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Abstract: Laser diodes, in general, are sensitive to optical feedback, especially with regards 
to maintaining single-frequency operation. Until now, however, the feedback sensitivity of 
high-power devices such as single-frequency DBR tapered laser diodes has not been 
investigated in quantitative detail. In this paper, we analyze the impact of very weak optical 
feedback between −105 dB and −40 dB on a high-power DBR tapered laser diode. The 
measurement set-up is validated using a typical DFB laser diode. The results are in good 
agreement with theory at low feedback levels.  

© 2020 Optical Society of America under the terms of the OSA Open Access Publishing Agreement 

1. Introduction 
For most applications, an ideal laser source would be a semiconductor-based laser diode due 
to the high efficiency, small size, and low cost when produced in large quantities. In recent 
years, developments in tapered laser diodes have proved that it is possible to manufacture 
laser diodes in the near infrared emitting more than 10 W of optical power at a single 
frequency and with the majority of the power spatially contained in a Gaussian-like central 
lobe [1–3]. With electro-optical efficiencies around 40 – 50 % and a size of a few mm³, these 
devices are ideal candidates for second harmonic generation (SHG) into the visible spectral 
range [4] or remote sensing applications [5]. However, reliable single-frequency operation in 
a system incorporating such high-power single-frequency diode lasers often requires optical 
isolation between the optical elements and the laser itself between 30 and 60 dB due to the 
risk of spectral instability or even laser degradation. Unfortunately, the Faraday isolators 
necessary to achieve this isolation at 10 W of power are bulky, expensive, and use strong 
magnetic fields to achieve high isolation. All of these parameters can counteract some of the 
benefits offered by the laser diodes. 

While external cavity diode lasers, obtained with high optical feedback power ratios, have 
been studied extensively [6,7], the opposite is true for low levels of feedback, which are 
sometimes known as parasitic reflections. The majority of the work at low feedback power 
ratios was done during the early telecom years and has revolved around avoiding a state 
known as coherence collapse for distributed feedback (DFB) lasers often caused by reflections 
from fiber couplings [8,9]. However, the first effects of the feedback can be seen at feedback 
levels, which are two or three orders of magnitude lower than the levels required for coherence 
collapse. These smaller effects are often acceptable for communication systems where short 
devices with a large mode spacing are used. However, for the smaller mode spacing of the 
relatively long wavelength stabilized high-power lasers, e.g., tapered laser diodes, small 
frequency perturbations from feedback can lead to mode hopping. This mode hopping can be 
detrimental, e.g., SHG, where a wavelength shift of tens of picometers can significantly 
change the conversion efficiency [10]. Some work has also concerned a more general 
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description of the different effects seen at low feedback power ratios, both experimentally [11] 
and numerically [12,13]. The use of these feedback effects in sensitive measurements using 
self-mixing interferometry is described in [14]. Here, a good overview of the background and 
a collection of application examples are given showing the potential of the technique. While 
the focus of the experimental work was mainly on ridge-waveguide DFB laser diodes, the 
theory can be applied to any laser emitting in a single longitudinal mode. Recent work has 
also shown that semiconductor ring lasers are less sensitive to optical feedback [15]. 
Unfortunately, the measurement setups and methods described in the literature are not suitable 
for quantitative characterization of the feedback sensitivity of single-frequency high power 
laser diodes such as distributed Bragg reflector tapered laser diodes (DBR-TPL). This is 
because they either rely on feedback to the back facet of the device, which is not a realistic 
case for DBR tapered laser diodes, or they are already very specific for only one application, 
e.g., feedback from a single-mode fiber [16] or a SHG crystal [17]. Overall, the existing 
literature gives little insight into the challenges associated with designing and using a setup 
where the results can be impacted by feedback power ratios as low as -80 dB, nor does it 
describe the reproducibility of the results. 

In this paper, we give a detailed description of a measurement method to determine the 
sensitivity to external feedback from a relatively long distance of high-power frequency 
stabilized laser diodes. This is particularly relevant when using such laser sources for 
nonlinear frequency conversion. The measurement method was tested with a low power ridge-
waveguide DFB laser and later on applied to a high power DBR-TPL. The experimental 
results of the measurements are discussed and compared to simulations based on the Lang-
Kobayashi equations. 

