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ABSTRACT 

The optical, structural, and electrical properties of Vanadium Dioxide (VO2) thin films 

can be dynamically modified by an external stimulus such as temperature, optical 

excitation or an electrical current or voltage. VO2 exhibits a first-order reversible 

metal-insulator phase transition (MIT) which is typically accompanied by almost five 

orders of magnitude change in electrical conductivity. The ability to trigger the phase 

transition via optical excitation allows for producing reconfigurable patterns 

(typography) on the surface of the VO2 films. In this work, rewritable patterns were 

generated at the optical communication wavelength using a combination of pump-

probe technique, dual-scanning mirrors, and an infrared (IR) camera. The sample used 

in these experiments is composed of VO2 ~150 nm thick films deposited on both sides 

of c-plane-oriented sapphire substrates which was fabricated using the sputtering 

deposition technique The sample was illuminated by an infrared probe light source 

emitting at ~1560 nm wavelength. A high-power near-IR laser was incident on the 

scanning mirrors and then deflected towards the VO2 sample’s surface. The high 

power laser optically triggers the VO2 MIT and the scanned region became opaque to 

the IR irradiation. The patterns generated at the sample surface were imaged using an 

IR camera. Clear and high contrast images with different shapes and sizes were 

obtained with the proposed approach. The characteristics of the generated patterns 

were controlled by the vibration amplitude and frequency of the scanning mirrors. As 

a proof of concept we demonstrated optically-induced Lissajous-like figures with 

different shapes, intersecting lines, and amplitudes. We anticipate that the developed 

method can be prospectively used to realize reconfigurable Fresnel lenses, spatial light 
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modulators, optical equalizers, reconfigurable metamaterials, spatial light modulators, 

variable attenuators, and tunable frequency selective filters, operating in the near-IR. 

In particular, VO2 is very attractive to realize devices operating at the 

telecommunication wavelengths.  
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CHAPTER I 

INTRODUCTION 

   VO2 undergoes a first-order reversible phase transition from room-temperature 

insulator with monoclinic crystal symmetry to a metallic phase with a tetragonal rutile 

structure at characteristic temperatures (Tc) in the range ~65-75 oC [1]. The electrical 

conductivity of VO2 films increases by almost five orders of magnitude when the 

material changes from the insulator, with low optical absorption, to the metallic phase, 

with high-reflectivity [2-6]. For photon energies below the bandgap, VO2 exhibits high 

optical transmittance in the insulating phase and low optical transmittance in the 

metallic phase, leading to a stark optical contrast [4-6]. This optical transition 

characteristic can be used for large-amplitude switching and modulation applications 

at infrared [7-8], THz [9-10], and thermal frequencies [11]. In particular, two 

approaches to infrared scene projection technologies have been proposed [11-12]. One 

approach exploits the optical storage capabilities of VO2 [13-14] and requires setting 

the operation temperature range of the VO2 screen inside of the hysteresis response 

loop of VO2 [12].  This approach has the advantage of not requiring repetitive erasure 

and rewriting of the intended pattern or scene but produces infrared images with less 

contrast than the ones obtainable using the other proposed approach [11]. Similar to 

analog television screens, the desired infrared transmission patterns should be 

repetitively erased and rewritten when the operation temperature range covers the 

complete hysteresis response loop of VO2 [11].  In this work, we adopt the approach 

proposed in [11] but we explore a different frequency range for the projection 
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radiation. In [11] an analog infrared screen projecting images in the 8-12 μm 

wavelength band was demonstrated. Here, we explore the important optical 

communication wavelength band (~1.55 μm) to generate reconfigurable patterns on 

VO2 deposited on both sides of the substrate via photo-induced phase transition using 

a pump-probe setup, galvo-scanning mirrors, and an infrared camera. Well-defined 

images with a large contrast between the illuminated and non-illuminated laser 

pumped areas were obtained with our proposed approach [15]. We anticipate the 

ability to produce photo-induced arbitrary patterns on the surface of the VO2 samples 

will be important for reconfigurable optics and infrared ciphering applications.  
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CHAPTER II 

THERMOCHROMIC VO2 

Vanadium dioxide has caught the attention of many scientists over the past few 

decades, due to its thermochromic properties. VO2 undergoes a phase transition at 65-

75 oC temperature. Thermochromic materials change its optical property with the 

change in temperature. The optical properties of VO2 during the phase transition are 

fascinating because they involve marked changes in refractive index, the hysteretic 

behavior, and the reversibility characteristics. 

