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Laser sources have evolved towards lower cost and higher power, and the risk of imaging system disturbance due to laser dazzling effects can no more be ignored. In this paper we first present an experimental bench which has been developed specifically to perform dazzling experiments on infrared focal plane arrays. With this breadboard, dazzling experiments have been conducted on various types of focal plane arrays. We will focus on results obtained on a standard microbolometer array. The main parameters affecting dazzling phenomena were varied and conclusions on the dazzling phenomena are proposed. Since the major impact of laser pulses on microbolometer focal plane is due to heating, a first and simple phenomenological model of laser dazzling of these uncooled detectors is presented. Moreover thanks to the high level of performance of this breadboard, a new method is described for the direct measurement of the thermal time constant of the microbolometer array. M x ² = 1.2 M y ² = 1.2

INTRODUCTION

Nowadays, imaging systems are everywhere. More and more consumer electronics products are equipped with low-cost visible cameras for video grabbing purpose. Many civilian and military applications like video monitoring, target detection or identification rely on the use of high-resolution visible to near-infrared cameras. Even thermal sensors (infrared cameras) that used to be very expensive devices, are becoming more and more common with the development of uncooled focal plane arrays. Similarly, laser sources have evolved towards lower cost and higher power, and the risk of imaging system disturbance due to laser dazzling effects can no more be ignored.

Very few studies of focal-plane-array sensitivity to laser blooming can be found in the open literature, most of these papers offering qualitative results rather than quantitative ones [START_REF] Durécu | Laser-dazzling effects on TV-cameras: analysis of dazzling effects and experimental parameters weight assessment[END_REF], [START_REF] Durécu | Quantitative assessment of laser-dazzling effects on a CCD-camera through pattern-recognitionalgorithms performance measurements[END_REF]. A more comprehensive understanding of the physical phenomena leading to the dazzling effects is a necessary step on the way to quantify them more accurately and design more resilient sensors.

In this paper we first present an experimental bench which has been developed specifically to perform dazzling experiments on infrared focal plane arrays [START_REF] Durécu | Infrared laser irradiation breadboard: dazzling sensitivity analysis of a HgCdTe focal plane array[END_REF]. This dedicated bench delivers an intense laser spot on the focal plane with accurate control of spot diameter, power, location and pulse time sequence. The main elements of the experimental bench are described i.e. the laser sources, the optical focusing set-up, the power control device and the opto-electronic synchronization subsystem. So as to keep wavelength and beam direction within the sensor bandwidth and field-of-view, we chose between two lines of the bench, each equipped with a different laser: a 4-µm emitting OPO source or a 10-µm CO2 laser.

With this breadboard, dazzling experiments have been conducted on various types of focal plane. We will focus on results obtained on a standard microbolometer array. The main parameters affecting dazzling phenomena were varied: laser pulse energy level, delay and sensor's integration time, pulse sequence length, laser spot size and position. And conclusions on the dazzling phenomena are proposed. Since the major impact of laser pulses on microbolometer focal plane is due to heating, a first and simple phenomenological model of laser dazzling of these uncooled detectors is presented.

Moreover thanks to the high level of accuracy of the opto-electronic synchronisation, a new method is described for the direct measurement of the thermal time constant of the microbolometer array.

OVERVIEW OF THE OPTICAL BREADBOARD

This laser test-bed was designed as an experimental tool to carry out dazzling experiments on infrared focal-plane-arrays with accurate control of each parameter of the laser beam deposited on the sensor under test. Whatever the wavelength range of operation considered, the illumination source is a laser emitting within the spectral band of sensitivity of the sensor.

For the sake of versatility, we designed the testbed to support any type of focal-plane-arrays, whether cooled or uncooled. Thus, we chose the optical axis to be vertical with the field-of-view oriented downwards, as required for the study of liquid nitrogen cooled sensors. Moreover, to be able to investigate both focal-plane-arrays operating in the 3-5 µm band and in the 8-12 µm band, we installed two different lasers on the optical breadboard with separate optical paths for each spectral band. We designed two distinct optical subsystems, as it was easier to supply and we expected better performances from separate rather than spectrally hybrid optical components.

A pulsed 10.6-µm CO 2 laser is used to test longwave infrared (LWIR) focal-plane-arrays operating in the 8-12 µm band. Dazzling of mid-wave infrared (MWIR) focal-plane-arrays in the 3-5 µm band is achieved with a pulsed Optical Parametric Oscillator (OPO) tunable between 3.8 and 4.5 µm wavelength.

