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Abstract: Absolute distance measurement based dicabdeedback using a single-
frequency Yb:Er glass laser is demonstrated viactimabination of heterodyne detection
and frequency sweep. The technique allows enhartbangensitivity of the laser response
to self-mixing thanks to resonant excitation clésethe relaxation oscillation frequency
peak. The experimental results on non-cooperativget are in good agreement with the
theory and the shape of the resulting signal isyaed both in the temporal and frequency
domains considering the specific dynamic of thes<IB solid-state laser. Suggestions are

provided for further improvements on the signalgessing.
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Introduction

Optical techniques for distance measurements presany advantages compared to
other methods like allowing non contact measuringcesses and being non intrusive for the
studied target. Therefore, different optical tecjueis have been developed in the past and are
nowadays widely used in the industry for controll éutomation and for scientific or military
purposes. Among the different optical sensors direavailable, the interferometric techniques
usually present a spatial resolution significathhanced compared to incoherent methods like
triangulation or time-of-flight. On the other haraah interferometer is significantly more difficult
to set up with complex mechanical alignments arncesgty to use single frequency lasers with
ultra narrow emission spectrum for long range figdiapplications. Moreover, the loss of
coherence on a non cooperative target (diffusigéesd of reflective) can only be compensated
via a spatial filtering on the detection. It ledadsvery low amplitude of the detected signals and
must be coupled to very efficient signal processiikg photon counting. To significantly
simplify the optical set-up and to filter both dpy and temporally the optical signal from a
diffusive target, one elegant way consists to use delf-mixing (or optical laser feedback)
technique. This technique is based on the very bagisitivity of class B lasers (solid-state or
semiconductor lasers) to small optical feedbackZl,This effect, being well known as a
parasitic effect for many laser physicists, coukbaecome a very useful tool to develop new
optical sensing techniques. In this scheme, ther le@vity plays simultaneously four roles: (i) a
coherent light source, (ii) an interferometer, )(ian optical mixer with simultaneously
spatial/temporal filtering functions and (iv) antiopl preamplifier. Moreover, it is naturally self-
aligned and do not need any parallax correctiogaulre the optical lenses used to collimate the

emission are reciprocally used for the reception.



Two configurations can be employed to obtain aatise measurement via an optical
feedback on a laser source:

- without frequency shift between the emission tedreception, the technique is usually
referred as laser feedback interferometry (LFI) [Bhe measurement is obtained through the
detection of any variations in continuous wave megilike on the output power, the optical
frequency or the polarization of the laser wheas gubmitted to the optical feedback.

- introducing a frequency shift between the emissamd the optical reception via an
optical modulator, the technique is usually reféres heterodyne detection. The detection is
done on the beating note and could be analyzedyusitock-in amplifier with a reference
provided by the modulator to measure the phaserdifice which is proportional to the distance.
In self-mixing, the heterodyne detection is spégialapted with class B lasers. Class B lasers
are described by a photon decay rate inside thigyogwsignificantly higher than the population
inversion decay ratg (g >> @). The main consequence is that the dynamic of fasdrs is
characterized by very strong relaxation oscillai@fter a time dependant perturbation [4]. As
soon as the beating note between the oscillatingeviside the cavity and the back-reflected
wave is close to the relaxation oscillations fregryeof the laser, the response to back reflected
light is strongly enhanced. A very small amountlight re-injected into the cavity mode
(typically few photons per optical cycle due to fieedback) becomes enough to significantly
perturb the dynamic regime of the laser and alloneasurement.

A way to compare the relative sensitivity of dint class B lasers to heterodyne optical
feedback consists to introduce a factor of mer{6K It depends both on the properties of the

amplifying medium and the geometry of the cavity aould be defined as:
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wheret; is the fluorescence lifetime of the emitting levelis the photon cavity lifetime. The

decay rategr andg which have been already defined above in the dieimof a class B laser

are simply the inverse of the related lifetimes.eTiigure of merit K reflects the relative
amplitude of the modulated signal when the beafimgluency is close to the relaxation
oscillation frequency.