   VO2 with a metallic electronic structure shows a pronounced electrical resistivity 

change during the metal-to-insulator transition (MIT) with a concurrent structural 

phase transition (SPT).  
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Figure 2.1 Crystal models for atomic arrangements in monoclinic and tetragonal VO2 

phases. Schematic depiction of (a) monoclinic and (b) tetragonal rutile structures of 

VO2. [16] 

 

   Figs. 1(a) and 1(b) illustrate, the monoclinic and tetragonal crystalline structure of 

the VO2 for temperatures below and above the MIT characteristic temperature [6, 16]. 

The phase change is fundamentally characterized by a unit cell doubling in the vertical 

am axis, in the monoclinic phase, with respect to the vertical cr axis in its Rutile phase, 

respectively. [6, 17] 
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Figure 2.2 VO2 (a) relative transmission (at THz frequencies) and (b) electrical 

resistivity at different sample temperatures. [17] 

 

As mentioned before, typical VO2 first-order phase transition also exhibits a hysteresis 

loop, width signature of which varies from ~1º C - 10º C depending on VO2 growth 

conditions. Figure 2 shows an example of electrical resistivity (Fig. 2(b)) and terahertz 

(THz) optical transmission (Fig. 2(a)) of a VO2/sapphire sample at different 

temperatures. The resistivity of the VO2 layer (Fig. 2(b)) changes over four orders of 

magnitude across the MIT with characteristic temperatures of 65.6 and 61.8º C during 

the heating and cooling cycles, respectively. The typical resistivity hysteresis loop 

with the temperature is also observed in Fig. 2(b) with a loop width of ~4º C. The 

decrease in electrical resistivity (or increase in electrical conductivity) results in 

increased optical reflectivity at THz (and IR) frequencies. Fig. 2(a) shows a 

representative example of temperature dependent THz transmission (normalized to the 

transmission at temperature T=25º C). Similarly to the temperature-dependent 

resistivity measurements, the THz transmission through the same VO2/sapphire 
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sample also exhibited a hysteresis behavior with a large transmission contrast between 

the insulator and metallic phases.  [17] 
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CHAPTER III 

EXPERIMENTAL SETUP 

III. (a) Sample fabrication 

 

We investigated in this work ~150 nm thick VO2 films deposited on both sides of a 

250 µm C-plane sapphire substrate (see Fig. 3). VO2 films were deposited by DC 

magnetron sputtering technique using a high purity (99.95%) vanadium metal target 

under an O2/Ar flow ratio of 11% at a pressure of 3mTorr. The substrate growth 

temperature (Tg) used was 625 C and was kept the same for both films. Details of the 

growth procedure can be found in [18]. The VO2 double-sided sample was chosen 

because of the larger optical transmission contrast, when compared to single-sided 

samples, during the phase transition. The modulation depth (MD) defined as 

MD=(Emax-Emin)/Emax  where Emax and Emin are the maximum and the minimum of 

electric field amplitudes, respectively, is typically used to quantify the optical 

transmission contrast when the VO2 changes from the insulator to the metallic phase. 

MD~96% was determined for the double-sided VO2 sample [15]. In contrast, MD~74 

% was determined for single-sided VO2 samples grown on c-plane sapphire substrates. 

[9] In addition, a photo-induced semiconductor-to-metal phase transition (under 

continuous-wave excitation) time constant was determined as ~1 sec and ~0.5 for a 

single-sided and double-sided sample, respectively at T=25 oC while a similar time 

constant of 0.033 s was determined for both samples when the photo-excitation was 

removed (metal-to-semiconductor phase transition) [17].This makes the use of double-
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sided VO2 more attractive to achieve larger optical transmission contrast during the 

phase transition under photo-induced excitations. 

 

 

 

 

 

 

 

Figure 3.1 Schematic illustration of the double-sided VO2 sample deposited on a c-

plane sapphire substrate used in our experiments. 

 

III. (b) Optical pump-probe set-up  

To accomplish photo-induced typography on VO2 thin films a pump-probe set-up 

using IR lasers, galvo-mirrors, and an IR camera was implemented. Figure 4 shows a 

schematic illustration of the setup used in our experiments. 
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Figure 3.2 Schematic of the pump-probe experimental setup used in the photo-induced 

typography on VO2 samples. 

 

   As shown in Fig. 4, an infrared laser emitting at λ~1560 nm wavelength with a 

constant power of ~21 mW was used as the probe beam, which illuminated 

perpendicularly the sample surface (after beam expansion by a lens) with a circular 

transversal section of ~10 mm in diameter. The samples were mounted on a 

temperature-controlled stage with a 10 mm circular aperture whose temperature (Ts) 

can be varied from 25C to 100 C. A near-IR Vidicon camera (InGaAs - Hamamatsu 

C2400-03) with spectral response in the 800-1800 nm wavelength range, with 30 

frames/sec (fps) speed, and 720x480 pixel resolution was used in our experiments. 

