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Introduction 

Semiconductor lasers and light-emitting diodes are widely used in various branches of science and engineering. They 

offer many significant advantages over other coherent-radiation sources: compactness, low cost, simplicity of pumping and 

modulation, compatibility with fiber optics, tunable frequency, reliability and long life, and extensive possibility of 

integrating optical systems. The advent of 1.3- and 1.55-~m lasers has initiated a new stage of their use in fiber-optics 

communication lines (FOCL). Advances in optical communication have increased, in turn, the interest in integration of 

optoelectronic systems capable of transmitting receiving and processing information at high speeds. In this sense, injection 

lasers are almost ideal light sources, since they can operate in various regimes: 1) as coherent light sources; 2) as amplifiers 

(of the traveling-wave or tuned type) and detectors; 3) as optical switches and modulators; 4) as negative-bias photodetectors. 

The versatility of injection lasers is one of their principal advantages. Advances in optical communication imposes new 

requirements on the properties of the lasers and stimulates further development of the technology, and investigations of various 

schemes and operating regimes of injection lasers. 

Another most important application of semiconductor lasers is in optoelectronic sensors. Here, too, the advantages of 

semiconductor lasers have determined their possible use. Laser diodes are used in sensors for the measurement of a great 

variety of physical quantities, such as displacement and vibrations, temperature, pressure, velocity, acceleration, and electric 

and magnetic fields [1, 2]. All the sensor variants can be divided here into two types. In the first, the injection laser serves only 

as a source of light, while the sensitive element is, for example, an optic fiber (fiber-optics sensor). Progress in the development 

of this class of sensors is due both to the improvements of the sensitive element and to the development of light sources capable 

of meeting increased requirements (for example, with respect to line width or laser stability). In the second type of sensor the 

semiconductor laser acts both as a light source and as an element sensitive to the external action of various physical factors. 

These include sensors based on laser diodes with external optical feedback (OF) effected by introducing an external mirror that 

reflects the radiation back into the active medium of the laser. These sensors employ modulation of various laser properties 

due to modulation of the amplitude or phase of the FB. Introduction of optical feedback alters the spectral, noise, and threshold 

properties of the laser. Changing the threshold alters the output power as well as the voltage on the p-n junction. The 

sensitivity of the lasing regime to the amplitude and phase of the OF was investigated in detail in [3, 9]. The phase sensitivity 

was used in [10, 11] to measure microdisplacements and microvibrations of the external mirror. It was noted in [12] that it is 

possible to measure also a number of physical quantities whose variations can be converted into mechanical displacements, 

such as magnetic fields, acceleration, acoustic properties, etc. It was proposed in [13] to measure the angular velocity of a 

rotating disk by reflecting light from its dull surface back into the mirror (OF factor ~ 10-5). The returning radiation is shifted 

in frequency by the Doppler effect, amd its combination with the internal field produces beats in the diode. Measurement of 

the Doppler shift makes it possible to determine the disk speed. A displacement sensor and profilometer based on incoherent 

feedback of radiation reflected from a surface to a laser. 

We have studied the sensitivity limit of a micromotion and microvibration sensor based on semiconductor lasers, and 

have constructed several variants of such sensors. 

Translation of Preprint No. 42 of the Lebedev Physics Institute, Academy of Sciences of the USSR, Moscow, 1991. 

0270-2010/92/1301-0013512.50 �9 Plenum Publishing Corporation 13 



~% Cm 

9O 

OO 

70 

6 0  

50 

t 

1 

Fig. 1. Threshold gain g in external cavity vs. the feedback phase q~ = 4~L/)~ at various 

values of  the mirror reflection coefficient R. The remaining parameters are (2 = 20 

cm 1, l = 250 ~m, n* = 1.6, )~ = 1.3 gm, X = 0.7, R = 1 (1), 0.1 (3), r = 0.3. 