Among the different class B laser sources alreadyestigated for self-mixing, semi-
conductor lasers have been mainly used becauseiofidw cost and high reliability [6-11]. For
example, De Groot et al. [12] have done absoluséadce measurements based on self-mixing
with a laser diode. The optical frequency emittgdtlie laser diode was swept using a ramp
modulation on the current injected into the laseciion. The resulting beating note between the
emission and the back reflection was directly propoal to the time-of-flight. Measuring the
beating frequency allows to measure the distanogeder, the resulting beat note was far away
from the relaxation oscillation frequency and there, the system was not very sensitive. The
main consequence of this poor sensitivity is a Jemted dynamic range. On the other hand,
compared to laser diodes, solid-state lasers aenpally more sensitive to optical feedback
because the figure of merit K is up to*1fimes higher due to the very long emitting lifetime
(typically t;=100 ps to few ms with rare earth or transitionsiorhereas the emitting lifetime is
only few ns in the direct energy gap llI-V semicantbrs) [5,13-14].

In the heterodyne scheme, the benefit from theta&tiah provided by the specific
dynamic of class B lasers can only be fully exgldiby adjusting the beating frequency to the
relaxation oscillation frequency via an externaldulator. In general, solid-state lasers present a
relatively low relaxation oscillation frequency tiseen few hundred kHz up to few MHz) which

could be indeed very easily reached. Laser diodesept relaxation oscillations up to few GHz.



Such high frequencies could be difficult to obtaia classical modulator (except with high
speed electro-optic modulator). Finally, the qyaléctor of the resonance is lower with a laser
diode compared to the resonance with a solid-tdate, as reflects the figure of merit K.

To obtain a distance measurement using opticalbiesd on a solid-state laser, two
approaches have been already investigated. Theafisoach developed by E. Lacot et al. [15-
17] is based on heterodyne detection and phasembédsurement between the beating signal
and the reference one applied to the external nataulA relative distance measurement could
be obtained using an unwrapping phase techniqueekfer, an absolute distance measurement
is not allowed with this method. The second apgdnppooposed by P. Nerin et al. [18] is directly
adapted from the distance measurement techniqueadsl described with laser diodes. The
technique reported in [18] is based on a lineareldength sweep using an electro optic LigaO
modulator implanted directly into a Nd:YAG microphiaser. However, depending on the
measured distance, the frequency beating variedeleet few kHz and few MHz and therefore
could not be kept close to relaxation oscillatitresjuency.

In the present work, the two techniques are congbineorder to obtain an absolute
distance measurement with a frequency beating wotiee to the relaxation oscillations
frequency. An external acousto-optic modulator @®a frequency shift close to the relaxation
oscillations frequency as in classical heterodyppr@ach. Simultaneously, the instantaneous
frequency emitted by the laser is linearly shifietsus time (linear sweep) by scanning the
cavity length with a piezoelectric transducer. Adid® the external shift imposed by the
modulator, this scanning creates a slight frequedetuning between the emission and the

feedback. This frequency detuning is therefore priognal to the time-of-flight between the



laser and the target. It allows a very sensitivasaoeement of the absolute distance as well as an
extended dynamic because it keeps the beatingctaste to the relaxation oscillations.

The first part of the paper details the experimeses-up used for this absolute distance
measurement. The optical properties of a diode amyp™:EF* phosphate glass laser are
reported as well as its frequency tuning capaéditiThe second part presents a theoretical study
leading to a linear relationship between the begatiate frequency and the distance. The third
part compares the experimental results obtainetjusie Y5*:EF* glass laser with the theory.
The amplitude and shape of the detected signalsusethe measured distance are also
investigated. Finally, the conclusion contains atlsgsis of the main results obtained and
suggests improvements on the signal processin@anie optical set-up that could improve the

global performances of the system.

Experimental setup

The experimental set up used for the investigationdistance measurements based on
heterodyne optical feedback is schematically dramwvifigure 1. The laser source is a diode
pumped YB":Er* dopedphosphate glasgl9]. The laser configuration consists of a simple
hemispherical cavity with a short cavity length L5 mm), longitudinally pumped at 980 nm
with a 1.5 W fibre-pigtailed laser diode (Roithneeference G098PU11500M). The gain
medium is a thin QX phosphate glass disc suppledigre (thickness e=710 pum) co-doped
with 0.8 % EF* and 20 % YB" [20]. Among the different solid-state laser matkyi
commercially available, Er-doped phosphate glasselscted for three main reasons. First, the
*1131, emitting level of EF* ions in phosphate glass is characterized by onéheflongest

fluorescence lifetimest{=8 ms) among the different rare-earth doped saéteslasers (for



examplet,;=250 ps for Nd:YAG). Selecting a long lifetime faws the sensitivity to optical
feedback by increasing the factor of merit K [28preover, the emission wavelength of erbium
doped phosphate glass laser is arourd.54 pum which corresponds exactly to an eye-safe
spectral domain. Therefore, no specific care imseof laser security has to be used when the
laser beam is sent in free atmospheric propagafimlly, such gain medium has been already
used to fabricate low cost, mass produced microtdmers which is an important issue to
consider for final potential applications [22].

