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Abstract: This paper demonstrates optical sampling by electronic repetition-rate tuning (OS-
BERT): a single-laser optical sampling technique capable of fast scan rates and customisable
scan ranges. The method has no moving parts and is based on the electronic modulation of the
repetition rate of a passively mode-locked laser diode, simply by varying the reverse bias applied
directly to the saturable absorber section of the laser. Varying the repetition rate in a system built
as a highly imbalanced interferometer results in pairs of (pump, probe) pulses with successive
increasing delay. The resulting scan range is proportional to the magnitude of the repetition rate
modulation and is scaled by the chosen length of the imbalance. As a first proof of concept, we
apply the method to distance measurement, where the displacement of a target across 13.0 mm
was detected with ∼0.1 mm standard deviation from an equivalent free-space distance of 36 m
and at a real-time scan rate of 1 kHz. The customizable scan range and competitive scan rate
of the method paves the way for single ultrafast semiconductor laser diodes to be deployed as
fast, low-cost, and compact optical sampling systems in metrology, biomedical microscopy, and
sensing applications.

Published by The Optical Society under the terms of the Creative Commons Attribution 4.0 License. Further
distribution of this work must maintain attribution to the author(s) and the published article’s title, journal
citation, and DOI.

1. Introduction

1.1. Optical sampling

Applications for optical sampling techniques include imaging, sensing and communications
across the fields of attoscience [1], femtochemistry [2], and life sciences [3]. The basis of
optical sampling techniques such as those used in pump-probe spectroscopy is to provide some
temporal delay between two ultrashort pulses: a high energy excitation pump pulse and a low
energy probe pulse. The delay between these pulses may be varied, allowing events between
successive pulses to be analyzed. The conventional approach to introduce and vary such optical
delay between pulses is to use mechanical translation stages fitted with retroreflectors. Due to
its mechanical nature, this approach is intrinsically limited in scan rate [4]. On the other hand,
ASOPS – asynchronous optical sampling [5], achieves the delay between pump and probe pulses
by instead adopting two pulsed lasers with a small difference in repetition rate fpump and fprobe
such that ∆f= fpump – fprobe. This fixed repetition-rate difference causes the pump and probe
pulses to reach the target with a mutual delay which increases incrementally with each successive
pair of pulses until a full roundtrip period 1 / fpump has been scanned. This method improves
upon the conventional delay stage mechanism firstly by having no mechanical parts, and secondly
by an increase in potential scan rate, which is as high as the difference in repetition rate ∆f - to
date practically demonstrated at multiple kHz scan rates [6]. One of the limitations of ASOPS
is that the scan range is fixed and dictated by 1 / fpump [7] and scans must acquire this entire
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temporal range which is often fairly long compared to typical ultrafast events which may occur
over femtoseconds to picoseconds. Therefore, any scan range exceeding that which is required
leads to dead time, and scans take disproportionately longer to complete than the event of interest.
ECOPS – electronically controlled optical sampling [8], improves upon some of these drawbacks
by modulating the repetition rate of one of the lasers, whilst the other laser is kept constant [9].
This allows a customizable scan range of interest within the round-trip period to be selected,
reducing the dead time and potentially also increasing the scan rate. For example, ECOPS was
recently used to demonstrate THz-based thickness measurements at 1600 scans per second over a
200 ps scan range [10]. Crucially, both ECOPS and ASOPS require two lasers, which doubles
not only the costs and footprint of such systems, but significantly increases their complexity in
matters of the hardware and software required in phase-locking both pulse trains accurately.

The OSCAT method – optical sampling by laser cavity tuning [11] – uses only one laser in
combination with a highly imbalanced interferometer, where the pump pulses are sent to the
target, and the probe pulses are delayed via a passive delay line (PDL) of length l and refractive
index n. The delay line in this configuration is entirely stationary, with no mechanical delay stage,
providing a spatial delay which is so long (accommodating many periods T of repetition rate f,
where T= 1 / f ), that adjusting the repetition rate of the source laser from f to f+ ∆f leads to a
scan range ∆τ given by

∆τ =
l · n · f

c

(︃
1
f
−

1
f + ∆f

)︃
(1)

where c is the speed of light in a vacuum. As the repetition rate value is incrementally increased
from a minimum to a maximum across the tuning range (using a piezo stack to control the laser
cavity length) the probe pulse is delayed temporally with respect to the pump pulse. Figure 1
shows the role the passive delay line plays in conjunction with the ability to vary the repetition
rate.

