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Abstract— InP-based Photonic ICs (PICs), together with closely
integrated Electronic ICs, have recently been shown to enable
robust, compact coherent optical communication and sensor
systems that have not been possible in the past. Experimental
results will illustrate these functionalities.

I. INTRODUCTION

SOME years ago, coherent communication was intensively
investigated as a means of increasing receiver sensitivity
and repeater spacing in fiber telecommunication systems[1].
When wavelength division multiplexing (WDM) systems
became more practical and inexpensive with the advent of the
erbium-doped fiber amplifier (EDFA) these relatively costly and
temperamental coherent communication approaches were put on
the shelf for such fiber optic systems [2,3]. Nevertheless, they
have continued to be explored in free-space communications as
well as sensing applications where the cost and the difficulties
are worth the benefits [4]. In recent years coherent techniques
have also reemerged in the telecommunications sector, mainly
driven by spectral efficiency, as we again are running out of fiber
bandwidth, now driven totally by data, mostly from social
networking, HD video, and other exponentially growing data
demands on the network [5,6].

Recently, we have been exploring more integrated approaches,
where only asingle photonic integrated circuit (PIC) may contain
allof the transmitter or receiver optics (except for coupling) and
the feedback to lock the local oscillator or transmitter to some
reference may be done with a single electronic IC, or perhaps
with no electronic IC (EIC) at all [7-9]. These approaches have
the potential to vastly simplify coherent transmitters and
receivers and make them much more robust. Environmental
controls are relaxed, locking and capture ranges increased, and
overall stability is significantly improved in a much smaller,
lighter, less costly, and lower power package.

Figure 1 describes a heterodyne experiment in which two
SGDBR lasers are offset-locked together [7]. The circuit
schematic shows that an integrated modulator is used to
generate sidebands on the mixed signal, so that the OPLL can
lock on one of these. In this case a 5GHz fundamental offset
locking is illustrated. With deep phase modulation of the
on-chip modulator it is possible to generate a number of side
bands and such modulators can be made with bandwidths up to
~100GHz, so it is anticipated that such offset locking might be
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Fig. 1. Circuit schematic; PIC schematic; heterodyne result; and
SEM of InP-based PIC

possible up to the THz range without having to generate rf
higher than 100 GHz.

Fundamental offset locking as high at 20 GHz was
demonstrated with the current set up. Although a balanced
detector pairwas available on the chip, the electronics used only
had a single-input amplifier, so only a single detector was used,
and this resulted in more AM and noise in the feedback loop
than necessary. Nevertheless, a respectable phase error
variance ~ 0.03 rad® was measured over the 2 GHz measurement
window.

Il. RECENT WORK

Figure 2 shows a block diagram of a phase-locked coherent
receiver, which contains photos of the PIC and EIC. The PIC
contains a widely-tunable SGDBR LO laser (40 nmrange) and a
90 degree hybrid along with monitoring detectors and
adjustment amplifiers [8-10]. The EICis a Costa’s loop design for
frequency and phase locking. At this writing simple phase
locking with a 1 GHz capture range was demonstrated using the
loop filter alone. Lower noise than that in Fig. 1 was observed,
but detailed data is still being acquired. The linewidth of the



SGDBR laserwas significantly narrowed by locking it to a narrow
linewith reference laser.
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Fig. 2. Block diagram of phase-locked receiver with inserted
photos of PIC and EIC. Widely-tunable SGDBR on-chip laser as
well as external LO laser inputs possible; integrated optical
hybrid and balanced | & Q detector pairs on-chip.

Figure 3 compares receiver output when the LO SGDBR laser
is unlocked relative to a narrow linewidth input cw signal vs. the
case of phase locking with a 100 MHz offset. A vast reduction in
phase noise as well as a ‘clean’ 100 MHz optical interference
waveformis observed.
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Fig. 3. Optical phase locked loop results.

Finally in Fig. 4 we illustrate the concept of a widely-tunable
digitally-synthesized sweeping transmitter which might be
relevant to a LIDAR system or some other sensor or
communication system [9]. By using a single narrow-linewidth
optical reference and two rf sources (one tunable) together with
what could be one PIC (how two), we have proposed and
partially demonstrated that we can digitally synthesize linear
sweeps (or any other frequency pattern) up to 40 nm (5 THz) in
width. A gain-flattened mode-locked ring laser is used to
generate acomb spectrumup to this width. Currently 2 THz has
been demonstrated as shown [11]. Ifone ofthe lines is locked to
astablereference, all of the lines are coherently referenced to it.
The SGDBRcan be tuned between lines using a millimeter wave
source in the feedback electronics as shown. Then, in the next
clock cycle the laser can jump to lock to the next mode-locked
line and so forth.
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Fig. 4. Schematic of a digitally-synthesized optical transmitter
capable of outputs over a 5 THz range with Hz level relative
frequency accuracy.
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