The hemispherical cavity consists of anpl mirror (R=99.8 % @ 1.53 pm; T>90 % @
980 nm) directly coated on one facet of the glakdep The other facet of the disc is
antireflection coated (T>99 % @ 1.55 um). The coraautput coupler has a radius of curvature
equal to ROC=15 mm. As a selective element for Igirigngitudinal mode (SLM) laser
emission, a 150 um thick uncoated etalon is indemside the cavity, near the amplifying
medium. The output power in SLM regime is typicatiyual to B=12 mW for a pump power
equal to 500 mW. To improve the long-term stabitityhe cavity, all the optical components are
inserted without any mechanical adjustments (extmpthe longitudinal position of the output
coupler) into a monolithic home-made mounting dtrce

The output mirror is glued on a ring-melectric transducer (PiezoMechanic, model
HPST 150/14-10/12 VS22) to sweep the laser out@guiency by scanning the cavity length.
For a linear dependence of the frequency sweepuyeime, the PZT is polarized using a
triangular signal delivered by a low frequency gater (Hameg, model HM8030 5). The
frequency modulation,f applied to the PZT should be kept below 200 Horder to avoid
unstable behaviour of the output power emittedhigyldser. Such intensity noise fluctuations are

probably due to loss cavity modulations when thguwaiucoupler is scanning too quickly. A



Fabry-Pérot (FP) spectrum analyser (Burleigh, m&{&{46 with a free spectral range equal to 2
GHz) is used to calibrate the frequency sweep getfsel applied voltage ramp. The modulation
depth of the optical frequency is measured equal.4oGHz/V for a 7.5 mm long laser cavity.
Moreover, the FP spectrum analyser is also usetiéok that no longitudinal mode hop appears
along the frequency sweep. To avoid any mode hapfrequency sweep amplitude is voluntary
limited to a typical range ddn,,=10-12 GHz, corresponding to a peak-to-peak voltage ramp o
7t085V.

The output beam is carefully collimatead asent through an acousto-optic Bragg cell
(Isomet, model 1205C-843) for amplitude modulatidime amplitude of the acoustic wave
supplied by the Bragg cell driver can be externatiwen using a sinusoidal signal from a

function synthesizer (Hewlett Packard, model HP4295 For a sinusoidal modulation with a
frequencyn,y,,, the amplitude modulation creates on the zerordwle symmetrical side-bands
on both sides of the optical carrier. Therefore, HOM creates two frequencies respectively at
Niaset)£Nyoy, Slightly shifted from the optical carrier frequsn niase(t) which is the
instantaneous optical frequency emitted by therldsefore the modulator. The external

modulation frequency,,, is adjusted close to the relaxation oscillatiomfrency of the laser

(typically n,,,~150-300 kHz) to enhance the sensitivity to optibe¢dback (see part 3,

experimental results).

The frequency difference between therirgkoscillating wave and the heterodyne optical
feedback creates a beating note inside the lasaty aahich modifies the laser dynamic. To
detect the resulting time dependant perturbati&n%lof the output light is extracted using an
optical beam splitter and detected thanks to araikeGphotodiode (PDA400, Thorlabs). The

detected signal is sent either on a digital ossildpe (Tektronix, model 2012) for temporal



analysis and/or on a radiofrequency (RF) spectraalyaer (Hewlett Packard, HP 8591) for

analysis in the frequency domain.
To demodulate near the frequengy,, the electric signal from the detector can also be

connected to a high frequency lock-in amplifierifPeton Applied Research, model 5202). The
time response of the lock-in amplifier is adjusbedow 100 ms during all the measurements. In
this case, the reference signal for the lock-in l#mapis supplied by the signal driving the Bragg
cell. After demodulation, the output signal is @werized by amplitude modulation at a low
frequency due to the sweep imposed to the lasessemni frequency. Selecting properly the time
response of the lock-in amplifier, it is possilkbekeep this low relative frequency beating on the
output signal while improving the signal-to-noissio. The frequency of the filtered signal
depends on the voltage sweep applied to the PAVedisas on the time-of-flight between the
emission and the optical feedback. Therefore, measuhe frequency of this demodulated

signal gives rise to the distance between lasetaget.

