength tuning spectrum of 72 nm from
an earlier publication in 2000 [24], [25]. The output power at
this tuning width was compromised to be ∼1 mW, so practical
devices were later designed for ∼40 nm of tuning, which then
allowed 40 mW in fiber reported by Agility in 2003 [31].

Agility was acquired by a more established optical compo-
nents company in 2005, and many millions of these devices
were sold into optical systems products that are still in
use [32]. Analogous designs using ‘differing multi-element
mirrors’ also appeared by other companies in the early 2000s,

Fig. 5. DFB selectable-array PIC. Adapted with permission from [38].

and following some patent litigation, they were licensed to
produce products [33].

Another early example stemmed from work on directional
couplers between different waveguides. It was known that
waveguides with slightly different effective indexes could be
coupled if a coarse grating was added to one of them to provide
the difference in propagation constants, or the phase matching.
But, since this grating is fixed, and the waveguide propagation
constants are proportional to frequency, phase matching is
satisfied only over a limited bandwidth. However, this band
can be tuned over a relatively large range by changing the
index of one of the waveguides slightly; this is so because
the difference between the waveguide indexes is small, and
it is the ratio of the index change in one guide to this
difference between the two waveguide indexes that counts.
This concept was investigated by several research groups in
the 1990s [34], [35], and eventually a company, Altitune,
developed it into a product. However, following an acquisition,
the acquiring company decided to abandon the concept.

There were a number of other examples of widely-tunable
laser concepts developed in the late 1990s to early 2000s [36],
mainly in response to the ‘telecom bubble’ that resulted from
the realization that the rapidly increasing data bandwidth
demand curve was overtaking the slowly increasing voice
curve. But as dense WDM systems at higher data rates became
available, this demand appeared to be satisfied, at least for a
few years—perhaps just long enough to burst the bubble [37].
In any event, a couple of the widely-tunable solutions survived
and that seemed to be sufficient.

Another concept not mentioned above, but very compelling
to many at this time, was a DFB ‘selectable-array’ PIC,
illustrated in Fig. 5. It typically consisted of 8-12 DFB lasers of
slightly different wavelength that covered most of the C-band,
and these could be tuned thermally by a few nanometers to
fill in the gaps [38], [39]. These were all coupled by an MMI
coupler into a single waveguide that incorporated an SOA,
to compensate the 1/N coupling loss, as well as a possible
integrated modulator.

This design was especially popular in Japan, because it
seems many companies there were somewhat skeptical about
the reliability and stability of the widely-tunable types dis-
cussed above [39]. Although the DFB selectable-array is not
technically a widely-tunable laser, it does provide the same
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Fig. 6. Sampling of SoC-PIC results from 2004 to 2017. (a) Schematics of 10 × 10 Gb/s DFB/EAM integrated with AWG-MUX transmitter PIC and
AWG-De-MUX integrated with 10 PIN PD array receiver PIC. Courtesy: Infinera; for more information see [43]; (b) full C-band wavelength-
converter/transceiver PIC—SOA-PD input stage and SGDBR-Traveling-wave EAM output stage. Adapted with permission from [44]; (c) 8 × 8 all-optical
packet switch PIC with 8 non-linear MZM wavelength converters integrated with an 8 × 8 AWGR. Adapted with permission from [45]; (d) coherent receiver
PIC with high-power, widely-tunable SGDBR-LO, SOA, hybrid, and 4-high-bandwidth PDs. Adapted with permission from [46]; (e) Costa’s loop phase-locked
C-band coherent receiver. Adapted with permission from [47]; (f) 2-D LIDAR PIC with 32 × 120 resolution from 32 surface-emitting waveguides and tunable
laser. Adapted with permission from [48]; (g) C-band vector transmitter PIC with supplemental LO output. Courtesy: Lumentum; for more information see
[6]; (h) 2-Channel Rx PIC and TIA architecture and recovered constellations at 16 QAM for both polarizations @88 Gbaud. Courtesy: Infinera; for more
information see [49].

functionality. Other ‘selectable-array’ types were also explored
during the early 2000s [40]–[42].

III. SYSTEM-ON-CHIP DEMONSTRATIONS (2004-2017)

Figure 6 shows a sampling of SoC-PIC examples from the
period 2004-2017.