Accurate measurement of the response of an infrared focal-plane-array exposed to intense laser light requires perfect control of the laser exposure in terms of level of energy, size and location of the laser beam on the focal plane, time characteristics and synchronization of laser pulses with regard to the image acquisition sequence of the sensor.

For both optical paths, the time sequence of laser pulses is fully driven by the electronic command applied on an Acousto-Optic Modulator. The LWIR-band continuous-wave CO 2 laser is pulsed using a germanium Acousto-Optic Modulator (AOM). As for the MWIR measurement path, a 10-kHz-pulse repetition frequency (PRF) Nd:YAG laser is used to pump the OPO. A TeO 2 Acousto-Optic Modulator (AOM) enables to extract and pump the OPO with any subsequence needed from the regular 10 kHz-PRF stream of pulses emitted by the Nd:YAG laser. Then, the OPO pulse sequence follows the Nd:YAG emission, one pulse being emitted by the OPO concurrently with each pump pulse from the Nd:YAG laser sub-sequence. In both cases, an electronic driving command enables full synchronization of the time sequence of pulses with the sensor under test.

The level of energy deposited on the focal-planearrays should ideally cover the whole linear and nonlinear response of the sensors: from the linear response regime through the saturation to the destruction of pixels, i.e. roughly from 0.1 pJ to 20 µJ. Fine analysis and characterization of dazzling effects require very accurate control of this deposited energy. Therefore, a power measurement device is systematically used during the dazzling experiments.

Laser beam size on the focal-plane-array has to be varied from several tens of pixels down to one single pixel. Position of the illuminated pixels has to be defined and controlled accurately. The breadboard design relies on fixed focusing optics and beam-size variation is achieved by moving the focal-plane-array along the optical axis around the laser beam focus. Illuminated pixel location is defined similarly through focal-plane-array transverse displacement. Finally, the MWIR OPO beam can be focused on a 30-µm wide pixel and the LWIR CO 2 laser beam can illuminate 35-µm wide pixels. All beam focusing optics have to be as optical aberration and beam quality degradation free as possible.

A reference homogeneous infrared background is generated on the sensor using collimated radiation from a black-body. This reference background alleviates the impact of thermal fluctuations on the measurements and provides a common basis for comparison between dazzled and undazzled images. A polarization beam-splitter overlaps the laser beam with the radiation from this reference black body, the laser beam being reflected by and the black-body radiation transmitted through this beam-splitter.

DESCRIPTION OF THE LWIR OPTICAL BREADBOARD SUBSYSTEMS

Description of the laser source

The LWIR dazzling source is a continuous-wave CO 2 laser, which delivers a power of 5.5 W at 10.6 µm with a very good beam quality. This continuous-wave emission is then chopped and pulsed by a Ge AOM. The M² of the beam has been measured through a z-scan of the laser beam diameter at 1/e². The measurement results, for a beam focused with a +100 mm focal length lens, are shown in Fig. 1. The beam has a quasi circular shape and the variations of its 1/e² beam diameter with the propagation distance are close to those of a Gaussian TEM 00 beam with a quality factor M² of 1.2. 

Description of the synchronization subsystem

For both wavelength bands (MWIR and LWIR), synchronization of the laser pulses is controlled thanks to an AOM.

In the case of the LWIR CO 2 laser, the laser emission is continuous-wave, the optical pulse sequence mimics exactly the time sequence signal driving the AOM in terms of PRF and pulse duration. The electronic driving command is a sequence of temporal gates. All parameters of this sequence of pulses can be controlled: the repetition rate of the pulses, the number of pulses in the sequence and the time delay preceding the first pulse in the sequence. The electronic board synchronizes this PRF with the video frame stream of the sensor under test. Thus, it is possible to obtain a pulse sequence perfectly synchronized with image acquisition time events.

Control of the time sequence is thus simpler than for the pulsed OPO. The duration and PRF of the electronic driving command defining the CO 2 laser pulse PRF and duration. Consequently, in the case of LWIR sensors, the laser pulse duration can be varied if necessary.

In order to be able to observe after-exposure and cumulative effects, a few unexposed frames are acquired just before and just after the laser emission. For this purpose, the computer driving the experiment records the stream of frames and counts them, triggering the start of the laser emission after acquiring a few unexposed frames.