2. Theoretical background 
The most widely used theory to describe optical feedback to laser systems is based on the 
Lang-Kobayashi equations [18]. These equations are valid for a laser emitting in a single 
longitudinal mode. 

In the literature, the spectral effects of feedback have previously been divided into 5 
regimes [11]. Regime I is defined by any feedback level at which only one steady-state 
solution exists for the laser at all phases of the feedback. At higher feedback levels, the 
availability of multiple solutions could lead to frequency hopping or splitting. If the phase of 
the feedback light is scanned back and forth, a frequency hysteresis can be observed. This 
behavior is known as Regimes II and III. Regime IV corresponds to the laser diode entering 
coherence collapse while, finally, stable external cavity operation starts at high feedback 
levels in Regime V. While classification in regimes serves as a good basis for comparison, it 
is important to note that more complicated devices, such as DBR tapered laser diodes, might 
behave differently due to the lateral mode dynamics, small internal reflections from transitions 
between internal sections of the device or other variations from a simpler single transverse 
mode device. 

For low levels of feedback, the linewidth will either increase or decrease, and the center 
frequency will shift, depending on both the phase and strength of the feedback. However, the 
linewidth change is small and can be difficult to observe. For this reason, we focus on the shift 
of the frequency, which can be on the order of a few hundred MHz. A simple laser with two 
mirrors, perturbed by feedback from a single external source, will undergo a frequency shift. 
The frequency shift for low feedback powers can be approximated by the theory given in [11] 

Δ𝜔𝜔 ≡ 𝜔𝜔 − 𝜔𝜔0 = −𝜅𝜅(sin(𝜔𝜔𝜏𝜏𝑒𝑒) + 𝛼𝛼 cos(𝜔𝜔𝜏𝜏𝑒𝑒)) (1) 

where ω is the frequency, ω0 is the frequency without feedback, τe is the round trip time for 
the external feedback, α is the linewidth enhancement factor and κ is defined by: 
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It depends on the internal round trip time of the laser, τs, the power reflectivity of the output 
coupler, Rs and the power reflectivity of the external feedback source, Re, with total 
attenuation, µAT, in the feedback branch given by 

𝜇𝜇AT = 10 log10 𝑅𝑅e (3) 

It should be noted that both Re and Rs represent the ratios of the power that are mode-matched 
back into the resonator. Therefore, the value of Rs will not be identical to the power reflection 
of the front facet coating on neither a DFB laser nor a tapered laser diode.  

Of the five regimes, the border between Regime I and II is especially interesting since it 
describes the maximum feedback that the laser diode can handle before the frequency shift 
becomes discontinuous, which, according to the theory, should occur when Acket’s factor C, 
exceeds one [19]. 

𝐶𝐶 = √1 + 𝛼𝛼2 𝜅𝜅𝜏𝜏𝑒𝑒 > 1 (4)  

This discontinuity in the frequency shift could lead to further instabilities and therefore 
impact laser-based experiments or applications [20]. For this reason, the transition from 
regime I to II is measured and used as a quantification of how sensitive the laser diodes are to 
optical feedback as this will severely impact the stability of a frequency-converted laser 
system. 

Despite some of the lasers used in this work have more complicated geometries, the 
comparison of the experimental results with the simulations based on the theory in [11] is a 
good starting point to understand the influence of external feedback on the devices. 

3. The experimental setup 
The feedback power ratios of interest to this paper extend down below -100 dB. Such low 
values are very challenging to obtain in a reproducible manner.  

The main consideration for the setup is how to ensure a high coupling efficiency for the 
intended feedback while eliminating the feedback from other elements in the setup. For this 
reason, the feedback branches were designed to have as few and as simple optical elements as 
possible, and the diagnostics branch of the setup is isolated using a Faraday isolator. A 
schematic of the setup is shown in Figure 1. The plane optics are slightly angled with respect 
to the optical axis to ensure that reflections are not coupled back into the laser diode. To 
stabilize the coupling efficiency of the feedback, the light is focused onto a mirror as this 
makes the coupling efficiency relatively independent of the mirror alignment. 