Fig. 1. Schematic diagram illustrating the general optical sampling principle of OSCAT. A)
The initial repetition rate f1 = f propagates both the short and the long (PDL) arms, with no
delay at the target position B) the laser’s repetition rate is increased to f2 = f + ∆f , causing
an increasing delay between pulse pairs, leading eventually to C) f2 has now traversed the
PDL resulting in a consistent delay between the pulses.

Whilst the OSCAT design is simpler than ASOPS or ECOPS, it still relies on a mechanically
driven change in laser cavity length, meaning there remain certain limitations in the potential for
scan rate. OSREFM – Optical Sampling by Repetition Frequency Modulation [12] – adopted the
same OSCAT sampling principle illustrated in Fig. 1 and applied it in a configuration where the
repetition rate of a gain-switched semiconductor laser diode was modulated. Although OSREFM
was only demonstrated at lower scan rates of up to 333 Hz, this single-laser technique does
remove the need for any mechanical parts, as the repetition rate is modulated directly via an
electrical signal. It does, however, require complicated locking electronics to both set and lock
the repetition rate and its modulation. Moreover, it was noted that the system exhibited a fairly
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high pulse-to-pulse jitter of around 10 ps. The high jitter values were attributed to both the
driving electronics and the gain switching mechanism itself, due to the influence of amplified
spontaneous emission during the formation of the pulses.

In the realm of pulse generation from laser diodes, it is known from the literature that typically,
ultrashort pulses emitted directly from gain-switched laser diodes display longer pulse durations
and higher timing jitter values than mode-locked laser diodes [13]. This is significant, because as
previously reported for OSCAT (and applicable to OSREFM), the pulse-to-pulse jitter of the
laser used can have a very deleterious effect on the accuracy of the optical sampling method [14].

In order to overcome the need for mechanical repetition rate tuning used in OSCAT, this
paper presents a new approach – OSBERT, optical sampling by electronic repetition-rate tuning
[15]. An OSBERT setup begins with the basic principle of OSCAT (illustrated in Fig. 1): an
imbalanced interferometer with a PDL so long that electronically varying the repetition rate of a
mode-locked laser diode (MLLD) varies the delay between pump and probe pulses. Depending
on the application, either the PDL length l or the range of repetition rate tunability ∆f may be
adjusted to optimise the available scan range ∆τ according to Eq. (1). Moreover, unlike OSREFM,
OSBERT does not use gain-switched laser diodes, but instead makes use of the possibility of
dynamic biasing of mode-locked laser diodes and consequent repetition rate tuning, as will be
described in the next section.

1.2. Mode-locked laser diodes

Mode-locked laser diodes are low-cost, compact lasers which, depending on their fabrication,
composition and structure, may generate pulses across a wide variety of repetition rates,
wavelengths, pulse durations, and optical powers [16–18]. With MLLDs, passive mode-locking
can be easily implemented with a two-section laser diode, such as the one represented schematically
in Fig. 2. In these lasers, whilst the gain section is forward biased, a saturable absorber section is
simultaneously reverse biased until the gain and loss dynamics of each section leads to passive
mode-locking and the generation of ultrashort pulses.

Fig. 2. Diagram of a typical MLLD with a reverse biased saturable absorber section which
is electrically isolated from a forward biased gain section.

An intriguing aspect of MLLDs is the ability to tune their repetition rate entirely electronically
by varying the diode-driving conditions without the need for a tunable external cavity; this has
been demonstrated by varying combinations of the device’s temperature, gain current or absorber
bias [19–21]. OSBERT makes use of this versatility in order to generate a variable repetition rate
controlled electronically via the reverse bias applied to the saturable absorber, resulting in an
optical sampling scheme without any moving parts.