1. Estimate of Sensitivity Limit of a Sensor for Microdisplacements and Microvibrations 

The operating principle of such a sensor, as already noted, is based on the sensitivity of  laser operation in an external 

compound cavity to the position of the external reflecting surface (mirror), which is optically coupled to a laser diode. A change 

of  the external-mirror position (of the feedback) alters the threshold lasing current and hence, at a given pump current, the 

output power and the diode voltage. By measuring the increment of the output power or of the voltage one can assess the change 

of  the external-mirror position. Let us examine on the basis of  a three-mirror compound cavity, in the single-frequency 

approximation, the signal/noise ratio (SNR) and the maximum sensitivity (detection ability) of  a microdisplacement sensor in 

both registration regimes - -  in optical registration (the signal is the variation of the radiation power) and in the optoelectronic 

regime (the signal is the change of  the voltage on a diode). 

The threshold condition in an external compound cavity can be written in the form [15]: 

e(g_a)/= 1 + ~/~R'~ e - 4'riL/~' 
. ,  (1) 

V~ e -41rm I/h(~'~+XV~e-4~iL/~') 

where g is the threshold value of  the gain, (z the nonresonant-loss exponent, I the length of the laser diode, L the length of the 

external part of  the compound cavity, n* the group refractive index in the active region, ~ the radiation wavelength in vacuum, 

r the power reflection coefficient of  the end face of the diode, R the reflection coefficient of  the external mirror, X = R + (1 - 

r)lc, and 1r is the power-input coefficient of  the radiation reflected back to the active region. Equation (1) leads to an expression 

for the lasing frequency (frequencies) and for the increment Ag of the threshold gain in the external cavity (compared with the 

threshold go = (z + 1-1nl- of  the diode itself): 
1 r 

c ( x -  r) ~ .sin 
c o p -  cO='  2n*l Arctg (1 + R X ) V ~  + ( x + r ) V ~  "cos(~ (2") 

1 { (l + xR) ~v/~ .cos ~b~ + r ~/'~.cos (~b~ _ ~b) + X~v/'~ .c os ( ~  + ~b) t 
A g - g - g o = - 7 - 1 n  V ~ ' '  r + x Z . R + 2 x V ~ 7 . c o s ~  

(2") 
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Fig. 2. Signal /noise  ratio vs. external-mirror  d isplacement  AL in the optical-  

regis trat ion (1) and optoelectronic  (2) regimes.  The parameters  employed are I = 

250 Ixm, oc = 20 cm -1, ~, = 1.3 I, tm, r = 0.3, R = 1, ~ = 0.3, mkT/e = 30mV, 11 = 

0.2 mW/mA,  13 = 2 cm -1.mA -1, 8P = 0.05 I, tW, 8V = 0.5 I.tV. 

where t0p = rrp(c/n*/), p is the index of  the laser-diode modes and is an integer, co is the lasing frequency in the external  cavi ty 

r = (4)z/~,)n*/, andr  = (4rd~)L is the phase of the external feedback. 

For  low values of  the external -mirror  reflection coefficient,  R ---> 0, we obtain 

c v / ~ R  (33 
- co~ t~(1 - r )  .sinff ~ 0  

2n*l r 

l V//Z (3") 
A g ~ , - -  ~ K(I - r )  �9 cos~} 

l r 

Figure 1 shows the dependence of the threshold gain g in the external  cavi ty on the FB phase (h at various values of  

the external-mirror  ref lect ion coeff ic ient  R. 

Obviously ,  opt imal  operat ion of  the sensor requires a suitable choice of  the working point  (the init ial  posi t ion of  the 

external  mirror)  on the l inear section, where the response of  different  laser characterist ics  to a change of  the laser posi t ion 

is a maximum. We choose an ini t ial  mirror  posi t ion at which the lasing threshold in the external  cavi ty is equal to the d iode ' s  

own threshold; the corresponding working point  is on the l inear section (see Fig. 1), and the change of  the threshold gain is 

determined by Eq. (2) (the FB phase is in this case (h = r +(4rd~,)AL, where AL is the d isplacement  of  the external  mirror  from 

the init ial  posi t ion and (h0 is determined from the equation Ag = 0). 