We use an uncoated wedge as a beam pick-off for the controlled feedback. Since the laser 
diodes used are p-polarized relative to the wedge surface, the Fresnel reflectivity is 
approximately 1 % (-20 dB), so the maximum amount of feedback in the configurations 
described in this section is approximately -40 dB. If an s-polarized laser is used instead, the 
Fresnel reflectivity is approximately 10%, resulting in a maximum of approximately -20 dB. 
If even higher levels of feedback are needed, then the positions of the diagnostics and the 
feedback branches can be switched since the diagnostics equipment requires very little light. 
The main focus of this work is feedback in regimes I and II. Therefore, the configuration with 
a maximum feedback power ratio of -40 dB was chosen. 

Before any measurement is performed, it is important to ensure that no component in the 
setup is producing too much unwanted feedback. This can be difficult to do in practice, but 
here we utilize the fact that the effect of low levels of feedback is highly dependent on the 
phase of the feedback. This means that if a component is giving significant feedback, then the 
emission frequency will be shifted if the component is moved along the optical axis by half a 



wavelength of the light. In practice, this can be done by lightly touching the mount of the 
optics. The emission frequency change can easily be in the hundreds of MHz and is therefore 
visible on the scanning Fabry Perot interferometers.  

3.1 Setup 

Figure 1 shows a schematic of the setup. The laser diode output is collimated in the fast axis 
using an aspherical lens. For the tapered laser, a cylindrical lens is used to collimate the beam 
in the slow axis to correct for the astigmatism. To investigate whether the collimation optics 
influenced the results either by different mode matching or different amounts of unwanted 
feedback, we tested two different lens combinations for the tapered laser. The focal length of 
the aspherical lens is either 2 mm or 4.5 mm. The cylindrical lenses used for collimating the 
tapered laser have focal lengths of 5.8 mm or 25.8 mm, respectively. After the laser diode is 
collimated, an uncoated wedge is used to select a portion of the light for the controlled 
feedback.  

 

Figure 1. Schematic of the setup. The fast axis of the laser beam is collimated using a biconvex 
aspheric lens. If the laser diode is a tapered laser diode, then a cylindrical lens is added to 
collimate the laser beam in the slow axis as well due to astigmatism. 

This light passes two reflective neutral density (ND) filters. The light is then focused onto 
a mirror using a lens with a focal length of 45 mm. The mirror is mounted on a piezoelectric 
transducer, and both the mirror and the focusing lens in the feedback arm are mounted on a 
rail so that the distance to the laser diode can be varied from 25 cm to 100 cm. The feedback 
power ratio is measured by inserting a power meter just before the feedback mirror and 
comparing the power here with the known output power of the laser. As the light travels back 
to the laser diode with the same attenuation, the ratio includes both passes of the attenuators. 
The light transmitted through the wedge is passed through a 30 dB isolator and expanded with 
a concave mirror onto a beam dump. For diagnostics, two scanning Fabry Perot 
interferometers (sFPI, Thorlabs SA200-8B, and SA210-8B) are used together with an optical 
spectrum analyzer (OSA, Advantest Q8347). To avoid unwanted feedback from the 
diagnostics equipment, we use multi-mode fibers to collect scattered light from the laser diode 
and the beam dump for the OSA and sFPIs, respectively. To ensure proper collimation of the 
laser diode, a camera and a lens can be inserted after the ND filters to image the beam waist. 
The feedback beam is monitored with a second camera. This camera is also used in the 
alignment process.  

3.3 Unwanted feedback 

The unwanted reflections from the cylindrical lens, the wedge, the ND filters, and the focusing 
lens can be avoided by tilting the elements and dumping the reflections, so that they will not 



be coupled back into the laser diode. However, this leaves two components from where the 
unwanted reflections can be unavoidable. 