The examples of Fig. 6 illustrate that SoC-PICs have
provided many different functionalities and that significant
savings in size, weight, and power have been demonstrated
by integration. For example, as discussed in [1], the transmit-
ter PIC in Fig. 6(a) comprises 10 transmitter channels that
each include an optical power monitor, a DFB laser of a
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unique wavelength, an EAM, and a variable optical attenuator
(VOA) (or SOA), all combined by an arrayed-waveguide grat-
ing (AWG) multiplexer. This is co-packaged with a 10-channel
analog application specific integrated circuit (ASIC) modulator
driver chip and a single thermoelectric cooler (TEC). The
co-packaging with a single driver chip and a single TEC
enables considerable power savings. A comparable description
is provided for the receiver chip in [1], [43].

The discussion is somewhat similar for most of the
SoC-PICs in Fig. 6. That is, many photonic elements are
combined on a single PIC, the drive or control electronics
are co-packaged, and a single TEC is used for the entire
PIC. Figure 6(b) shows a data format and rate transparent
wavelength converter/regenerator, which only requires DC bias
connections, although data monitoring is available [39]. Oper-
ation from 5-40 Gb/s was demonstrated, and conversion from
any input C-band wavelength to any output C-band wavelength
was also confirmed. This SoC-PIC operates somewhat as a
transceiver by using the input signal photocurrent from the
receiving photodiode to dynamically change the bias on an
EAM that follows an on-chip SGDBR laser. A regeneration
function is possible by overdriving the EAM. Similar PICs
have been constructed with MZMs [50].

Figure 6(c) shows the so-called MOTOR chip [45], which
provides all-optical switching between its eight inputs and
eight outputs. It operates in the return-to-zero (RZ) format
at 40 Gb/s if nonlinear MZI-SOA wavelength converters are
used [51]. This restriction is removed if the transceiver type
of wavelength converter shown in Fig. 6(b) is employed.
The outputs of the wavelength converters are coupled to
an arrayed-waveguide-grating-router (AWGR), which sorts
them according to their new wavelength to one of the
outputs.

Figure 6(d) is a widely-tunable coherent receiver PIC.
It includes SOA pre-amplifiers for the incoming signals,
an integrated SGDBR-SOA as a high-power LO, a 90-degree
hybrid and four uni-traveling-carrier (UTC)-photodiodes,
which typically have bandwidths >30 GHz and good power
handling capabilities, so that signal plus LO inputs well above
the shot-noise level can be used. This receiver can be used
with a number of different types of electronics, but it was
used primarily in ‘analog’ coherent receivers in our work. For
example, in Fig. 6(e), it is shown in the red box, and we
have constructed a Costas phase/frequency locking circuit to
phase-lock the LO to the carrier of the incoming signal with
a wide frequency capture range [46], [47].

Figure 6(f) illustrates a 2-D optical beam-scanner chip
that can be used in LIDAR or other direction-specific illu-
mination or communication applications. The output of an
SGDBR-SOA is split into 32 separate waveguides and coupled
to an optical phased array via 32 phase shifters and SOAs.
Light then emits from a weighted-grating surface-emitter
region [48]. The angle of emission in the axial direction is
varied by the wavelength. The angle in the lateral direction
is varied by adjusting the individual phase shifters of the
phased array using a particle-swarm optimization [52]. On-
chip monitor photodiodes following the emitter array verify
the calibration [52].

Fig. 7. Heterodyne optical phase locked loop with improved sensitivity and
power consumption; schematic, locking frequency pull-in range vs. RF offset
and input power of reference, and phase noise spectral density. Adapted with
permission from [55].

Figure 6(g) is a schematic of a dual-polarization C-band
vector transmitter PIC along with MZM characteristics from
Lumentum [6]. This was co-packaged with modulator elec-
tronics and a TEC, and it was made available for system
vendors. An LO output was also provided for use in a
combined transmitter/receiver coherent module [6].

Figure 6(h) is a PIC receiver with transimpedance amplifier
(TIA) architecture from Infinera, which uses a 1 × 2 splitter
at the PIC input. This is capable of up to 720 Gb/s of input
at 88 Gbaud over modest distances [49]. In [1], an analo-
gous architecture is described in which the PIC employs a
1 × 6 splitter at its input to increase the practical data rate to
1.2 Tb/s at 33 Gbaud over considerably longer distances.

IV. RECENT SYSTEM-ON-CHIP DEMONSTRATIONS

In the last five years there has been considerable activity
at UCSB on SoC-PICs based on III-V materials grown at
UCSB. The first section describes examples related to the use
of optical phase lock loops (OPLLs) that are improvements on
seminal work carried out a few years earlier [53], [54]. The
following sections describe high power InP PICs for free space
optical communications, InP PICs for remote sensing LIDAR,
and tunable laser PICs for 1030 nm applications including
topographical LIDAR.

