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Abstract: This article presents the experimental demonstration of synchronization of two integrated
semiconductor distributed Bragg reflector lasers, fabricated with a generic multiproject wafer plat-
form, by means of injection locking. Substantial linewidth reduction and frequency stabilization of
the lasers were shown during locking of the lasers to an optical frequency comb. Phase noise was
measured for different injected powers and different laser cavities. For a generation of millimeter-
wave signals up to 80 GHz, two lasers were simultaneously locked to the comb. Fine-tuning was
performed by tuning the repetition rate of the comb and coarse-tuning was carried out by switching to
another comb line. A suppression ratio of 37 dB was achieved for unwanted comb lines. The achieved
signal purity, phase noise, and suppression of unwanted components demonstrate the viability of
injection locking for the generation of high-quality signals at sub-THz and THz frequencies and with
substantial tunability.
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1. Introduction

The terahertz and sub-terahertz regions are a modern frontier with a great scientific
interest and application value behind them. Terahertz spectroscopy enables a noninva-
sive method for studying the properties of biological samples without violating their
integrity [1,2]. The non-ionizing radiation makes it attractive for use in security cameras
and sensors. At the same time, the THz region fulfills the gap between infrared free-space
optics and modern wireless links. The THz band enables broadband spectra which can be
used to fulfill the constantly increasing demand of modern communication links, and to
provide connectivity to a rapidly growing number of devices in internet of things (IoT) or
machine-to-machine (M2M) communications [3]. As such, the THz band provides unique
characteristics that can be used to overcome scientific and societal challenges; however,
operations with THz waves have many limitations that require additional research. These
limitations are mainly related to the generation and detection of THz signals and high
propagation loss in this frequency range.

There are two main approaches for the generation of THz signals—based on electron-
ics or optoelectronic components [4,5]—and both methods have advantages and limitations.
Typically electronic components allow to achieve higher output power and overcome the
problem of the high, free-space propagation losses. Recent work demonstrates the genera-
tion of high-power terahertz signals at a room temperature in the 100 ptW-mW range [5,6].
It is nonetheless the case that electronic components have finite bandwidth caused by the
complex chain of elements such as multipliers, which are required to generate a high-
frequency signal [7,8]. The complexity of the fabrication of high-frequency and broadband
waveguides also imposes restrictions and makes delivery of a signal to a radiating antenna
a troublesome task, which limits possible applications. Other solutions usually rely on an
optoelectronic approach based on heterodyne mixing of two optical tones, generated by a
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pair of semiconductor lasers [9,10]. Optoelectronic systems stand out due to their tunability,
simplicity, and low propagation loss in optical fibers. The possibility and efficiency of
the generation of highly tunable THz and sub-THz signals in the optical domain and
transmitting them through a fiber were proven in many experiments [10-12]. At the same
time, Ref. [13] demonstrated cointegration of lasers and a terahertz antenna on a single
chip, which enables generation of highly tunable THz signals in the range of 0.15-3 THz.
The main restriction of optoelectronics in the generation of sub-THz and THz signals is
the low efficiency of the conversion of optical signal into electrical [14] and resulting low
output power of the p-i-n and unitraveling carrier (UTC) photodiodes [9]. This problem
can be solved with hybrid solutions based on combinations of the optoelectronic signal
generators and electronic amplifiers for the THz signal [10]. In addition, simple optical
THz generation circuits using two free-running lasers usually suffer from broad linewidths
and a high level of phase noise, which makes them unsuitable for use in communications
employing high-order modulation formats [4]. A similar situation is observed in THz
spectroscopy if a high resolution is required for determining spectra of molecules with
closely spaced or very narrow absorption or reflection lines [15].

Several techniques allow achieving high resolution with continuous-wave systems.
One of them is based on quantum cascade lasers (QCL), which can provide high output
power and low linewidth. However, QCL requires high temperature stability at cryogenic
temperatures making it extremely difficult to use [16,17]. Another way to generate low-
noise THz signals is to lock two semiconductor lasers, which decreases the linewidth of
the beating tone and, consequently, the linewidth of the THz signal. This can be achieved
with an optical feedback loop [18,19], but this method is limited by the bandwidth of the
electronics components. The use of optical frequency combs (OFCs) for the generation
of coherent optical tones is another alternative, but achieving the generation of a high-
power THz signal requires additional filtering and amplification [20]. In order to overcome
these limitations of OFC use while maintaining the benefits of using a wideband comb,
recent work has demonstrated the implementation of optical injection locking (OIL) [21,22].
Optical injection locking is a technique of frequency and phase synchronization based on
the photon—photon interaction when external light is injected into the laser cavity [23].
This method is usually used to synchronize two lasers, but it can also be used to reduce
laser linewidth or to filter out a single optical tone out of the optical frequency comb [24].
In [21,22], the synchronization of monolithically integrated lasers employing OIL for
sub-THz and THz signal generation was demonstrated. These are important steps for
demonstrating of the feasibility of the generation of high-quality THz signals at room
temperature with photonic integrated components. Integration of such transmitters on
the chip is an important step towards the practical use of devices and systems due to the
significant reduction in costs and power consumption and the improvement in scalability.
In this regard, research on the integrated component is of considerable interest.