The aspherical lens used for fast-axis collimation cannot be angled, due to the high 
numerical aperture needed. To calculate the amount of feedback from this element, we used 
the ray-tracing software BeamXpertDESIGNER to estimate the amount of light reflected into 
the entrance to the ridge waveguide of a tapered laser diode. For the f = 2 mm lens, the 
estimated feedback is -79 dB and -77 dB from the lens’ first and second interface, 
respectively, assuming a 0.2 % AR coating. A similar estimate for the f = 4.5 mm lens in the 
alternative optics yields -80 dB and -88 dB feedback from the lens’ first and second interface, 
respectively, with the same coating. Unfortunately, this level of feedback can be enough to 
measurably affect sensitive laser diodes. We have done calculations on other types of 
collimation optics, including aspherical lenses with a longer focal length. For longer focal 
lengths, the radius of curvature of the lens is higher, giving a less divergent reflection, so no 
significant improvement is observed in theory or practice. Most other collimation schemes 
use a combination of cylindrical lenses where the plane side is towards the laser, which 
increases the level of feedback. The sensitivity to feedback in regime I increases with the 
distance to the external reflection, and for this reason, it is difficult to estimate how much the 
feedback from the fast axis collimator will affect the results. 

The other component that may cause problems is the Faraday isolator itself. Firstly, it 
gives rise to many extra reflections that need to be dumped, and especially the light that is 
rejected by the two polarizing beam splitters (PBS) can cause problems if dumped on surfaces 
that are not sufficiently absorbing at the relevant wavelength. Therefore, it is paramount that 
the isolator used allows these beams to exit the isolator, as the internal beam dump surfaces 
are typically not absorbing sufficiently. On top of this, the scattering from the coating inside 
the first PBS and bulk scattering in the crystal used for the Faraday rotation can be sufficient 
to have an impact on the measurements on sensitive laser diodes. For the work presented here, 
the measurements were only performed on lasers where it was ensured that the feedback from 
these components was in regime I. 

3.4 Alignment 

Common for both lens combinations is the need for aligning the feedback mirror to achieve a 
high coupling efficiency. This needs to be done not only when a new laser diode is inserted 
in the setup but also every time the feedback mirror is moved to a new position as the setups 
currently have no way to monitor whether the coupling efficiency has changed. This 
alignment can be done in two fundamental ways. 

The first option is to minimize the threshold for the laser. This is done by operating the 
laser close to threshold and measure the emitted power while applying a high amount of 
feedback. Improving the coupling efficiency will lower the threshold of the laser and lead to 
a higher emitted power. This alignment is by far the easiest method, but for the tapered laser 
diodes, it has the drawback that the alignment of the cylindrical lens depends on the 
astigmatism, which in turn depends on the emitted power. For this reason, at least one camera 
is needed to ensure the beam does not move during a subsequent realignment of the cylindrical 
lens. 

The second way to align the feedback mirror for high coupling efficiency is to monitor the 
signal from the sFPI while adjusting the feedback mirror and maximizing the feedback 
signature. Due to the large instabilities at higher levels of feedback, this alignment should be 
performed either in or close to regime I feedback. In this regime, the amplitude of the 
wavelength shift depends on the feedback power ratio, and this amplitude can, therefore, be 
maximized. This type of alignment has the advantage that it can be performed at the same 
operating parameters for the laser as will be used for the measurements, but it is time-
consuming and requires some training before it can be done in a way that yields reproducible 



results. Furthermore, it requires continuous scanning of the feedback mirror during the 
alignment to observe the phase dependence of the feedback. 

We tested both alignment procedures against each other by integrating a beam waist 
camera and found that they gave the same results with respect to the alignment of the feedback 
mirror. The threshold alignment procedure was therefore used when a camera was integrated 
into the setup since this alignment can be done significantly faster. 

4. Experimental results 
The setup was tested first at low optical powers (< 150 mW) with a DFB laser. We performed 
this initial test to compare the setup to the results in the literature. After verification, the setup 
was used to analyze the emission behavior under small external feedback of high power DBR 
tapered lasers. 