The possible mechanisms that underlie the electronic repetition rate tunability in these lasers
have been widely discussed in the literature. This is due to greatly varying trends in tunability
between device structures, compositions and characteristics. One such explanation relies on the
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Pockels’ effect, where the application of an electrical field across either section of the device
may lead to variations in its refractive index, often indicated by observed variations in the central
emission wavelength [20]. Similarly, the plasma effect has been cited as a potential cause [22,23],
where a change in the refractive index is induced by a change in carrier density [24] during
biasing. Another possible contributor may be the quantum confined Stark effect [25,26], which
describes the effect of an external electric field upon the light absorption spectrum or emission
spectrum of quantum-confined materials such as quantum wells or quantum dots. In the absence
of an external electric field, electrons and holes within the quantum confined structure may only
occupy states within a discrete set of energy sub-bands or levels. Consequently, only a discrete
set of frequencies of light may be absorbed or emitted by the system. When an external electric
field is applied, the electron states shift to lower energies, while the hole states shift to higher
energies. This reduces the permitted light absorption or emission frequencies, and as such the
wavelength of light generated may change slightly due to changes in biasing conditions [27,28].
Given that the refractive index of MLLDs is by extension wavelength-dependent, this could in
turn slightly vary the propagation speed, and thus, the pulse repetition rate. Finally, repetition
rate tuning has also been attributed to ‘detuning time’: temporal shifts in the pulse position
through reshaping within the biased absorber and gain sections, which cause the repetition rate to
deviate from the Fabry-Pérot round-trip time [20,21,29].

In addition to the versatility described above, it is important to note that not only do MLLDs
typically display lower pulse-to-pulse jitter values than gain-switched lasers, but also that
quantum-dot MLLDs have also demonstrated superior jitter performance over their quantum-well
counterparts [16]. This is due to the reduced amplified spontaneous emission in quantum-dot
materials (brought on by greater carrier confinement), which is one of the primary sources of
jitter in passive mode-locked laser diodes [30,31]. We have therefore selected a quantum-dot
MLLD to be at the core of this first demonstration of OSBERT. To prove the principle, we then
carried out a distance measurement, as introduced in the following section.

1.3. Optical sampling for distance measurement

As a first proof of concept, the application tested in this paper is distance measurement [32–34].
OSCAT is regularly demonstrated to be an ideal tool for absolute distance measurement,
particularly at long distances [32], where the long PDL intrinsically can be the distance to a
stationary or moving target. LIDAR (light detection and ranging) was the tested application of
Yang et al. [35], recording vibrations of a moving target as low as 15µm at several kilometres
distance, at an update rate of 50Hz. Whilst kilometres-distances are impractical in the laboratory
setting, in this case the PDL was a coiled optical fibre intended to represent the potential for
long range distance measurement, and a moving retroreflecting mirror at the end of one of the
arms was considered the target [35]. Facing the same practical limitations, we make these same
mitigations in our following distance measurement experiments, as will be shown in the next
section.

2. Experimental results

2.1. Experimental setup

Distance measurement through the generation of an interferometric cross-correlation at several
different points is adopted as a first proof of principle for OSBERT. This was implemented using
the experimental setup illustrated in Fig. 3.

By cross-correlating pulses originating from each arm and moving the target to displace
the cross-correlation signal, a distance between traces could be measured which were directly
proportional to the distance moved. We therefore adopt a similar scenario to [35] described in the
previous section, whereby the mirror mounted on the mechanical stage was considered a moving
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Fig. 3. The experimental setup allows for both a mechanical stage acquisition and an
OSBERT acquisition of the same cross-correlation between one pulse propagating in the
short arm and another propagating in the long arm of an interferometer.

target situated some distance away; in this case we make use of the long PDL arm to serve as this
effective distance. However, instead of moving the mirror (which in our case is the beam-splitter
cube) we move the fiber-launch system as a reciprocal analogue. The optical fiber serving as the
PDL is mounted with a collimation lens on the translation stage, making this the target within the
optical sampling setup whose position is altered and measured.

In order to achieve fast scanning using the highly imbalanced interferometer setup of OSBERT,
we must modulate the bias to the absorber section of the MLLD in order to modulate the
repetition rate by ∆f, which combined with the imbalance in length of PDL will give rise to a
scan range ∆τ. The absorber bias modulation is achieved using a signal generator (Keysight
Technologies 33612A Waveform Generator, 80MHz). The two pulse trains then recombine at a
detector (Thorlabs InGaAs DET08CL/M, 5GHz bandwidth), whose output signal is received at
an oscilloscope (Teledyne Lecroy HDO4104, 1GHz bandwidth).

As a central component of OSBERT, we now turn our attention to the MLLD used in the setup.
With reference to Fig. 2, the InGaAs-based quantum-dot narrow-ridged waveguide device was
fabricated with a total length of 8.00 mm corresponding to a repetition rate of approximately 5
GHz. The total absorber length was 900 µm, while the narrow ridge waveguide was 4 µm wide.
The absorber and gain sections were electrically isolated from each other via isolation trenches.
The back facet was highly reflective while the front facet had a low-reflectivity coating.