In this work, we measure and discuss in detail the separate effects: phase noise, fine-
and coarse-tuning, and the locking range for sub-THz and THz generation. Synchronization
of two monotonically integrated semiconductor lasers by means of injection locking (IL)
of an optical frequency comb was demonstrated. Linewidth narrowing and frequency
stabilization of the lasers were observed. Active filtering with a set of two slave lasers was
demonstrated for different sets of optical lines in OFC. This method enables selection of the
lines in an OFC with different frequency spacing between them and subsequently use them
for generation of the sub-THz and THz signals. Phase noise performance of a single and
a pair of lasers were measured. Phase noise was further analyzed for different injection
ratios and different master tone offsets. Coarse- and fine-tuning mechanisms during IL
were studied and discussed in detail. By providing a detailed study of injection locking
and phase noise performance, this work proves the feasibility and flexibility of high-purity
sub-THz and THz signals generation based on on-chip integrated lasers locked onto an
optical frequency comb.
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The remainder of this manuscript is structured as follows: Section 2 describes OIL
and its application for generation of sub-THz and THz signals; Section 3 give an overview
of the experimental setup; Section 4 demonstrates the experimental results; and Section 5
underlines the outcome of this work.

2. Optical Injection Locking for Sub-THz and THz Signal Generation

Optical injection locking, as mentioned before, is a technique of frequency and phase
synchronization. Such a technique can be used in systems where frequency stability and
synchronization of the lasers is crucial. OIL found use in many applications: as active
filtering or so-called “selective amplification” [22,25,26], in communication systems for
synchronization of a local oscillator (LO) [27] and in combination with OFCs for demod-
ulation of dense wavelength division multiplexed (DWDM) signals [28]. Improvement
of the laser stability employing OIL for generation of high-frequency RF signals was in-
vestigated for decades [29,30]. OIL is a promising method for generation of sub-THz and
THz signals, since modern modulation formats and high-resolution spectroscopy imposes
strict requirements on noise level and frequency stability. Some recent works have already
demonstrated the use of a photonic integrated circuit for the generation of sub-THz signals.
In [21], the authors demonstrated the generation of sub-THz signals within the range of
85-120 GHz using two monolithically integrated distributed feedback (DFB) lasers locked
to the same OFC. In [22], a pair of hybrid indium-phosphide-integrated (InP)/polymer
distributed Bragg reflector (DBR) lasers were locked with an OFC and selected lines were
used to generate a 300 GHz RF signal for wireless data transmission. In [31], the authors
used a combination of injection locking with an optical feedback loop for the generation of
low-linewidth signals below 50 GHz. Evidently, the combination of OIL and OFCs could
be a promising approach for the generation of RF signals and mechanisms of injection of
multiple lines, which faces strong interest from the scientific community [32,33].