4.1 DFB laser 

The DFB laser used for characterization of both setups was produced at the Ferdinand-Braun-
Institut. It has a length of 1.5 mm, a ridge waveguide (RW) width of 3 µm, a waveguide 
thickness of 3.6 µm, and a front facet AR coating with Rf < 0.5 %. For all shown 
measurements, we applied an injection current of 200 mA to the laser and temperature 
stabilized it to a heat sink temperature of 25 °C. At these drive conditions, the laser emits at 
975 nm with a spectral width of less than 32 fm (10 MHz). 

 

Figure 2. Illustration of the measurement concept. a) A single Fabry Perot interferometer 
measurement, showing a cross-section of the false-color plot in b). Example b) frequency 
spectra, c) piezo voltage, and d) mirror displacement for the DFB laser at µAT = −45 dB 
feedback, measured with a distance to the center position of the mirror of le = 350 mm.  



A triangular voltage function was used to scan the piezo-mounted feedback mirror and 
thereby change the external cavity length le = 350 mm + Δlm. In Figure 2 (b), the frequency 
spectra measured with the scanning Fabry Perot interferometer are shown in a false-color plot 
for 180 measurement samples. The free spectral range νFSR = 1.5 GHz of the sFPI is 
highlighted in the graph, and one full cycle of the mirror movement is shown. A single 
measured spectrum is shown in Figure 2 (a), showing the false-color scale used in Figure 2 
(b). The single measured spectrum, as well as the false-color plot, are normalized by the 
maximum measured intensity of the complete measurement set. The acquisition rate of the 
frequency spectra was not constant and was not synchronized with the scan rate of the piezo. 
From the simultaneously measured piezo voltage, shown in (c), a direct correlation between 
mirror position and measured frequency spectra can be derived based on the hysteresis data 
provided by the distributor of the piezo actuator, as can be seen in (d). 

 

Figure 3. Frequency shift for one cycle of piezo mounted mirror movement for the DFB laser 
at various feedback power ratios µAT. The distance to the center position of the mirror was 
350 mm. The feedback mirror was moved 1.9 µm towards the laser and back. The inset (a) 
shows a Fabry Perot interferometer measurement from a single measurement. 

In Figure 3, the frequency shift for one cycle of mirror movement is shown in a false-color 
plot for the DFB laser at different feedback power ratios µAT. At µAT = −80 dB (Figure 3 (e)) 
the influence of the external feedback on the emission frequency is not resolvable with this 
setup, limited by its stability. With increasing feedback power ratio, the amplitude of the 
frequency shift increases. The frequency shift is nonlinear but continuous with the change of 
the length of the external feedback cavity, as can be seen in (d) at a feedback power ratio of 
µAT = −60 dB. Between µAT = −60 dB and µAT = −55 dB the frequency shift becomes 
discontinuous when the feedback mirror position is changed, as can be seen in (c). For a 
feedback power ratio of µAT = −45 dB, this discontinuity is still present, and the frequency is 



seen in (b) to exhibit hysteresis with regards to the direction in which the mirror is moved. 
The width of the frequency envelope stays the same at approximately 300 MHz. For all 
measured feedback power ratios, the emission is single frequency. 

This is all in good agreement with the theory, as can be seen in Figure 4. In this graph, the 
frequency shift is plotted as a function of the mirror position. The two different translation 
directions of the feedback mirror are indicated by the color of the measurement points. If the 
mirror is moved towards the laser, the measurement points are blue. If it is moved away from 
the laser, the measurement points are colored red. The solid black line is the calculated 
frequency shift, according to [11]. The following parameters were used for the simulation: 

τs = 34 ps 
Rs = 5 % (fitted) 
τe = 2.3 ns 

𝑅𝑅e = 10(𝜇𝜇𝐴𝐴𝐴𝐴 10⁄ ) 
α = 2 

The internal round trip time τs and the external feedback cavity round trip time τe depend 
on the length of the laser with ls = 1.5 mm and the external resonator length le = 350 mm. The 
reflectivity of the external feedback Re is based on the measured values and the linewidth 
enhancement factor of α = 2 ± 0.1, which was measured following the method in [21]. The 
effective power reflectivity of the output coupler Rs = 5 % was fitted to the measured data of 
the maximum frequency shift. The reflectivity of the output coupler depends on the front facet 
reflectivity and the reflectivity of the DFB grating. The front facet of the DFB laser has an 
AR coating with Rf < 0.5 %. In combination with the reflectivity of the DFB grating, a value 
of Rs = 5 % is realistic. 