In order to ascertain the parameters of operation of the laser which would enable OSBERT, an
extensive characterisation of its performance was carried out. For this work, typical device output
characteristics under a forward bias of 210 mA applied to the gain section and a reverse bias
of 4.60 V applied to the absorber section are: a repetition rate of 5.079 GHz, pulse duration of
approximately 5 ps, average power of approximately 6 mW, optical peak power of approximately
215 mW and an optical spectrum centred at ∼1265 nm. Importantly, the greatest repetition rate
tunability ∆f was found when the reverse bias to the saturable absorber was increased from 4.60
V to 7.80 V. The radio frequency (RF) spectra indicating the resultant repetition rates for this
reverse bias range were analyzed, where in each case the position of their peak was extracted
from a Lorentzian fit. As such, a total repetition rate tunability of ∆f ∼ 10MHz is found for an
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approximately linear change in reverse bias voltage to the absorber section of ∆V= 3.20V. The
resulting tuning range and an exemplar RF spectrum are depicted in Fig. 4.

Fig. 4. Pulse repetition rate at 210 mA forward current to the gain section for increasing
reverse bias to the absorber section. Inset: an example RF spectrum taken at 6.0 V reverse
bias is fit with a Lorentzian function in order to determine the central frequency of the
spectrum.

2.2. Experimental procedure

Prior to an OSBERT scan we firstly acquire a cross-correlation trace using the conventional
mechanical delay-stage setup. The pulses propagating through the imbalanced arms of the
interferometer are combined via the beam-splitter cube and directed towards the photodetector.
The pulses of the long arm are temporally delayed with respect to those of the short arm by
varying the position of the mechanical translation stage (Thorlabs LTS 300 mm), whilst acquiring
the detector’s signal at each position.

With the setup in place, an OSBERT scan of a cross-correlation may then be acquired, whereby
the scan range ∆τ is determined by Eq. (1), where the length l of the PDL is comprised of a 5 m
optical fibre of refractive index n= 1.46, the fundamental repetition rate f is 5.079GHz and the
repetition rate tunability ∆f can be up to 10MHz. For an optical fibre PDL of length 5 m, this
gives a scan range of 47.82 ps. As such, instead of moving the mechanical stage by a proportional
distance and collecting a data point from the detector at each position, we hold the mechanical
stage stationary, centralised at the peak position of a cross-correlation, and simply sweep the
reverse bias to the absorber, detuning the resultant repetition rate, and generate a cross-correlation
scan.

2.3. Mechanical scan vs OSBERT

The comparison mechanical stage cross correlation trace was acquired after applying the 210mA
forward current to the gain section of the narrow-ridge device, and a mid-range 5.90V reverse
bias to the absorber section in order to produce a stable picosecond pulse train. Mechanically
sweeping the stage position generated the reference cross-correlation scan, as represented in
Fig. 5. The spatial resolution in the mechanical stage trace is dictated by the step chosen for
the incremental movement of the translation stage (in this case, 1 µm), and the acquisition time
required for the full measurement was 322s.
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Fig. 5. Conventional mechanical stage cross-correlation trace across an arbitrary distance is
taken at 210 mA forward current to the gain section and 5.90 V reverse bias to the absorber
section. The central peak occurs at the stage position of 44.25 mm.

Noting the central position of the trace, we demonstrate OSBERT in Fig. 6 at a 1-kHz scan
rate (the frequency of the sinusoidal modulation of the reverse bias) using the 5m length of
optical fiber of refractive index 1.46 as a PDL, and a reverse bias modulation equivalent to
∆f ∼3.39 MHz repetition rate tuning, giving rise to a scan range which is sufficient to fully
capture a cross-correlation event. Two periods of scanning are acquired on the time-base of the
oscilloscope, therefore the acquisition time of one cross-correlation trace is 500µs, see Fig. 6.

Fig. 6. 1 kHz OSBERT scans are shown within a real oscilloscope time-base of 1 ms.

In OSBERT, the spatial resolution mostly stems from the convolution of temporal step size
between the pulses emerging from the two interferometer arms with the interferometric cross-
correlation function, the number of pairs of pulses interfering per cycle, the electrical bandwidth
of the detector (5 GHz), as well as the bandwidth of the oscilloscope (1 GHz) and its sampling
rate (2.5 GSa/s maximum – corresponding to a sampling period Ts of 400ps).
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For the setup conditions presented in the manuscript, the laser pulse repetition rate is ∼5
GHz corresponding to a period of ∼200 ps. Each pair of interfering pulses contributes to the
cross-correlation signal. However, the oscilloscope sampling period is 400 ps. This can equally
be converted to the spatial domain ∆ls (in mm) using ∆ls = c · Ts/1000, leading to 0.12 µm
minimum spatial step size (or resolution).