Frame acquisition goes on after the laser emission is turned off so that a few unexposed frames are acquired following the stream of laser exposed images.

Description of the energy-control subsystem

Accurate control of the laser energy deposited on the focal-plane-array from linear response to highly nonlinear response of the sensor is a real challenge. The attenuation factor must vary over a wide range of values, from 0 to 9.9 in terms of optical density (OD) with a very low sampling step of 0.1 OD. The final setup comprises 5 sets of neutral optical densities in series with proper choice of optical density values and setup configuration (see Fig. 2). With this attenuation set, the peak power of the LWIR CO 2 laser can be varied from 700 pW to 5.5 W. This energy-control subsystem is designed so that switching from one neutral density to another does not induce any tilt or transverse displacement of the beam nor distortion of its spatial profile. Therefore, 1-cm side square optical densities are optically plated on a common rectangular plane ZnSe substrate, including an AR coated square of the same material to be used as zero OD.

Consequently, for each neutral density set, transverse translation from one square OD to another does not change the refraction geometry nor the transmitting optical material thickness and thus preserves the laser beam alignment.

The neutral densities are based on reflective losses rather then absorption losses, limiting the risk of laser induced beam distortions due to thermal lensing. Reflective losses are induced by metallic coatings deposited on the ZnSe substrate. However, reflective losses result in parasitic reflected beams that have to be filtered as they propagate along the main beam. To get rid of these parasitic reflections, the laser beam has oblique incidence on the densities (see Fig. 2) and beam dumps and apertures are conveniently placed.

All the optical density module displacements are motorized using translation stages with piezoelectric actuators provided by Trioptics (6-cm travel length, 0.4-µm resolution and 1-mm/s velocity).

The LWIR CO 2 laser delivers cw power of 5.5 W which is excessively high and will induce strong thermal lensing in or even damage the optical densities. This cw power is decreased through a preliminary attenuator made of four uncoated germanium plates in series for a total 97.5 % Fresnel loss attenuation. This unit is specific to the cw operation of the CO 2 laser. It is not used when the CO 2 laser is pulsed using the Ge AOM, as pulsing the laser attenuates the power sufficiently to avoid thermal lensing in the optical densities.

Fine control of the laser energy per pulse also requires a systematic monitoring of this energy. An uncoated ZnSe beam-splitter placed before the neutral densities reflects a small fraction of the beam power which is measured using a very sensitive calorimeter (Gentec XLP12-1S-H2). All optical components have been calibrated in terms of energy transmitted or reflected at the laser wavelengths i.e. the exact fraction of power reflected by the uncoated ZnSe beam-splitter as well as the exact values of the optical densities and the energy of the incident laser beam on the focal-plane-array have been measured. All these power measurements and calibrations yield accurate knowledge of the level of pulse energy deposited on the focal-plane-arrays.

Description of the beam-focusing subsystem

Beam focusing subsystems have been designed using the physical optics analysis tool of Zemax EE modeling software. This tool can calculate real effects of optical aberrations as well as diffractive effects on laser beams. The laser beam is defined in the numerical model assuming that the initial beam profile is a linear combination of TEM mn Gaussian beams. The linear combination reproduces as closely as possible the measured beam characteristics (divergence, diameter, size of waist and M² after a lens) of the real laser beams.

Focusing on a single pixel of an infrared focalplane-array requires maximum focusing power i.e. smallest beam diameter at focus. With Gaussian beams, focused beam diameter can be decreased either by decreasing the focal length of the focusing lens or enlarging the beam diameter on this focusing lens. Thus, the last optical component of the focusing subsystem should be a focusing lens with minimal focal length, which, due to the size of the cryogenically cooled sensors and intermediate optics, is 200 mm. Then, the beam diameter on this last lens has to be enlarged without inducing detrimental optical aberrations. Therefore, the beam diameter has to be broadened slowly, through a series of multiple beam-magnifying steps. Another constraint when designing these subsystems is the exclusive use of standard ZnSe lenses (i.e. commercially available lenses only, no custom aspheric lens for instance) thus limiting lens diameters under 3". In the case of the LWIR CO 2 laser, the optimum focusing subsystem design is presented in Fig. 3. It comprises 7 meniscuses: two lenses to collimate the beam followed by 2 afocal telescopes (2 magnifying steps) and one final 200-mm focusing lens. Zemax modeling results led to an expected diameter and M² factor for the focused CO 2 laser beam of 65 µm and 1.25 respectively. Once again, experimental tests demonstrated a very good agreement between Zemax modeling results and measured beam diameters for this 7-lens subsystem (i.e. less than 10 % relative discrepancy).