A. Recent Optical Phase-Locked Loop Experiments

Figure 7 summarizes a more recent heterodyne OPLL
effort with improved overall performance characteristics, and
with significantly improved input optical sensitivity levels
and power dissipation. The theoretical sensitivity was approx-
imately 9 µW, and 20 µW was measured with a slight
(2.5 GHz) offset [55].

The total dissipated power in the electronics was reduced
dramatically to 1.12 W relative to circuits like those from
Fig. 6(e), which consumed ∼3 W. The power consumption
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Fig. 8. RF-over-fiber SoC-PIC using an on-chip optical modulator for side-
band generation. A schematic (top), PIC photo (center) and ESA spectra for
various laser offsets due to RF applied to integrated phase modulator (PM)
in center. Adapted with permission from [56].

of the PIC with an SGDBR laser and SOA was 0.66 W
with 10 mW output power. Experiments were also carried out
with a Y-branch laser-PIC from Freedom Photonics; this PIC
consumed only 0.18 W with 10 mW out, the difference being
mostly that no SOA was employed [55].

As also illustrated in Fig. 7, the pull-in range of this simple
OPLL is limited relative to the Costas-loop design of Fig. 6(e),
which has a frequency locking and phase locking capability,
because of the I and Q availability. In the case of Fig. 6(e)
the pull-in range was ∼20 GHz [46], but here it is limited to
∼1 GHz, dependent in both cases on the signal strength and
heterodyne offset.

Figure 8 shows results of an OPLL used to offset lock one
SGDBR laser from another in an RF-over-fiber PIC [56]. This
OPLL uses the sidebands from an on-chip optical modulator
to lock the slave laser to the master rather than an electronic
mixer, such as the XOR in Fig. 7. As illustrated by the
electrical spectrum analyzer (ESA) spectra, master-slave offset
locking up to 16.3 GHz was demonstrated.

In addition to the inner waveguide branches dedicated to
the OPLL, this SoC-PIC also has outer waveguide branches

Fig. 9. Rapid locking of on-chip SGDBR laser to external microresonator
for stable frequency synthesis. Schematic at top left. RF synthesizer set to
2.5 GHz; 800 kHz square wave applied to SGDBR front mirror to switch
wavelength by 5.72 nm. ESA shows switching and locking time (top right);
OSA shows spectra at bottom without and with microresonator reference.
Adapted with permission from [57].

that can be separately modulated to add signals to these two
offset-locked laser carrier frequencies. They are combined near
the output so that both carriers and possible modulation(s) are
summed for transmission [56]. Thus, for example, if RF signal
information, occupying e.g., the 4-6 GHz band, is modulated
onto the outer branch of the slave laser path, one would be able
to demodulate it with just a photodiode onto an IF equal to
the chosen offset, e.g., at 12 GHz, some number of kilometers
away from a coupled optical fiber.

Figure 9 shows a third example of the use of an OPLL for
frequency synthesis [57]. Here, an external stable microres-
onator is used as the reference source, and an SGDBR-PIC
and OPLL circuit similar to that in Fig. 7 is employed to select
and lock to a microresonator line, providing a high-level stable
output at the precise frequency of the reference resonator plus
the tunable RF offset. What is particularly interesting is that
the SGDBR can tune to a given line, lock to it, and provide
a stable output within 200 ns, as shown by the repetitive
switching back and forth between two SGDBR laser open
loop frequencies some 5.72 nm or 720 GHz apart. The RF
synthesizer is tuned to provide the difference necessary to get
within locking range, here 2.5 GHz. The microresonator mode
spacing in this wavelength range is ∼25.7 GHz, suggesting
that the SGDBR laser is jumping across 28 resonator modes
to relock in this experiment. The mode spacing varies slightly
due to dispersion.

B. High Power InP SoC-PICs for Free-Space Optical Links

The high data rates and low cost, size, weight and
power (CSWaP) offered by SoC-PICs makes them desirable
for free space laser communications to provide connectiv-
ity for intersatellite and deep-space links [58]. Figure 10(a)
illustrates an InP-based PIC transmitter for free space optical
communications [59]. The transmitter consists of a SGDBR
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Fig. 10. Free-space link experiments. (a) SoC-PIC photo, schematic and
data from free-space link experiment. Adapted with permission from [59];
(b) demonstration of high-power PIC with expanded mode SOA, and output
power up to 19 dBm and 20 Gb/s data rate. Adapted with permission
from [60].

laser, high-speed SOA, MZM, and a high-power output booster
SOA. The SGDBR laser tunes from 1521 to 1565 nm with
>45 dB side mode suppression ratio (SMSR). This InP PIC
was incorporated into a free space optical link to demonstrate
the potential for low size, weight and power demonstrating its
suitability for deployment on small aircraft or satellites. Error-
free operation was achieved at 3 Gbps for an equivalent link
length of 180 m (up to 300 m with forward error correction)
with a maximum output power of 14.5 dBm (28 mW).