What is notable between these real-time scans and the mechanical counterparts is a reduction
in the number of fringes detected, owed to the effects of aliasing; the faster scan rate means that
the sharp temporal features of each fringe (that is, the rise time associate with one fringe) may
be less clearly detectable by the 1 GHz bandwidth limit of the oscilloscope. Faster detection
equipment, and / or slower scan rates would reduce this effect, depending on the detail required
for the chosen application.

2.4. Distance measurements using OSBERT

For distance measurement, we select a longer optical fiber PDL length of 25 m (refractive
index 1.46) is selected for the long arm, providing a target distance of 36 m in equivalent
free-space, and the repetition rate tunability is set to ∼3.39 MHz via appropriate sinusoidal
modulation of the reverse bias applied to the absorber section, ultimately corresponding to a
total available scan range ∆τ of 81.3 picoseconds (or 24.4 millimeters in the spatial domain
∆l) – as theorized above, this longer PDL has given rise to a longer (customizable) scan range
than that given by the 5m optical fiber described above. The target is moved from its origin
to various positions with the mechanical translation stage, whilst simultaneously running the
OSBERT scanner at a 1kHz scan rate. At each 1.0 mm change in the target position, an OSBERT
cross-correlation is acquired and superimposed on the predecessor scan. Thirteen consecutive
target position traces were acquired, see Fig. 7.

Fig. 7. Raw, real-time oscilloscope traces of 1 kHz OSBERT scans at several target
positions.

These raw-data scans were acquired in-real time, where target motion was instantly detectable
without the need for signal enhancement or improvement by averaging. In order to convert from
the real time t of the oscilloscope trace to a repetitively scanned delay time ∆τ(t), we adopt the



Research Article Vol. 29, No. 5 / 1 March 2021 / Optics Express 6898

theory outlined in [35], which deconvolves the traces from sinusoidal form to linear form by

τ(t) ≈
∆f .T0

f
sin

[︃
2πfm

(︃
t +

T0
2

)︃]︃
(2)

where ∆f is the repetition rate tunability, T0 is the passive delay time corresponding to a PDL of
length l such that T0 = ln/c (where n is the refractive index of the PDL), f is the fundamental
repetition rate and fm is the frequency of sinusoidal modulation of the change in repetition rate
(i.e., the scan rate). Subtracting a reference baseline scan, and applying this function to the
real-time axis t represents the scans in terms of the scan range ∆τ, which may then be converted
to the spatial domain ∆l in millimeters using ∆l = c · ∆τ/1000, we now have a representation of
each acquisition at the target position, see Fig. 8.

Fig. 8. 1 kHz OSBERT scans converted from a real time axis to delay time, represented in
the spatial domain.

The measured value of the position at each distance was extracted from the peak of the
cross-correlation – an approach widely adopted in the field (for example, as shown in [32]). In
order to do this, we fitted a Gaussian function to each cross-correlation trace shown in Fig. 8,
and from this fit we extracted the fitted parameter corresponding to the abscissa of the peak of
the Gaussian. For each distance, this parameter provides the measured distance moved and it is
represented in Fig. 9 in comparison with the actual distance moved on the translation stage in 1
mm increments, where a 1:1 line serves to represent the accuracy of the measurements. The
average (0.978 mm) and standard deviation (0.10 mm) of the expected 1.0 mm target motions
was then calculated from this series.

Conceptually, this ultimately means we have detected millimeter to centimeter range movements
of a target situated at an equivalent free-space distance of 36 meters from the OSBERT detector,
to within 0.1 mm standard deviation, at a fast scan rate of 1kHz. According to the manufacturer’s
specifications, a maximum absolute accuracy of 0.07 mm may have been contributed by the
translation stage used. While this is independent of any error present in the OSBERT system
itself, it may have contributed to some extent to the accuracy of the distance measurement,
as for each set position in the translation stage, there could be a slight difference between the
commanded (ideal) position and the absolute position.



Research Article Vol. 29, No. 5 / 1 March 2021 / Optics Express 6899

Fig. 9. Values of distance moved measured with OSBERT, as a function of the values of
distance moved by the mechanical translation stage.