Laser spot diameter and position control and monitoring subsystem

The laser spot diameter and position on the focalplane-array (FPA) is controlled by moving the sensor in front of the laser beam and away from the beam focus along the beam propagation vertical axis.

The transverse location of the beam on the focalplane-array is controlled through two motorized translation stages with 5-cm travel length. On account of the load to carry (a sensor with cryogenic-cooling machine and mechanical mount can weight 2-3 kg), the vertical translation stage is massive with a longer travel of 15 cm. All these translation stages have positioning accuracies in the order of the micrometer. With those high performance mechanical parts, we obtain a very stable and accurate positioning without any rollback or hysteresis observed.

To confirm and validate the Zemax modelling results for the laser beam diameter variations around the laser beam focus, a measurement subsystem is installed to monitor the laser beam diameter on the focal-plane-array and the variations of this diameter when moving the FPA away from the beam focus along the propagation axis.

The infrared sensor under test itself, due to its small pixel size (around 30 µm), can only measure beam diameters exceeding 300 µm. Another measurement device available is a Spiricon pyroelectric camera (Pyrocam III) with its own pixel and FPA sizes limiting measurement to beam diameters between 1 and 6 mm. Thus, accurate measurement of the smallest beam diameters requires optical magnification of the beam (x14 magnification for the LWIR CO 2 beam). To measure intermediate values of the beam diameter, a weaker magnification factor is needed (x8 magnification for the LWIR CO 2 beam).Those magnification optics were designed through Zemax numerical modelling.

Using the measurements performed with the sensor under test for the largest beam diameter far from the beam focus, and the measurements performed using each magnification device for the smallest beam diameters closer to and at the beam focus, we are able to monitor the beam diameter variations with respect to the distance to the beam focus along the propagation axis. The three beam-diameter-variation curves are joined end-to-end to obtain a complete "composite" zscan of the focused-beam diameter variations with the distance to the beam focus. Measurement results are shown in Fig. 4 for the LWIR CO 2 beam.

Figure 4 -Complete "composite" z-scan of the beam-diameter variations for the focused LWIR CO 2 laser beam. In insert, photograph of the measured magnified laser beam profile in the focal plane.

Finally, Gaussian fits of these "composite" curves give the estimate of the waist and M² of the focused beams.

Breadboard driving system

Most of the devices and sub-systems on this breadboard are automated and computer-driven. A software has been developed to control and adjust the dazzling parameters and to enforce a systematic procedure during the experiments. This procedure comprises multiple steps of experimental parameters setting, checking and failsafe so that the recorded experimental data files contain both the dazzled images and all of the dazzling parameter values necessary for further interpretation of the experimental results. Failsafe are needed as the laser beam may damage some of the focal-plane-arrays under test if not handled cautiously. Bolometers detectors are connected to a silicon CMOS readout integrated circuit (ROIC) by the mean of micro-bridges. The ROIC enables to extract a low signal from an important background current. Microbolometers have a thermally dependent resistance so that their response corresponds to a current variation when they are pulsed-voltage biased. The pixel level is coded on 14 bits, with a 0 to 10 500 dynamic range.

DAZZLING EXPERIMENTS CONDUCTED ON A MICROBOLOMETER ARRAY

The ROIC operates in ripple mode, i.e. the signal of all the pixels is not acquired at the same moment. Signal is successively integrated line by line. This operating mode is well adapted to scene observation. But in the case of our study, it implies some adjustments of our breadboard, particularly of the synchronization subsystem. Indeed illuminating the last line of the array during its integration time requires a long delay between the beginning of the image in the frame stream and the first laser pulse, about 20 ms. Our synchronization system has a time granularity which corresponds to the period of the laser emission. In the case of these dazzling experiments, we chose to fix the laser PRF to 50 kHz and the pulse duration to 5 µs. Consequently the maximum available pulse energy on the focal plane is 9 µJ.