The threshold change due to introduction of  external  optical  feedback alters the radiat ion power and the vol tage on the 

diode. Recognizing that the inject ion current  below the thr6shold is I ~ exp(eV/mkT) and exceeds above the threshold the 

saturat ion vol tage on a p-n junct ion [16], and assuming l inear relat ions between the gain and the current, g = 13I, and between. 

the radiat ion power  P and the current, P = 11(I - It) , we obtain the fol lowing expressions for the changes of  the power  and 

voltage: 

ri z~g; (4') ,~ p= - - - - ~  

rnkT A g (4") 
A V =  In(1 + ) 

e go 
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Fig. 3. Detect ing abi l i ty  AL 0 vs. the reflection coefficients of the external  mirror  (a) 

and the front face of  the diode (b) in the opt ical - recording (1) and the optoelectronic  

(2) regimes.  The values of  the employed parameters  are the same as in Fig.  2. 

where q is the different ial  effect iveness of  the watt-ampere characterist ic ,  kT is the temperature of  the laser diode,  and m is 

called the "nonqdea l i ty"  coeff ic ient  of  the current-voltage character is t ic  of  the laser, 

Equations (4) show the dependences  of the recorded signal (of the increase of power or voltage) on the displacement  

AL. In sensors for microdisplacements  and microvibrat ions,  however,  an impqrtant  property is not only the value of the signal,  

but also the signal/noise ratio (SNR) and the detection abi l i ty  (which we define as the external-mirror  displacement  AL 0 

corresponding to unity SNR). 

Of basic  interest  for sensors is the low-temperature region (to 100 kHz). Predominant  in injection lasers for this region 

are the so-cal led 1/f (f is the frequency) power  and voltage noises due to various causes. The spectral  densit ies of  these noises 

are Gp(f) = A/f  and Gv(f) = B(f). The character is t ic  values of the coefficients  A and B are A '  ~ 10  -15 W 2 [17]; B" ~ 10 -13 V 2 

[18]. Addit ion of  external  feedback,  however,  raises the noise level;  in the feedback region of  interest  for sensors (0.1-10%) 

the noise increment  does not exceed 20 dR [20]. For a laser with an external  cavi ty one can therefore use the est imates A '  - 
10 -13w2; B ' ~  10 -11 V 2. 

The errors in the measurement  of  the power and voltage are connected with the corresponding spectral densit ies of  the 

noises by the expression 
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Fig. 4. Block diagram of the experimental  setup for the investigation of the possibil i ty 

of  using the commercial  ILPN-202 laser as a microdisplacement  sensor: a) system for 

plotting the dependence of the optoelectronic signal on the laser pump current; b) 

system for plotting the signal amplitude vs. the mirror displacement.  1) Laser diode; 

2) mirror; 3) micro-object ive;  4) mechanical  chopper, 5) piezoceramic base; 6) 

micrometric  stage; 7) pulsed-voltage generator; 8) high-voltage dc source; 9) elec- 

tronic amplifer with lock-in detector; 10) oscilloscope; 11) photodiode; 12) reference- 

signal block for lock-in detector; 13) automatic x-y plotter; 14) voltage divider. 

~2 
tiP= [ I (At/t ') d r ] t / a ;  (5')  

ft 

fa 
b'V= [ S (B//f)df]  t ;=  (5") 

fl 
where fl and f2 are the lower and upper frequencies defining the signal-recording band. In a selective regime using, for 

example,  a frequency 1 kHz and a bandwidth 20 Hz the estimated errors are ~P ~ 0.05 IxW; ~V ~ 0.5 ~tV. 

The signal/noise ratio can be expressed in the form (SNR)p = AP/28P; (SNR) v = AV/25V (the reason for the factor 2 

in the denominator  is that differences of  powers or voltages are measured in two states of  the external cavity). 