A modified transmitter design for higher power operation
is shown in Fig. 10(b) [60]. This PIC uses a quantum well
intermixing (QWI) platform, rather than offset quantum well
(OQW), for active-passive integration. The QWI transmitter
consists of a DBR laser, high-speed SOA, an EAM, and an
output SOA. The epitaxial structure and waveguide were mod-
ified in this design to achieve a lower confinement factor in
the SOA for higher output saturation power. The measured off-
chip power is 19.5 dBm (90 mW), and a data rate of 20 Gbps
was demonstrated.

Fig. 11. CO2 sensor SoC-PIC photo, schematic/electronics, and results. The
first laser (leader) is frequency locked to a reference CO2 cell, and a second
laser (follower) is successively offset phase locked to the leader to trace out
the CO2 gas absorption in the atmosphere within a LIDAR path. Adapted
with permission from [61].

C. Remote Gas Sensing LIDAR

SoC-PICs for LIDAR have also been demonstrated recently
at UCSB for gas sensing applications. The system shown
in Figure 11 is for detection of atmospheric carbon dioxide
(CO2) using integrated path differential absorption LIDAR
as described in [61]. Again, this system takes advantage of
the low CSWaP offered by SoC-PICs to make it suitable for
deployment on satellites. The InP PIC contains two SGDBR
lasers, a leader and follower. The leader laser is locked to
the center of the 1572.335 nm CO2 absorption line, using
the CO2 reference cell as shown in the upper part of the
system diagram. The frequency stability of the leader laser
is improved 236-fold when locked to the gas cell, compared
to free-running. The follower laser is tuned ±15 GHz around
the 1572.335 nm absorption line and offset locked to the leader
with an OPLL. The SOA is used to generate pulses at each
frequency step to sample the CO2 absorption line.

D. Widely Tunable 1030 nm SGDBR Laser PIC

The widely-tunable SoC-PICs discussed so far have all
been demonstrated on InP and as such are restricted to
wavelengths in the 1300-1600 nm range. Further development
is being pursued, however, to develop widely-tunable PICs for
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Fig. 12. Widely tunable SGDBR laser on GaAs, demonstrating 22 nm of
continuous tuning around 1030 nm and up to 75 mW output power with
amplification. For more information see [64] and [65].

applications in other spectral regions. Here, recent work on
the development of widely-tunable SGDBR lasers on gallium
arsenide (GaAs) for 1030 nm LIDAR is demonstrated. The
spectral region near 1 µm is of particular interest for airborne
terrain mapping LIDAR systems [62], owing to relatively
low atmospheric absorption and the existence of high-quality
detectors at this wavelength [63]. As with the remote gas
sensing LIDAR system discussed above, the reduction of
CSWaP offered by a SoC-PIC, compared to a system with
commercial off-the-shelf (CoTS) components, is of critical
importance for airborne topographical LIDAR.

A widely tunable SGDBR laser and integrated SOA on
GaAs with a center wavelength near 1030 nm has been
fabricated at UCSB and is shown in Fig. 12. This device
was fabricated on an OQW PIC platform for active-passive
integration, adapted for the GaAs material system [64]. The
standalone SGDBR laser demonstrates 22.3 nm of continuous
wavelength tuning with 30 dB SMSR (bottom right of Fig. 12)
and 35 mW of output power [65]. With the addition of an
integrated SOA, the output power can be increased to greater
than 75 mW (bottom left of Fig. 12). The demonstration of
a widely tunable laser and integrated SOA on GaAs lays a
path for further development of more complex SoC-PICs in
the 1 µm spectral range, analogous to those on InP for C-band
applications.

V. CONCLUSION

Advanced materials growth and processing technologies
together with highly-developed device designs have enabled
complex PICs on III-Vs that can perform several photonic
system functions. Many of these SoC-PICs can provide sig-
nificant savings in cost, size, weight, and power compared to
discrete implementations, even eliminating the need for some
components, or required electronics, in many cases.

In this paper we have focused on the development, and
benefits of widely-tunable lasers in such SoC-PICs. The use
of such lasers can provide wavelength agility for broadband
WDM communication systems, wavelength stability by phase
locking to any of a number of references, and wavelength
sweeping for a variety of sensing applications, such as in
LIDAR or optical beam control.
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