 

Figure 4. Frequency shift vs. mirror displacement for the DFB laser at various feedback power 
ratios µAT. The distance to the center position of the mirror was 350 mm. The measurement for 
a positive and negative mirror movement direction are shown in red and blue, respectively. 
The solid line shows the simulated frequency alteration. C is Acket’s factor, defined in (4) [19]. 

 



4.2 DBR tapered laser 

The same measurements were performed with a DBR-TPL. This laser consists of three 
sections, starting at the backside with a DBR section, followed by a RW section and a tapered 
amplifier (TA) section. The DBR section is a 1 mm long, tapered 7th order DBR grating with 
a design reflectivity of 95 %. The RW section has a length of 1.5 mm and a width of 5 µm. 
The gain guided tapered section is 3.5 mm long with a full taper angle of 6° and a front facet 
coating of Rf = 0.3 %. The waveguide thickness is 4.8 µm 

For all following measurements, we applied the injection currents IRW = 490 mA and 
ITA = 4500 mA to the RW and TA sections, respectively. At these drive conditions, the laser 
emits 2 W of optical power at 1066 nm with a spectral width of less than 57 fm (15 MHz). 
The power contained in the central peak is greater than 85 %. The laser was temperature 
stabilized to a heat sink temperature of 25 °C. 

 

Figure 5. Frequency shift for one cycle of piezo mounted mirror movement for the DBR-TPL 
at various feedback power ratios µAT. The distance to the center position of the mirror was 
350 mm. The feedback mirror was moved 1.9 µm towards the laser and back. The inset (a) 
shows a Fabry Perot interferometer measurement from a single measurement. 

In Figure 5, the frequency shift for one cycle of mirror movement is shown in a false-color 
plot for several levels of feedback power ratio μAT. The feedback power ratio at which no 
influence by external feedback can be measured is μAT = -105 dB, shown in (f). If the feedback 
power ratio is increased, the frequency shift is first continuous with the mirror movement (e), 



and then becomes discontinuous at feedback levels just above the one shown in (d). The 
feedback sensitivity is orders of magnitude greater for this laser compared to the DFB laser 
because tapered lasers are designed with a much lower effective front facet reflectivity Rs due 
to the very high amplification in the tapered section. This low Rs is the result of both a low-
reflectivity coating on the front facet and the fact that the light reflected back from the front 
facet is diverging and thus not well mode-matched into the ridge section.  

The transition from a continuous to a discontinuous frequency shift in dependence of the 
mirror movement occurs at a feedback power ratio slightly higher than −80 dB. For higher 
feedback power ratios, the emission can become multi-frequency, as can be seen for 
µAT = −70 dB in Figure 5 (c) and (a). At this feedback power ratio, the laser emits at two 
frequencies. Both the frequencies and the power distribution between them depend on the 
feedback mirror position, but the spacing between both frequencies is independent of the 
mirror position. If the feedback power ratio is increased further, single-frequency emission 
can again occur, as can be seen in (b). One may speculate that diode lasers operating at high 
powers, such as the tapered lasers studied here, are subject to a wealth of different types of 
nonlinear effects including filamentation and thermal effects that, together with the complex 
behavior of the time-delayed optical feedback, can cause more types of instability than is 
included in the theoretical model used in this work. The multi-frequency operation seen in (c) 
may be such an instability. 

  

Figure 6. Frequency shift vs. mirror displacement for the DBR-TPL laser at various feedback 
power ratios µAT. The measurement for a positive and negative mirror movement direction are 
shown in red and blue, respectively. The solid line shows the simulated frequency shift. The 
distance to the mirror was 350 mm. C is Acket’s factor, defined in (4) [19]. 