The dependences of  the signal/noise ratio on the displacement AL of the external mirror in both recording regimes at 

~SP = 0.05 ~tW and ~V = 0.5 I-tV are shown in Fig. 2. The detection ability AL 0 of the sensor is 5-10 -3 nm in optical registration 

regime and 0.012 nm in the optoelectronic regime. 

The detection abilities are given by the expressions 

X 2 t i . ~  r (1 - RX) . 

A L~ ~ 21r r~ (X - r) ~/4rR - (X + r) z R ~' ' ' (6') 

;k 2 b'V" e r (1 - RX.)(ot I + In 1 /r)  ( 6 " )  

A L~ ~ 2~r mkT (X - r) x/4rR - (X + r)* R ~" 

Figures 3a and 3b show respect ively the calculated dependences of  the detection ability on the reflection coefficients 

R and r of  the external mirror  and r of  the front (facing the external mirror) face of  the diode, respectively.  Optimization calls 

bleaching of the front face. 
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Fig. 5. a) Watt-ampere and spectral characteristics of the employed laser-diode sample; b) 

dependence of the optoelectronic signal AV on the laser pump current; c, d) dependences of 

the optical signal AP (c) and of the optoelectronic signal (d) on the displacement AV of the 

mirror AL at fixed values of the pump current. 

The sensor sensitivity can be raised by using various stabilization systems that lower the noise in the system to the level 

typical of the laser in the free-running regime (without optical feedback). In real sensors, on the other hand, the above estimate 

of the detection ability can be made worse by noise from the photodiode (with a level usually lower than the noise level of the 

laser itself), from the pump and recording systems, from additional parasitic reflection from the matching optical systems, from 

additional radiation modes (the analysis above was made in the single-mode approximation), and from the "phasing properties" 

of the reflecting surface. 

In the optimal regime, therefore, a semiconductor-laser microdisplacemet sensor is expected to have a detecting ability 

at a ~ 10 -2 nm level. 

2. Microdisplacement Sensor Based on the Serially 

Manufactured ILPN-202 Laser Diode 

Practical applications require production of microdisplacement and microvibration sensors based on semiconductor 

injection lasers in a design that is most convenient in use. The commercial serially manufactured ILPN-202 laser diode can 

be used as a sensor for sub-micron displacements. Such a sensor consists of the laser proper and a probed mirror surface parallel 

and close enough to the exit window of the laser housing (it is assumed that the length of the external optical link does not 

exceed the coherence length of the radiation). A block diagram of the experimental setup is shown in Fig. 4. Radiation at a 

wavelength 1.3 I.tm from the commercial laser diode ILNP-202 (1), fed with direct current, was directed to the external flat 

mirror 2 having a reflection coefficient 70% either directly (Fig. 4a; the distance between the fiber output of the laser housing 
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Fig. 6. a) Dependence of the optical signal AP on the amplitude of the voltage applied to the 

ceramic; b, c) dependences of the normalized optical signal on the longitudinal displacement (b) 

and on the rotation angle of laser cartridge (c). 

and the mirror was 25 I, tm), or through micro-objective 3 and a mechanical chopper 4 (Fig. 4b; in this case the mirror could 

moved 10 cm away without substantial loss to the optoelectronic-signal amplitude. Mirror 2 was mounted on piezo-ceramic 

base 5 secured to micrometric stage 6. In the system of Fig. 4a, we applied a pulsed voltage of amplitude up to 50 V, which 

displaced the mirror by not less than ~,/4. In the system of Fig. 4b, the mirror was displaced by applying dc voltage (0-600 V) 

to the piezoceramic base. The electric response AV to the external optical feedback (i. e., the optoelectronic signal produced 

by the longitudinal displacement of the mirror) was enhanced by amplifier 9 and observed on oscilloscope 10. The system of 

Fig. 4 measured the optoelectronic as well as the signal picked off by photodiode 11 from the second laser-exit lightguide 

output. The electronic amplifier 9 operated in the lock-in detection regime, with the frequency of the reference signal likewise 

set by the mechanical chopper 4. The detector was the oscilloscope 10 or the x-y automatic plotter 13 whose horizontal 

coordinate received through divider 14 the voltage from the power supply of the piezoceramic base. 