Dazzling sensitivity analysis with a pulsed laser source

Microbolometer detectors measure the heating of each pixel. In usual cases, they observe scenes with continuous emission source so that thermal equilibrium is reached for each pixel and each image. However when confronted with pulsed laser sources, thermal equilibrium is no more achieved and the heating of pixels highly depends on temporal characteristics of the illumination. Not only the pulse duration, the pulse repetition frequency and the number of pulses will strongly impact the signal level of the illuminated pixels, but also and particularly, the delay between the pulses and the integration period of the dazzled pixels. During the laser pulse duration, dazzled pixels heat rapidly, but as pulse duration is much shorter than bolometers' thermal time constant (5 µs << 2 ms), thermal equilibrium is not reached and only at the end of the pulse, do dazzled pixels begin to cool down.

To focus on this phenomenon, dazzling experiments were conducted with a focused beam, i.e. illumination is slightly broader than one pixel with 44 % of the total energy in the central one. Dazzled images are analysed to extract the signal of the illuminated pixel. During one dazzling experiment, a video stream is acquired to monitor the signal of the detector before, during and after laser illumination. The relative signal of the pixel to laser illumination is then calculated as the difference between the pixel level when the laser is on and when the laser is off. In the first experiments, the microbolometer was illuminated by a single laser pulse and the delay between the pulse emission and the beginning of integration period of the illuminated pixel was varied. These experiments were carried out twice for 2 different integration times (128 and 188 µs). Results are presented in Fig. 5. It must be noticed that in these experiments, the pixel is not dazzled, the pulse energy was fixed to remain within linear response range.

The maximum of signal is reached when the pixel is illuminated just before the integration starts. If the pulse is emitted with a longer delay before integration, the bolometer has already begun to cool down before integration and the pixel level is then lower. If the pulse is emitted with a longer delay after the beginning of the integration, the laser heating is only integrated on the remaining period of integration so the signal level decreases rapidly and proportionally with the delay or the remaining period of integration down to zero (reached when the pulse is emitted after integration ends). As these experiments were carried out in the linear response range, Fig. 5 shows that the ratio between both experimental curves matches well the ratio between the integration periods. In the second series of experiments, the microbolometer was illuminated by 10 laser pulses and the delay between the beginning of the pulse train and the beginning of the integration period of the illuminated pixel was also varied. Similar results were obtained, they are presented in Fig. 6. The maximum of signal is achieved when the last pulse is emitted just before the integration period, as depicted in Fig. 6. Then to investigate the sensitivity of microbolometers to laser dazzling, experiments were conducted with more energetic pulses. 3 series of experiments were carried out with one, two and ten pulses. For each series, the delay between the pulse train and the integration period was chosen, within linear response range, so as to maximize the level of the illuminated pixel. The pulse energy was progressively increased until the pixel saturated. Results are presented in Fig. 7.

Eventually, the pixel signal depends linearly on the pulse energy before saturation and remains saturated if the energy is further increased.

Spatial spreading of dazzling: influence of laser beam diameter

We also studied the spatial spreading of the dazzling in the focal plane. First dazzling experiments, with one single laser pulse and a focused beam, did not bring out a spreading of the dazzling figure as impressive as that observed in the case of HgCdTe focal plane [START_REF] Durécu | Infrared laser irradiation breadboard: dazzling sensitivity analysis of a HgCdTe focal plane array[END_REF], [START_REF] Schleijpen | Laser dazzling of focal plane array cameras[END_REF]. Fig. 8 is a zoom inside a dazzled image acquired during a dazzling experiment of the microbolometer array (one laser pulse with a 65-µm beam diameter). Further on the microbolometer focal plane was successively laser dazzled with 2 different beam diameters, 65 and 900 µm, and with increasing pulse energy. Dazzled images were analyzed in order to evaluate the average signal of the pixels in the image according to their distance from the center of the laser spot. Fig. 9 presents the experimental results in the case of the laser beam diameter of 65 µm and Fig. 10 in the case of the laser beam diameter of 900 µm.

It is remarkable that in both cases, the relative signal level of the illuminated pixels increases with the pulse energy up to saturation. But only the pixels which are illuminated are dazzled. Even for high pulse energy, the neighbouring pixels outside the laser spot are not affected by dazzling. With a 900-µm beam diameter, 95 % of energy is contained in a disk with a radius of 550 µm (16 pixels) on the focal plane. 