In general terms, the principle of generating THz radiation using OIL can be described
with the scheme depicted in Figure 1, in which multiple tones are selected from a comb,
processed optically and fed to a photoconductive antenna for THz signal generation and
radiation. An optical frequency comb generator can play the role of a frequency seed
for multiple slave lasers. Implementation of the OFC on-chip can be performed in many
different ways: directed modulated lasers; systems based on microring resonators; and
mode-locked lasers or electro-optical modulators [34,35]. Each of the presented solutions
have its advantages and disadvantages such as power consumption, footprint, width of the
comb, output optical power, and a choice must be made based on the system requirements.
The design of the comb source can be adjusted for the application’s needs: for a flexible
system where tuning accuracy is more important than spectral width, smaller spacing
between comb lines can be chosen, while for systems in which it is important to cover
the entire terahertz range, larger spacing and a more broadband comb can be preferable.
Traditionally, in order to generate a terahertz signal from an optical comb, it is necessary to
filter out a pair of optical tones and amplify them. Arrayed waveguide gratings (AWG)
or ring resonators can act as filters, and SOAs can boost the signal. However, such filters
usually introduce insertion losses of 3-5dB and the use of such a scheme degrades the
signal-to-noise ratio (SNR) [24]. As an alternative method, the OFC could be launched
into a pair or array of the slave lasers, which play the role of active filtering or so-called
“selective amplifiers”. In this case, the term “selective amplification” means that each laser
would be locked to one of the optical tones, amplify it, and suppress unwanted tones at the
same time. The choice of slave lasers is also a complicated task, as locking itself relies on
different parameters such as cavity Q-factor or linewidth enhancement factor [24]. Further,
close attention needs to be paid to the locking range of the laser and its tunability. Similarly,
it is important to take into account the cavity response for external light; for example,
injection into a ring cavity or through a DBR can provide additional filtering, which can
either be detrimental or, on the contrary, useful for the system as a whole.
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Figure 1. General schematic of using a combination of optical frequency comb and injection lock-
ing for generation of THz wave. SA—"selective amplification”; SP—signal processing; PCA—
photoconductive antenna.

Combined use of OFC and IL incorporate some advantages that should be given
special attention. The combination of OIL with an array of slave lasers allows increasing
power in each of the selected optical tones above that originally available from the comb
and equalize power among all the selected tones, which is important since generation of
broadband flat OFC requires additional efforts [36,37]. Moreover, from a system point
of view, it may be interesting to transmit signals simultaneously at different frequencies,
which can provide multiple user access. The same can be used in spectroscopy to provide
synchronous scanning at different frequencies, which may significantly reduce scanning
time of the sample. This could be integrated in the system by adjusting each of the slave
lasers for different tones in OFC and using a combination of them with a different spacing.
Another useful case for generation of two different THz tones by means of injection locking
at two different sets of the comb lines is that one of the THz tones can be modulated and
used as a main carrier of the data and another tone may play a role of the local oscillator
for downconversion at the receiver or may be reused for uplink data transmission.

The next step in the generation of the THz signal can be optical signal processing.
Usually, it can be a fast electro-optical modulator for data modulation and/or slow phase
shifters to perform beamforming in the optical domain [38]. Due to the high propagation
losses in sub-THz and THz communication links, there is a strong need to use beamforming
to compensate wireless propagation losses and improve the power budget. Finally, the se-
lected and amplified optical tones from the lasers are fed to a photoconductive antenna or
assembly of photodiode and antenna to emit THz radiation in free space. In the case where
a separate photodiode is used, it is possible to add amplification or signal processing in the
electrical domain before the signal is radiated.

3. Materials and Methods—Experimental Setups and Employed Lasers

Figure 2 shows the experimental setup used to demonstrate sub-THz signal generation
based on injection locking of a pair of lasers to different tones of an OFC. The optical signal
from an external, off-the-shelf laser with a linewidth less than 100 kHz (CoBright-DX1)
was modulated with an external phase modulator (PM, PM-DVES-40-PFA-PFA-LV) to
generate OFC. The PM was driven with a sinusoidal signal frr boosted by a power ampli-
fier (ERZ-HPA-3000-4000-32-E) with an operational bandwidth of 30-40 GHz. Modified
electrodes of PM are able to dissipate high RF powers up to 2 W. This configuration allows
generating an OFC with a width above 300 GHz and repetition rate frr. To monitor the
OFC, a 50:50 coupler was used to direct half the signal to an optical spectrum analyzer
(OSA). The remainder of the signal was split again into two parts and injected into the
two on-chip slave lasers (SLs) through circulators. The frequencies of the free-running
lasers were tuned to match one of the comb lines of the OFC. Subsequently, the signal
from both SLs was mixed and directed in equal parts to the OSA and the photodiode (PD).
The frequency of the beat note, generated on PD, is equal to the frequency difference of the
two selected optical tones, and the electrical signal of PD can be expressed as
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where P; and P, are the powers of the optical tones, and wgrr = w1 — wy and ¢(t) describe
phase variations conditioned by frequency instabilities of the free running lasers and
differences in optical path length between two channels. The signal from the PD was
amplified by a low-noise amplifier (LNA) and analyzed using an electrical spectrum
analyzer (ESA).
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Figure 2. Experimental setup for sub-THz signal generation based on injection locking of a pair of
InP DBR lasers to different lines of an optical comb. PM—phase modulator; OS—optical switch;
OSA—optical spectrum analyzer; PD—photodiode; LNA—low-noise amplifier; ESA—electrical
spectrum analyzer.