The characteristics of the sample employed are shown in Fig. 5a. The threshold current was 102 mA and the lasing 

wavelength was 1320 nm. The laser watt-ampere characteristic was linear, and a single-frequency spectrum was preserved up 

to 150% threshold. Figure 5b shows the dependence of the optoelectronic signal on the pumpcurrent at the optimum tuning 

corresponding to a longitudinal displacement of the mirror by ~,/4. The signal reaches its maximum 2.5 mV at the lasing 

threshold, after which it decreases with increase of current. Figure 5c shows plots of the optoelectronic and optical signals AV 

and AP, respectively, obtained with the scheme of Fig. 4b, against the longitudinal mirror displacement AL at a fixed value of 

the current. These plots, as expected, are periodic with a period ~,/2. The linear section of the plot of AV extends to a mirror 

displacement AL = 230 nm, and the corresponding optoelectronic signal is AV = 2.3 mV (at the lasing threshold). Consequently, 
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Fig. 7. Various signal-registration schemes: a) direct sounding; b) using a fiber directional 

coupler. 1) Laser diode; 2) control photodiode; 3) lightguide channel; 4) probed surface (mirror); 

5) fiber directional couler; 6) external photodiode. 

Fig. 8. Waveforms of photoresponse to mirror vibration. The working point is located: a) on the 

linear section; b, c) in the extreme; d ,  e) on the transition sections of the sinusoid-like static char- 

acteristic. 

the sensitivity of the sensor to small displacements was AV/AL = 10 mV/ktm. Proper stabilization of the laser operating regime 

permits submicron displacements to be measured. For example, if the voltage noise permits a 10-~tV variation to be recorded, 

displacements ~ 10 -3 Ixm can be measured. 

In contrast to interferometric sensors based on gas lasers, in our present case the construction is substantially simpler, 

more compact and economical, as well as more reliable. The special requirements for this sensor to be serviceable reduce to 
the following: 1) The probed plane must be specular and perpendicular to the laser-beam axis; 2) the gap between the tip of 

the laser fiber lead and the probed plane (in the absence of a collimator) must be in the 5-50 ktm interval; 3) the pump current 
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Fig. 9. Sinusoidal  photoresponse vs. ampli tude of  the voltage on the 

ceramic and vs. the vibrat ion ampli tude;  a) direct  probing scheme, 

fiber lead length L = 1 m (1) and L = 300 m (2); b) in a system with 

fiber direct ional  coupler.  

must  be mainta ined at the threshold level,  i.e., it is advantageous to stabil ize the current and temperature of  the laser  diode 

(since the threshold is temperature-dependent) .  

Thus, the commercia l  ILPN-202 laser,  without change of  construction and even without addi t ional  optical  accessories  

can serve as a sensit ive microdisp lacement  sensor. This is of par t icular  pract icular  importance,  since development  of  

semiconductor  inject ion lasers for s imilar  sensor was frequently hindered by construction features of  ordinary commercial  

laser diodes.  

3. Microv ibra t ion  P ickup Based on a Laser  Cartr idge  

The microvibra t ion sensor used was a laser cartr idge emit t ing at 0.85 tim. The laser cartr idge contained a laser diode, 

an object ive,  and a control  photodiode to record the radiat ion from the rear face of  the diode.  The object ive  focused the laser 

radiat ion onto a mirror  secured to a p iezoceramic  base. A sinusoidal  15-kHz voltage was appl ied  to the ceramic.  The 

piezoelect r ic  conversion coeff ic ient  was 0.8 nm/V. The threshold current of  the employed GaAIAs /GaAs  laser  sample was 120 

mA, and the working-current  range was 140-160 mA (in this range, the response to mirror  vibrat ions recorded by the control 

photodiode was a maximum and almost  constant).  
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Fig. 10. Photoresponse vs. the amplitude o f  the voltage on the 

ceramic in the direct probing scheme. The working point is: 1) on the 

linear section; 2) at the extremum of the static characteristic. 