Radius (pixel) Relative laser binary level

MEASUREMENT OF THE THERMAL TIME CONSTANT OF THE MICROBOLOMETER

During dazzling experiments we found out that the accuracy of our synchronization system allowed us to measure the thermal time constant of the microbolometer. Indeed the laser irradiation breadboard enabled to emit one laser pulse very accurately synchronized and delayed with respect to the time sequence of the detector. Accuracy is estimated to be better than 5 µs, which is very low compared to typical thermal time constant of bolometers. Consequently with a focused beam, i.e. laser illumination concentrated on almost one pixel, and a single pulse, we acquired series of illuminated images for an increasing delay. Measurement results are depicted in Fig. 11. We observe a typical exponential decay of the pixel level versus time delay, which corresponds to the thermal cooling of the pixel after the end of laser heating. Measured points were then approximated with an exponential function, which gives us the thermal time constant of this microbolometer 2.2 ms.

CONCLUSION

A dedicated breadboard has been developed to conduct dazzling experiments on infrared focalplane-arrays. The dazzling sources used on this test-bed are a MWIR OPO operating around 4 µm and a LWIR CO 2 laser at 10.6 µm.

Different subsystems, described in this paper, have been designed and implemented to adjust all the characteristics of these pulsed laser sources: level of energy, beam size on the focal-plane-array and time sequence of laser pulses. The energy per pulse is varied thanks to variable optical densities covering part of the linear response and the whole nonlinear response of the sensors, from saturation to damaging of the pixels. Optical focusing subsystems enable to achieve a very small beam diameter on the focal-plane-array, close to the size of one pixel. The LWIR CO 2 laser is focused on the FPA in a 65 µm diameter spot (M² = 1.25). AOM and programmable electronic devices control the time pulse sequence and synchronize it with the video frame stream of the sensor under test. The versatility of FPGAs authorize the generation of nearly any pulse sequence.

Dazzling experiments have been conducted on a standard microbolometer array. The main parameters affecting dazzling phenomena were varied: laser pulse energy level, delay and sensor's integration time, pulse sequence length, laser spot size. Experiments pointed out that the major impact of laser pulses on microbolometer focal plane is due to thermal heating and no kind of spatial spreading of the dazzling figure in the focal plane has been observed. Moreover, thanks to the accurate opto-electronic synchronisation subsystem, a direct measurement of the thermal time constant of the microbolometer array has been carried out.

The high level of performance of this breadboard offers a vast range of opportunities for dazzling experiments. Extensive and accurate studies can be conducted to reach better understanding of physical phenomena underlying the laser dazzling effects.
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 1 Figure 1 -M² measurement of the CO 2 laser beam by z-scan for both transverse axes. Sample beam profiles before, at and after (left to right) the z-scan focal point are given.

Figure 2 -

 2 Figure 2 -Optical layout of the laser attenuation subsystem using 5 sets of neutral optical densities in series.

Figure 3 -

 3 Figure 3 -Optimum Zemax optical design for the LWIR focusing subsystem (up) and Zemax predicted focused beam profile (down): 2w 0 = 65 µm and M² = 1.25.

  Dazzling experiments in the LWIR band were conducted on a microbolometer detector of the first generation(2003). It is based on an array of amorphous silicon resistive bolometers, thermoelectrically stabilized. This focal plane has 35 µm square pixels arranged in 320 lines and 240 columns. The focal plane is protected by an antireflective coated infrared window and the field of view of the device is F/1.

Figure 5 -

 5 Figure5-Relative signal of a pixel illuminated by one laser pulse. The pulse is emitted around the beginning of its integration period.

Figure 6 -

 6 Figure 6 -Relative signal of a pixel dazzled by 10 laser pulses. Pulses are emitted around its integration period.

Figure 7 -

 7 Figure 7 -Evolution of the pixel level with the pulse energy in the cases of dazzling by 1, 2 and 10 laser pulses.

Figure 8 -

 8 Figure 8 -Example of image acquired during a dazzling experiment of the microbolometer array. This is a zoom on the part of the image influenced by dazzling.

Figure 10 -

 10 Figure 10 -Radial profile of microbolometer relative signal when dazzled by a 900-µm laser beam diameter for increasing pulse energies.

Figure 11 -

 11 Figure 11 -Measurements of the thermal time constant of the microbolometer.
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