Slave lasers were represented by monolithically integrated DBR lasers (Figure 3),
fabricated with standard MPW run [39]. Using MPW service significantly decreases the
costs of the fabrication process due to the fact of shared costs with all participants of the
run. However, on the other hand, such manufacturing imposes restrictions on the choice of
components, since only building blocks represented by the platform can be used. The cavity
of the laser was formed by a DBR mirror and broadband multimode interference reflector
(MIR). The DBR has a uniform pitch of 236 nm, which determines a central reflection
wavelength of roughly 1550 nm. The gain was provided by two semiconductor optical
amplifier (SOA) sections. The wavelength was adjusted by thermally tuning cavity length
by changing the feed current of the lasers and fine-tuning was carried out by reverse
biasing of the phase section. The output waveguides of the lasers are bent at an angle of 7°
at the chip facets to suppress reflections. A set of two chips with different types of lasers
with a different length of DBR and SOA; were used in this study, as shown in Table 1.

Table 1. Parameters of the InP DBR lasers employed as slave lasers.

Laser DBR, (um) SOA;, (um) SOA;, (um) PS, (um) Chip
Laser 1 350 500 100 500 1
Laser 2 250 500 100 500 1
Laser 3 250 500 100 500 2
Laser 4 250 400 100 500 2
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Figure 3. Microscope photograph of a section of the chips, showing one of the used lasers and
identifying the relevant on-chip laser components. MIR—multimode interference reflector; PS—
phase shifter; SOA—semiconductor optical amplifier; DBR—distributed Bragg reflector.

During the experiment, the slave lasers were placed on a thermal control stage with a
constant temperature of 20 °C to avoid detuning due to temperature drifts. It is important
to note that in this work, thermal tuning was the dominant mechanism of adjustment of
the emitting wavelength, achieved through the change of the injected current with the
thermal control stage as an effective heatsink and temperature reference plane. The light
was injected into the chips with the help of lensed fibers. To simplify the analysis, the light
was injected from the side of MIR [40], which is broadband compared with the DBR.
This configuration ensures that all optical tones of the OFC can penetrate the cavity in a
similar proportion without additional filtering. In the case of injection from the DBR side,
the reflector suppresses all side tones outside of the transfer function of DBR, which makes
estimation of the suppression ratio more complicated. Prior to injection, each slave laser
was thermally tuned to match one of the comb lines. After injection, achieving of a stable
locking state was monitored with the OSA and ESA, and fine adjustments were made by
both thermal tuning and phase shifter bias tuning. Achieving a fully locked state was
accompanied by a significant linewidth reduction of the beating tone, detected with the
ESA as seen in Figure 4a, and as the canceling of all additional tones, observed from the
point where the interaction of master seed and slave laser started and before the slave was
fully locked. Another figure of merit if the laser was locked or not was frequency stability:
frequency variation of the heterodyne beating of the two free-running lasers was in the
range of hundreds of MHz, while after injection of the seed (and even before full locking)
the frequency stabilized and followed the frequency of the RF source, which determined
the spacing between tones of the optical comb. In terms of linewidth reduction, a great
impact of locking is seen, allowing to reduce the linewidth below 100 kHz (Figure 4b).

a) —40 b) —40 ——————
RBW =20 kHz — Free running RBW = 1 kHz
g 50 ~—— Locked g —50 f.=34.6 GHz
/m m
o el
£ 60 £ 60
3 3
o o
2 =70 2 =70
[o) (o)
z z
o o
& 801 & 801
=90 - -90-
34.2 34.4 34.6 34.8 35.0 —4 -2 0 2 4
Frequency, GHz Frequency, MHz

Figure 4. Electrical spectra for (a) comparison of two free-running lasers and two locked lasers and
(b) linewidth estimation of two locked lasers.

4. Results and Discussion
4.1. Injection Locking with a Single Laser

In order to measure the locking range of the laser, i.e., the range within which the
slave laser locks to a tone of the injected comb without retuning, a modified setup as
shown in Figure 5a was used. The phase modulator was replaced with a Mach—Zehnder
modulator (MZM) to generate only two optical tones, and a variable optical attenuator was
added to control the power of the injected light. The MZM was biased at the null point
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to suppress the carrier and modulated with a sinusoidal wave with a frequency of frr in
the range of 15-18 GHz, which produces two optical tones with a spacing of 30-36 GHz.
This configuration produces two optical tones with spacing equal to 2fgrr. The slave laser
was thermally tuned to match one of the external optical tones. The incident light was
controlled through an optical coupler and achieving the locking state was monitored by
analyzing the electrical signal from the photodiode and direct measurement of the optical
signal. Detuning of the master signal was achieved by changing the RF frequency of the
source, and injected power was tuned by means of the VOA.