Figure 6a shows the photoresponse as a function of the amplitude of the voltage on the ceramic for the optimal (7 mm) 

distance between the mirror and the output window of of the laser cartridge. The detection ability was ~ 0.4 nm. 

An important problem in the practical application of the sensors is that of the displacement tolerances and of rotation 

away from the optimal position. A plot of the normalized optical signal vs. the longitudinal displacement of a laser cartridge 

from optimal position is shown in Fig. 6b. The displacement tolerance (i. e., the displacement at which the signal is decreased 

by one-half) is 100 Ixm. Figure 6c shows the dependence of the normalized optical signal on the cartridge rotation angle. The 

rotation tolerance is 4 ~ . 

The foregoing characteristics of a microvibration sensor based on a laser cartodge are fully acceptable for various 

practical applications. 

4. Mierov ibrat ion  Sensor  Based on the LMF-1300 

Semiconductor  Laser Module  

Semiconductor laser modules are usually developed for information transmission over fiberoptics communication 

lines [20-21]. We used an LMF-1300 single-mode 1.3-~m laser module in various microvibration sensor schemes. The module 

contained an InGaAsP/InP heterolaser, a control photodiode to record radiation from the rear face of the laser diode, and a 

single-mode fiber output lead. The surface whose displacement (vibration) was measured was a planar mirror secured to a 

piezoceramic base. A sinusoidal or dcvoltage was applied to the piezoceramic. Application of 80 V produced displaced the 

mirror by ~./4. The experiments were performed both by direct sounding (Fig. 7a) and by using a directional coupler (Fig. 7b; 

the coupler ratio is 1:1.2 and its loss is < 1 dB). The laser response to displacement of the mirror was recorded with a 

controllable photodiode in case b) and with an additional external diode in case b (Fig. 7b). The signal could be recorded also 

by measuring the voltage on the diode. The distance from the end face of the lightguide to the mirror was 10-60 I.tm. 

Note that the output end of the fiber forms together with the mirror a supplementary Fabry-Perot interferometer having 

a separate sensitivity to displacements; it is therefore possible to record displacements (vibrations) of the mirror with the aid 

of a supplementary photoreceiver using only the reflected light (Fig. 7b), without resorting to feedback. This is the more 

traditional interferometry scheme, which was found to have a higher sensitivity than the direct sounding scheme. 

In direct-sounding experiments, the pump current of the module was located in the immediate vicinity of the threshold 

(in this case the signal of the control photodiode is a maximum). In the static regime with displacements of the mirror (a dc 

voltage was applied to the ceramic) the photoresponse depended on the voltage applied to the ceramic, with a certain positive 

background, while in the dynamic regime (a sinusoidal voltage applied to the ceramic) the form of the response was determined 

by the location of the working point on thestatic characteristic. For example, with the working point on the linear section of 
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the sinusoid, the photodiode response to mirror vibrations of  small amplitude (< ~./4) duplicates the form of the voltage on 

the ceramic (Fig. 8a) whereas if the workingpoint is located at an extrumum of sinusoid-like static characteristic we get a 

response at double the mirror-vibration frequency (Figs. 8b, c). The photoresponse forms shown in Figs. 8d, e correspond to 

a transitional working point. Figure 9a shows a sinusoidal response as a function of  the amplitude of  the voltage on the ceramic 

(curve 1; by amplitude we meanhere the distance between the extremal points). The frequency of  the sinusoidal voltage on the 

ceramic was 500 Hz, the picture is qualitatively the same for other frequencies, from 100 Hz to 100 kHz. It is seen from the 

figure that it is possible to record mirror vibrations of  amplitude 4 nm (corresponding to a voltage amplitude 1 V). The figure 

shows als0 the same dependence for a fiber lead from the module 300 m long (curve 2). The picture is in principle unchanged, 

while the decrease of the signal is due to attenuation of  the light as it passes through the fiber. One can observe in this case 

vibrations 12 nm in amplitude. It is thus possible to use similar sensors in long-distance schemes, where the measurement block 

and the investigated object can be separated in space. The detecting ability of  a sensor in a scheme with a fiber directional 

coupler amounted to -- 1.5 nm (Fig. 9b). 