Given that OSBERT is presented here as a time-sensitive cross-correlation technique, we
shall consider the pulse to pulse timing jitter σpp as a comparison with the OSREFM technique
described above. Kefelian et al. [36] have shown that the pulse to pulse timing jitter may be
extracted using the RF linewidth ∆υ of the RF spectrum of central repetition rate frequency frep as
a figure of merit for the magnitude of jitter, which is found to increase for the increasing number
of periods N between pulses, such that N = l · n · frep/c is the scaling factor of Eq. (1), and where

σpp(N) =
1

frep

√︄
∆υN
2πfrep

(3)

This is particularly relevant for OSBERT, where greater scan ranges may be brought about by
increasing the PDL length l within the cross-correlator, and therefore increasing the number of
roundtrip periods therein.

Using the Kefelian approach, RF spectra from Fig. 4 were fit with a Lorentzian function in
order to determine their linewidth, which were around 15kHz. Substituting this into Eq. (3), we
may calculate the jitter according to an increasing passive delay length. Firstly we note that for a
15kHz linewidth, the jitter associated with the MLLD alone (i.e., with just one period where
N = 1) is 135 femtoseconds compared with the 10 picoseconds demonstrated by the GSLD used
in OSREFM [12]. In conjunction with a PDL, the OSBERT system exhibits up to a maximum of
2.8 picoseconds of pulse to pulse timing jitter depending on the PDL length used (25 m in the
case of this work). Due to the versatile nature of MLLD devices and the wide range of biasing
conditions which may be utilised, the reverse bias used for scanning could be optimised for only
those in the range of the lowest linewidth values. If a shorter PDL of just a few meters length
and a smaller repetition rate tuning range ∆f gives rise to a sufficient customisable scan range,
conceivably pulse to pulse timing jitter as low as a few hundred femtoseconds could be present in
the system.

We may now compare our results with some similar systems described above. Generally, there
is a trade-off for scan rate and accuracy, where we have measured the movement of a target
across 13.0 mm from an equivalent free-space distance of 36 m. At a scan rate of 1kHz we found
agreement of the target motion with 0.1 mm standard deviation. An ASOPS setup presented
in [37] detected the motion of optically rough objects from a distance of 0.5 m, with 10 µm
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accuracy and at scan rates of 500 Hz. Terahertz impulse ranging [33] was used in a similar
ASOPS arrangement at a scan rate of 10 Hz, and yielded an accuracy of −551 µm for target
motions of 5 mm over a 200 mm range, from a scanning distance of 1 m. Similarly, an OSCAT
arrangement was used for absolute distance measurement and found agreement within 10 µm
from a target distance of 47 m [32].

Therefore, as well as improving the jitter, there are several other developments which will
improve the quality and accuracy of the technique in the future. Since this work serves as a proof
of concept, no signal processing was performed on the traces, such that they could be assessed
in the context of live scanning, whereas most other techniques tend to time-average multiple
traces in order to improve the signal to noise ratio and time-domain stability. Post-processing of
the signal is also expected to improve the accuracy of metrology-related applications. Similar
devices of differing semiconductor structures could also be fabricated and driven under optimised
biasing conditions for reduced jitter, whilst a detection system with greater bandwidth could be
used to improve how the traces are resolved at faster scan rates.

3. Conclusions

Optical sampling by repetition rate tuning (OSBERT) has been developed to take advantage of a
number of the pros of the described techniques; namely the one-laser system of optical sampling
by cavity tuning (OSCAT), the fast scan rates competitive with Electronically controlled optical
sampling (ECOPS) and asynchronous optical sampling (ASOPS), and the optical sampling by
repetition frequency modulation (OSREFM) premise of electronically varying the repetition
rate of a laser diode, negating any need whatsoever for mechanical parts. The replacement
of mechanical parts with an electronic change in reverse bias to the absorber section of the
mode-locked laser diode (MLLD), provides a comparable cross-correlation trace to that of
standard delay-stage methods. We then modulated the driving frequency of the scan and find
repeatable acquisitions at up to kilohertz scan rates. Finally, as a proof of principle, we test the
method on a distance measuring application, where the movement of a target across 13.0 mm
was successfully measured at an equivalent free-space distance of 36 meters at a scan rate of
1kHz, with 0.1 mm standard deviation. Preliminary tests indicate that with further work, broader
bandwidth detection equipment and some amount of signal processing, longer distances may be
accurately measured at faster scan-rates approaching 10’s to 100’s of kHz, which would require
increasing the modulation speed of the electrical bias signal to the absorber section of the MLLD.
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