In Figure 6, the center frequency of the peak with the highest intensity is plotted as a 
function of the mirror position (red and blue triangles) and compared with the simulated data 
(solid black line). The following parameters were used to calculate the simulated data: 

τs = 125 ps 
Rs = 0.0013 % (fitted) 

τe = 2.3 ns 
𝑅𝑅e = 10(𝜇𝜇AT 10⁄ ) 

α = 1.5 
The linewidth enhancement factor for the DBR tapered laser was α = 1.5 ± 0.1, measured 

following the method in [21] and is comparable to published values for similar 
material [22,23]. The time constants are based on the effective internal resonator length of 
ls = 5.5 mm and the mean external cavity length le = 350 mm. The fitted value for the output 
coupler reflectivity is Rs = 0.0013 %. This value is in the same order of magnitude as the 
calculated effective power reflectivity of the output coupler, 

𝑅𝑅s,eff = 𝑅𝑅f𝐶𝐶top-hat = 0.0009%, (2) 
consisting of the product of the power reflectivity of the front facet coating of Rf = 0.3 % 

and the correction factor Ctop-hat based on the estimate of the additional loss of re-seeding the 
RW with the diverging back-reflected top-hat beam coming from the tapered section [24]. 

𝐶𝐶top-hat ≈
𝑛𝑛𝑤𝑤RW

2

2𝜆𝜆𝐿𝐿TA
= 0.003, (3) 

where 𝑛𝑛 = 3.4 is the effective refractive index, wRW = 2.5 µm is the horizontal beam waist 
radius at 1/e2, λ = 1066 nm is the wavelength, and 𝐿𝐿TA = 3.5 mm is the length of the tapered 
section. At low feedback power ratios, the measured data is in good agreement with the 
simulated data. Even at a feedback power ratio of µAT = −70 dB, where multi-frequency 
emission occurs, the range of the frequency shift and the width of the mode jump free mirror 
movement can be approximated following [11]. At µAT = −45 dB only the slope of the 
frequency alteration versus the mirror position and the frequency spacing of the mode jumps 
are in good agreement with the theory. 

 

Figure 7. Measured regime borders I-II as a function of the external resonator length for both 
laser diodes and collimation optics. The red frame indicates the external cavity length for the 
measurements shown in Figure 2-6. The dashed lines show the calculated border between 
regimes I and II. 

In addition to the analysis of the frequency shift, we also measured the border between 



regimes I and II. In regime I, the frequency alteration is continuous with the mirror 
displacement, while in regime II, the shift becomes discontinuous, and mode jumps occur. 
The regime border is dependent on the external cavity length, as can be seen in Figure 7 in 
agreement with [11]. Included in Figure 7 are theoretical curves indicating the border between 
regime I and II. Highlighted in the red frame is the external cavity length for the measurements 
shown in Figure 2-6. Good agreement between measurements with two different collimation 
optics and the theory is evident for both laser diodes. However, a small offset is seen for the 
measurements on the DBR tapered laser. This may be the result of a slightly inferior mode-
matching of the feedback light and a higher frequency noise compared to the DFB laser. 

5. Summary 
In this paper, we presented a detailed description of a measurement setup and method to 
analyze the influence of external feedback on high-power single-frequency laser diodes. We 
used a low power DFB laser to characterize the setup and test the measurement method. The 
results are in good agreement with the theory based on the Lang-Kobayashi equations and 
with results in the literature. Furthermore, we showed that this measurement method is also 
suitable for high-power laser diodes, as shown for DBR-TPLs. At low feedback power ratios, 
the results are in good agreement with the theory. At high feedback power ratios, only certain 
parameters such as the frequency spacing of the mode jumps and the slope of the frequency 
shift in dependence of the mirror displacement are in agreement with the theory. 

The proposed experimental techniques allow a quantitative assessment and classification 
of the effects of external feedback on high power laser diodes. This may lead to better 
parameter selection and design of laser diodes. 
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