The response of  the laser output power to the periodic displacements it produces in the mirror have already been 

investigated earlier [5]. To interpret this effect it was assumed that the frequency of  the radiation reflected from the mirror is, 

on account of  the Doppler effect, different from that of  the laser, so that beats of the pump current and output power are 

produced. In our opinion, however, the predominant effect is just the Q-switching of  the cavity as a function of  the length of  

the external feedback. It is confirmed by the fact that the maximum photoresponse in the static regime of  the mirror 

displacement was (29 + 2) mV for an output-fiber length L = 1 m and (9 + 2) mV for L = 300 m, i.e., equal within the limits 

of error to the maximum amplitude of  the dynamic photoresponse (Fig. 9a). One more proof is that, depending on the position 

of  the working point on the sinusoidal static characteristic at low ceramic-voltage amplitude the photoresponse was either 

linear in this amplitude (the working point is on the linear section of  the sinusoid) or quadratic (working point at an extremum 

of the static characteristic), as shown in Fig. 10. 

The error in the measurement of  the vibration amplitude is determined by the sum of errors due to the recording system 

and to the sensor (laser + mirror) itself. The regular relative error of the electric recording system did not exceed 10%. 

Obviously, the relative error in the measurement of  the vibration amplitude is also the same on the linear section. As for the 

error due to the sensor itself, it is equal to the detection ability (the vibration amplitude at unity signal/noise ratio) and amounts 

to 4 nm in the direct sounding scheme and to 1.5 nm in the scheme with a fiber directional coupler. 

It is known that the sensor operation requires a thorough stabilization of the laser regime and of  the external-feedback 

length. In our case, the influence of  slow changes of  the ambient temperature become particularly strongly manifested owing 

to the presence of  fiber. A temperature drift in the range AT = +0.1 ~ produces in the fiber an optical-path drift +(aT-n.L.AT) = 

+(0.5.10 -6 deg -1 • 1.5 • 1 m x 0.1~ = +75 nm (a  T is the linear temperature-expansion coefficient). This causes the working 

point, and with it the shape of  the photoresponse, to drift in time, as was indeed observed in practice. No obstacles to the 

measurement resulted, however; the end of  the fiber was secured to the ceramic base to which the dc voltage was applied. If  

the shape of  the signal was altered by variation of the voltage on the ceramic, it was possible to return to the linear working 

point and carry out the measurement. 

The LMF-1300 single-mode laser module can thus be used as a microvibration sensor capable of  detecting vibration 

amplitudes 4 nm by direct sounding and 1.5 nm when a single-mode fiber directional coupler is used. A remote sensor (fiber 

Output lead 300 m) was produced with a 12 nm detecting ability. 

CONCLUS ION 

The above analysis of  a microvibration sensor based on a semiconductor laser has shown that in the optimal operating 

regime one can expect a detection ability of  ~ 10 -2 nm. 

It is preferable to record an optical signal (change of  radiation power) than an optoelectronic one (change diode 

voltage). 

Several sensor variants were constructed: with an ILPN-202 commercial  laser diode, with a laser cartridge, and with 

the LMF-13.00 single-mode laser module. Since teal sensors contain additional noise sources (pumping- and recording-system 

noise, fluctuations due to parasitic reflection, etc.), the sensitivity limit could not be reached. The detection ability ranges, 

depending on the scheme employed, from fraction of  a nanometer to several nanometers, but is perfectly acceptable for many 

practical applications. 
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