Theory

One of the classical techniques for absolute dtgtaneasurements with a coherent wave
(either in the acoustic, radio frequency or optidaimains) consists to sweep the emission
frequency of a coherent source linearly versus.titreppears a difference between the emission
frequency and its echo back-reflected on the tafiges difference is linearly proportional to the

time-of-flightt which can be expressed as:

t=— 2



where D is the distance separating the laser anthtiget and c is the propagation wave celerity.
Measuring the frequency difference through a bgdtetween the emission and the echo allows
determining the distance D.

Figure 2a illustrates this principle ot optical emission frequenayse(t) modulated as a
triangular function versus time. When using a semaictor laser, the optical sweeping can be
easily obtained by doing a ramp on the injectederurinto the laser junction [7]. In our optical
set-up, the optical sweeping is possible thankbkedriangular signal applied on the PZT.

The beating frequendyn,ea: depends simultaneously on the excursion of ther lase
frequencyDnyy, on the sweeping period T and on the distanceypicélly, the scan on the PZT
is limited to a low frequency regime avoid strong instabilities in the laser emissibnthis
case, the resulting beating frequemnye,is less than few kHz for distance D of about 1misTh
beating frequency is too small to benefit from thaltation that allows the laser relaxation
oscillations.

To take advantage of the specific dynaofiour class B solid-state laser, the beating
frequency can be easily shifted near the lasexaétan oscillations by adding an external
modulation. For example, in our set-up (figureth shift is created by the AOM.

For lack of simplicity in the theoretical presemat let us first assume that the external
modulator only creates a single lateral band wittequency shift f,.,, as shown on the figure

2b. The frequency of the back-reflected light vad different from the emitted one due to two
combined effects:
-First shift imposed by the external modulator;

-Second shift due to the frequency sweep imposedttly on the laser emission.
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On the figure 2b, the first effect copesds to the frequency shift along the verticasaxi

whereas the second effect corresponds to the despkent along the horizontal axis.

The instantaneous frequentyinectedt) Of the back reflected wave just before regtign inside

the laser cavity mode (that is to say near thewswtpupler) can be written as:

nreinjected(t) = pom +Haserlt - 1) ()
wheren,.,, describes the first effect and the time dela@pntains the second effect. The absolute
beating frequency is given by:

Mpeat = ‘nlaser(t) - nreinjected(t)‘ (4)
Following the temporal diagram of figure 2b, it betes straightforward to express bothe(t)
andneinjectedt):

nlaser(t) =1y t 21:m ’ Dnopt ot

reinjected(t) =y t me ’ Dnopt ’ (t - [) +/7AOM

()

n

wheren, is the laser frequency at t=Q, is the modulation frequency of the triangular sign

applied on the PZT (£1/T) and Dy is the modulation depth on the laser emission faqy.
The beat note frequency becomes simply:

Myeat =Mpom £ 2F5" Drgy ™ ¢ (6)
To clearly separate the effect due to the AOM fitbe one due to the frequency sweep applied
on the laser emission, one can introduce a relétating note frequend@n,ea:(and represented
on figure 2b):

Npear =1 pom + DTpeq; (7)

By replacing the expression bfyiven in formula (2), the relative beating freqogDn,ea:Can be

directly expressed versus the distance D:
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4f .~ D
m nopt D (8)

Dn beat — C

Therefore, measuriin, ., permits to determine the absolute distance D betvlee laser

and the target whereas the external frequency shiff due to the AOM ensures to obtain a

beating frequency in the laser dynamic close tad¢haxation oscillation frequency.

In practise, the amplitude sinusoidal modulatiopligpl on the AOM creates two symmetric
lateral bands anpse(t) + n,,,. However, similar results are obtained except fromo

symmetrical beating frequencies are obtained oh sidies of the external shift:
nbeat =nAOM e Dnbeat (9)

The relation between the relative beating frequebny,, and the distance D remains the one

expressed by formula (8).

Experimental results

The RF power spectrum of our frequency shiftethjected laser is shown in figure 3.
The peak which appears close tg,d=200 kHz is characteristic to the intrinsic noideoar
single frequency solid-state laser and can be wedewithout any optical feedback. It
corresponds to the relaxation oscillation peakigttequency can be related to the fluorescence
lifetime t1, the photon cavity lifetimé. and the ratio between the current pump power aed th

pump power at threshold. Its value is typically ismto those already reported in the literature
for Yb:Er glass laser [23]. On the other hand,pgbek at a frequenay,,,=240 kHz is due to the

optical feedback on a diffusive target consistimgmn unpolished steel plate. It vanishes when the

target is removed from the optical path of the autpeam. Moreover, the frequency of the