Figure 5b shows the measured locking range as a function of injection ratio P;,;/ P,
where P;,; is the power of a master signal and P is the power of the slave laser, for two
different currents feeding SOA;. As can be seen, a locking range of about 2 GHz is achieved
with an injection ratio of —20 dB. The shape of the locking range is in good agreement with
predictions based on analytical estimation of the locking range [24,41]:

—k\/1+a2,/l’)—’::wmm<Aw<wmax:k,/;—’: )

where Aw = Wy — Wyyin, k is the coupling coefficient, and « is the linewidth enhance-
ment factor.

In order to confirm that slave laser performance stays the same for different locking
points within the locking range, phase noise (PN) of the output electrical signal resulting
from beating the slave laser with the remaining second tone from the master on the PD can
be analyzed as an indicator for locking quality, as it is related to the linewidth of the optical
tone [42]. The measured PN when using Laser 1 (see Table 1) is shown in Figure 5c for
different frequency offsets of the master tone and an injection ratio of —18 dB, showing that
for all measured frequency offsets, the shape and level of the phase noise profile remains
the same. This observation can be explained by the fact that locking is similar for any
different locking point within a limited locking range.

a)
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Injection ratio Pjj/Po, dB Frequency, Hz
Figure 5. (a) Experimental setup for measuring the locking characteristics of a single laser; (b) mea-
sured (dots) and theoretical (solid) locking range of a single laser for two different feeding currents;
(c) phase noise power spectral density of the RF tone resulting from heterodyning of the injection-
locked slave laser with the second master tone for different master laser frequency offsets.
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Another important aspect of injection locking is the quality of locking for different
injected powers. Minimization of the injected ratio is desirable in order to increase sup-
pression ratio between amplified tone and residual lines of the OFC. Similarly, in complex
systems, it is possible to use a single master laser to lock arrays of slave lasers, which also
decreases the available power to each copy of the signal, forcing locking at small injection
ratios. Figure 6a shows the variation of the PN of the locked Laser 3 due to a decrease
in the optical power from the master injected into the cavity of the SL for zero offset of
the master tone. For all different injected ratios, we can see identical behavior of the PN
at frequency offsets up to 100 kHz. At these offsets, the PN of the beating between the
locked laser and the master tone follow the PN profile of the RF signal generator with a
constant offset, as expected from a frequency doubling two-tone system with suppressed
carrier [43], suggesting that the slave laser accurately matches the master tone. However,
starting at 100 kHz, PN behavior starts to differ from the master PN profile, and this
difference increases with the decrease in the injected power. Such phenomena may be due
to the fact that more power is required to ensure the SL is fully locked to the master and,
consequently, PN contributions of the laser at larger offsets are also suppressed. Further,
comparing Figures 5c and 6a, it can be noticed that PN has a similar shape at frequencies
below 100 kHz, but has a different profile at larger frequency offsets. This behavior of
the PN can indicate the different performance of the lasers due to the divergent designs
or fabrication variations, while at the same time, the fact that PN starts to increase at the
same frequency offset can tell us that injection locking cannot suppress all fluctuations in
the slave laser. Finally, it should be noted that the difference of the noise floor at higher
frequency offsets was determined by different power levels of RF beat tone, resulting from
reduced power from the secondary master tone.

—60
@) Injection ratio, Pjn;j/Po, dB -25 (b)
-312
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= —80 — =232 &
3 — 222 =
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- d
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10 10 10 193.600 193.625

Frequency, Hz Frequency, THz

Figure 6. (a) Phase noise for different injection ratios. Optical spectra of free-running laser (b), and of
locked laser with injection ratios of —31dB (c) and —21dB (d).