12



beating peak corresponds exactly to the frequemgy, and can be precisely adjusted by

controlling the frequency of the signal appliedtbe AOM. Even for a weakly cooperative
target, its amplitude is at least 30 dB higher tth@nnatural intensity noise of the laserorder
to check the sensitivity of our laser to the seiking effect, a series of neutral density filterasv

inserted between the output coupler and the AOMemAtation up to —80 dB between the
emission and the back reflected light beam was dduifore the beating note neay,,,

completely vanished. When the RF spectrum is sghangund this beating peak, the spectrum
represented in figure 4 is obtained. Without trislag voltage applied to the PZT, that is to say
without a frequency sweep applied to the laser €ions the beating peak corresponds to the
classical heterodyne optical feedback techniquguié@ 4, dash curve). The phase of this self-
mixing signal corresponds to the phase of the jexiad optical signal. As already demonstrated

by E. Lacot et al. [15], it can be processed taaimba relative distance measurement modulo

By adding to the external shift a linear sweep loa laser emission frequency via a
triangular modulation of the voltage applied to AT supporting the output coupler, the

beating peak splits into two symmetrical peaksslaswn in figure 4 (solid line curve). The
frequency gap between the reference peak and orteesk two peak®n,, contains the

information about the absolute distance D betwéenlaser and the target. Moreover the spike
like structure on the solid line curve of figurecdrresponds to a regular peak structure with a
periodicity equal to § and can be attributed to the periodic modulatiopliag to the output

coupler.
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When the target is progressively moved altmg optical path of the laser beam, the RF
spectrum evolves as shown on figure 5a. The diftezarves reported in figure 5a were obtained

for three different values of D using the followiegperimental parameters;=100 Hz,Dn,,

=1.62 GHz anah,.,,=240 kHz. Figure 5a clearly shows that the relabieating frequencin,,,

increases proportionally to the distance D, as ipred in formula (8). Moreover, when the
distance D increases significantly, the amplitudehe two beating signals tends to become
weaker, as expected because less photon are cgethjeack into the laser cavity. The two peaks
observed in figure 5a appear to be characterizedrbyamplitude dissymmetry, with higher
amplitude for the peak corresponding to the shoffresjuency. This tendency illustrates the
exaltation effect provided by the specific dynamfca solid-state laser. As soon as the beating
frequency due to the optical feedback becomes rctosthe relaxation oscillation frequency, its
amplitude significantly increases.

For a better characterization of the relative lepfrequency, the detected signal has
been further analyzed using a lock-in amplifiegufe 5b illustrates the temporal evolution of
the output signal from the lock-in detection whatts as an efficient selective frequency filter

locked on the reference signal,,,. The recorded signal has been obtained usingolteing

experimental parameterg~100 Hz,Dn, =1.65 GHz ana,,,=240 kHz.

As already mentioned, the amplitude heff beating frequency a,.,, + Dn,.,, strongly
depends on the external frequency shjff,, which is an adjustable parameter controlling the

AOM driver. To fully benefit from the exaltationfett provided by the specific dynamic of a

class B solid-state laser, it can be very usefuhdpust the AOM frequencwy,,,, close to the

laser relaxation-oscillation frequency of the lasehis point is illustrated in figure 6 which
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represents the evolution of the relative amplitwdethe signal (compared to the intrinsic
intensity noise) versus the modulation frequengy,,. It clearly appears that the amplitude
presents a maximum near the laser relaxation-asoifl frequency. It means that the laser source
acts as a selective pass-band filter centred oretagation oscillation frequency.

To improve significantly the efficiency of the heidyne detection, it becomes
interesting to adjust precisely the frequency shdar the resonant frequency of this filter, so
near the relaxation-oscillation frequencyydF=200 kHz). Moreover, it also illustrates the

advantage of using heterodyne detectiop, (~200 kHz) instead of a classical homodyne
approach like with LFI. To further illustrate theafsibility of an absolute distance measurement
using this technique, the beating frequebty,, has been measured for a series of distances D

using the spectrum analyser. The measurementsepogted in figure 7 and have been done

using similar experimental parameters than thosady reported above, #100 Hz,Dn,,=1.65

GHz andn,.,,=240 kHz). For each distance D, the relative bgafirequencyDn,, has been

measured and the corresponding distance calculitaks to formula (8). The measured

distance D has been compared to a reference obttiaeks to an industrial telemeter (Leica,

model DISTAM prc*). Figure 7 shows a good agreement between thendiss measured using
the optical feedback technique compared to thereeé® one. Moreover, compared to the
measurement reported in the literature based anabpeedback with laser diodes, a significant
improvement has been obtained on the dynamic otlistance measurement with a maximum
distance measurement up to 10 m. This could belynaitributed to a better sensitivity of solid-
state laser compared to semiconductor laser whenfabdback is close to the relaxation

oscillation frequency.
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In order to estimate the measurementgicet; the output signal of the lock-in amplifiar i
sent into a frequency counter (HP 53131A). Theuesgy counter is externally triggered with
the signal applied on the PZT. A time gate equal te is selected to average the measured
frequency. It results a precision estimated eqoat + 2.5 mm for a distance of 1 m. This
limited precision obtained nowadays is mainly htited to the fact than only few periods of
modulation appear on each ramp applied to the FR&refore, better signal processing — in fact
very similar to those applied in laser Doppler waiteetry (LDV) in which only few modulation
are observed for each diffusive particles - coudd useful to determine more precisely the
frequency contained in such ramp. This could leadatsub millimetre precision. However
significant improvement is expected thanks to &ebedignal processing as well as restriction on

the laser instabilities.

Conclusion

To summarise, an original approach to the probt@ndistance measurement using
optical feedback on a single frequency solid-staser has been investigated. It combines
heterodyne detection based on an external frequehiftyand a direct frequency sweep of the
laser allowing an absolute distance measuremerd. hBterodyne detection uses a frequency
shift obtained thanks to an external acousto-aptidulator and allows enhancing the sensitivity
because of the specific dynamical response ofdbkerl This enhancement is due to the higher
sensitivity of a class B laser to optical feedbadien the resulting beating note is located near
the relaxation oscillation frequency. To demonstithie principle, a single frequency solid-state
laser using QX YB":Er** phosphate glass laser has been used. The chdibis specific solid-
state laser material is mainly based on argumeotsearning its higher potential sensitivity

compared to semiconductor laser or other solicedi@ter like Nd-based ones. Moreover, its
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emission wavelength is centred into the eye-safctsgl domain and it is technologically
possible to obtain single frequency microchip lasesing this gain medium. After a brief
theoretical description of the beating frequencguting from the combination of an external
frequency shift and a frequency sweep directly i@dpio the laser, experimental results obtained
have been systematically compared to the theoldtcamulae and a good agreement between
theory and experiments has been obtained. Thisniggod allows absolute distance
measurements on an extended range because ofiiaecement provided via the heterodyning.
Further developments could also be investigatedemmng this technique. First of all,
the signal processing currently used to measuradiaive beating frequency can be clearly
improved by adjusting simultaneously the voltagepaand its offset applied to the PZT. This
adjustment must be done automatically via a combiab to obtain no phase hop at the transient
times between rise and decrease on the trianguoléage. In this case, the peak on the RF
spectrum corresponding to the beating note shoaldasrowed and the distance measurement
precision should become significantly improved.dfy fine adjustments on the linearity of the

frequency ramp applied to the laser frequency shbelfurther controlled.
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Figures captions

Figure 1:Experimental set up : DO, digital oscilloscope;, $% spectrum analyser; LA, Lock-
in-Amplifier; AOM, acousto-optic modulator; FLD, Isér Laser Diode; G, Yb:Er glass; E,
etalon; OC, output coupler; L,jl-Lo, lenses ; BS, beam splitter ; PZT, piezoelectaogducer ,

PD, InGaAs photodiode ; T, target.

Figure 2:Theoretical evolution of the optical frequency stes time: a) homodyne detection
b) heterodyne detectiod: laser frequency before the AOB - 3% frequency after the AOM; -

--- reinjected into the laser by target.

Figure 3:RF spectrum of the detected signal in heterodyteation without frequency sweep

Naom= 240 kHz.

Figure 4:RF spectrum of the detected signal in heterodwteation: - - - - without frequency
sweep¥s with frequency sweep for D=35 cn,:=1.79 GHz and,f=100 Hz. The bandwidth

and the sweep time of spectrum analyser are regelgoequal to 3 kHz and 1 s.

Figure 5: (a) Evolution of the RF spectrum versus the distaD; (b) Temporal signal for a

target located at D=38.5 cm.

Figure 6: Evolution of the signal amplitude versus the matlah frequency applied to the

AOM.
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Figure 7 Comparison between the distance D deduced frenoftical feedback measurement

and a reference provided by an industrial telemeter
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