4.2. Injection Locking with Two Lasers

In this section, the usage of OIL as an active filter for selecting an optical tone from the
OFC and amplifying is shown. As described in the previous section, an OFC is generated
using a PM and is injected into the two slave lasers, which are tuned such that two of
the comb lines correspond to the free-running frequencies of the slave lasers. Respective
spectra of the comb (orange) and combined locked slave lasers (blue) are shown in Figure 7.
To demonstrate the tunability of such a system, the same slave lasers are locked to different
pairs of comb lines with different spacings (top and bottom of Figure 7). Robust tuning
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of the slave lasers was provided by thermal tuning, which was limited by the current
flow into the SOA section. Fine-tuning was provided using the phase section, but was
similarly limited by the breakthrough voltage of the device. “Selective amplification” of
two different sets of comb lines with spacings of 34.6 and 70.0 GHz was shown. In this
context, “selectivity” represents the suppression ratio (SR) between the desired amplified
lines and the remaining undesired tones of the original optical comb, which was as high
as 37 dB in the combined signal from the two slave lasers. “Amplification” in this case
refers to a power gain of 10 dB compared with the original optical tone. In this work, the
measured lasers do not have tuning contacts on the DBRs, but this can be easily changed
in future designs, which may significantly expand the tuning range of the slave lasers.
Another useful addition to the design of the laser can be an external heater for each cavity.
Further, a pair of slave DBR or DFB lasers can be designed to initially operate at different
wavelengths by introducing differences in grating pitch, which can be used for selection of
the different lines from a broadband OFC.

04

—20

740 -

193.5 193.6 193.7 193.8

_20 -

Normalized optical power, dB

—40

T T T T T
193.3 193.4 193.5 193.6 193.7
Frequency, THz

Figure 7. Normalized optical spectra of frequency comb (orange) and locked slave lasers (blue) for
two different spacings: (top) 34.6 GHz and (bottom) 70.0 GHz. Note: the apparent difference in noise
floors results from the normalization of the spectra and is the shifted noise floor of the OSA rather

than actual noise in the signal.

Fine-tuning in such a system can be achieved by adjusting the RF frequency f,r of the
source used for comb generation. Figure 8 depicts a tuning of the RF tone, generated with
two locked SLs, during continuous changing of the OFC spacing. In this measurement,
one of the SLs was locked to the central line of the optical comb and the other SL was
locked to the first harmonic (as in Figure 7 top). Both SLs were fixed and the injection ratio
was —27 dB. A tuning range of ~1 GHz is observed, which is in good agreement with the
locking range of the single laser itself (Figure 5b). Combined with the coarse-tuning by
comb line selection, such easily realized fine adjustment provides flexible tunability thanks
to the phase section within the cavity and the thermal tunability of the laser, which can be
useful in both communication systems and spectroscopy applications.

Analysis of the phase noise was also performed for the beating of the two locked lasers.
Figure 9 illustrates the PN of the beating of each of the lasers with the remainder of the OFC,
when one of the lasers was turned off (Figure 9a,b). Figure 9c depicts the beating of the two
lasers, locked to the different lines of the same comb. Significant differences in performance
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in terms of phase noise of the two lasers are observed. For both lasers, PN has the similar
profile, which copies the PN of the master signal, for frequency offsets up to 100 kHz,
and the same PN profile was demonstrated for other lasers. However, for frequency offsets
higher than 100 kHz, a significant divergence in PN level was recorded. This variance
may be caused by the design and fabrication differences of different chips (see Table 1).
The difference in the phase noise at high frequencies is explained by the different optical
power incident on the photodiode and, as a consequence, by the different power of the
analyzed RF signal. Measurement of the PN for 70 GHz spacing between selected lines of
OFC shows an increase in the PN of below 100 kHz for approximately 3 dB as expected.
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Figure 8. Fine-tuning of the RF tone generated with two locked SLs.
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5. Conclusions

This work presented a detailed study of optical injection locking in combination with
optical frequency comb for generation of tunable, high-quality sub-THz and THz signals
for applications in communications and spectroscopy. Performance improvement in terms
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of frequency stability and linewidth of the single laser during injection locking was shown.
The linewidth of the beating tone of two lasers was reduced from more than 100 MHz
to below 100 kHz. Phase noise measurements for different injection ratios and different
master tone frequency offsets were conducted. It was shown that for frequency offsets
below 100 kHz, phase noise of the slave laser follows the phase noise of the master for any
injected power, but for higher offsets, additional phase noise was observed. The locking
range was measured for different injection ratios. Selecting two lines from the OFC by
means of IL and generation of RF signals was demonstrated. Tuning mechanisms were
shown for two cases: coarse-tuning by selecting different sets of optical tones from OFC;
fine-tuning by changing the repetition rate between the comb lines. It was also shown
that the phase noise of the resulting RF signal is a sum of the phase noise of two separate
signals generated with the slave lasers. This work proves the feasibility of the concept of
generating of low-noise sub-THz and THz signals by means of injection locking.
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