The near-IR camera was coupled to a long working distance objective lens (20X) and 

focused on the sample surface. In order to avoid any scattered light from the 980 nm 

pump beam to reach the camera a high pass filter centered at 1300 nm was placed in 
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front of the camera lens. The camera has an external controller which enables control 

of the contrast, brightness, and gain. Both the IR camera and the pump laser were 

mounted on distinct translation stages for mechanical alignment optimization. The 

pump laser was focused on the sample surface with a beam spot size of ~500 µm in 

diameter (when the galvo-mirrors were kept in the static position).  A λ=980 nm 

wavelength laser with a variable power in the range of 500-1000 mW was used in our 

experiments. The radial spread of the heat produced by the localized absorption of the 

focused pump beam on the sample surface resulted in the VO2 phase transition over an 

area much larger than the focused pump beam. In order to minimize the lateral heating 

spread, a mechanical chopper was placed after the pump laser enabling low-frequency 

modulation (~1 Hz) experiments where the pulse width was maintained at a constant 

duty cycle of ~10%. This ensured that the illuminated area by the high-power laser 

remained near the pump spot size. A dual-axis, large beam diameter scanning galvo-

system with protected silver mirrors were used to generate different patterns on the 

VO2 sample. When the mirrors were stationary the pump beam hit the sample surface 

at the center of the circular area illuminated by the probe beam.  The closer Ts is to Tc 

(the characteristic transition temperature) ~68oC [1], the lower is the photo-thermal 

energy needed to reach the metallic state [11]. This resulted in a faster phase transition 

transient time. On the other hand, there is a substantial increase in the recovery time 

with increased Ts (metal to insulator state transition) due to the small difference 

between the high temperature of the sample holder (which has a large thermal mass) 

and the photo-induced temperature rise of VO2 to achieve the phase transition. For 
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instance, the time transition to return to the insulator state increased by an order of 

magnitude for Ts=60 oC when compared to Ts=25 C [17]. The dual-axis galvo-

mirrors were connected to two waveform generators to dynamically and independently 

control their frequencies and vibrating amplitudes. We have used waveforms with 

peak-to-peak voltage 0-1.5 V and frequency 10-100 Hz ranges with sinusoidal 

waveforms to control the mirrors’ vibration characteristics. 
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CHAPTER IV 

RESULTS AND ANALYSIS 

 

In order to produce the reconfigurable patterns on the VO2 samples at moderate laser 

pump power, we kept the sample temperature about 3-8 oC below the phase transition 

temperature (~68C for our samples). When the phase transition occurs, the photo-

pumped areas in the VO2 samples become metallic and therefore nearly opaque to the 

IR probe illumination. Our data was collected in the form of 40 second long videos. 

For reference intensity images, the pump laser was blocked for the first 10 seconds of 

the videos. Figure 5 shows frames of video data showing IR images obtained using a 

single scanning mirror at peak-to-peak voltage varying from 0 to 1.4 V at a signal 

frequency of 100Hz and sample temperatures ranging from 60 to 64 oC. In all these 

images, the bright large circle region corresponds to the illuminated area by the 

probing laser source as a result of the high optical transmission through the 

VO2/sapphire/VO2 sample below the phase transition. 
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Figure 4.1 Infrared images of the sample surface obtained by modulating only one of 

the galvo-mirror with the amplitude of voltage increased by 0.2V. The frequency of 

the signal on the mirror was 100 Hz. The diameter of the circular bright areas 

corresponds to 10 mm. 

 

 In the absence of mirror vibration (V=0), a well-defined dark spot of size ~0.5 

mm is clearly seen in the Fig. 5(a). This image was obtained using Ts = 60 C, Ppump = 

579 mW, and a ~1 Hz pump beam frequency modulation, once again, to avoid heat 

diffusion during the VO2 phase transition. At these conditions, a complete erasure of 

the black spot in the image occurred at ~0.06 s after the pump laser was turned off. 

Increased values of the amplitude modulation voltage (Fig 5 (b-h)) resulted in well-

defined lines whose length is proportional to the voltage applied to the scanning 

mirror. In order to compensate for the decrease in pump power density with the 

increase in the mirror amplitude voltage (or increase in the line length), we increased 

the pump power linearly from 580 mW to 950 mW. The IR images shown in Figs. 5b-

5h revealed that reconfigurable lines can be clearly generated on the VO2 samples 

using the proposed pump-probe approach.  
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Figure 4.2 Plot of line length (in pixel units) versus the applied voltage  

Figure 6 shows a plot of the line length in pixel units as a function of the applied 

voltage to the scanning mirror for the same data shown in Fig. 5. It is evident from this 

plot the near-linear dependence of the line length with the applied voltage. There is a 

slight deviation from linearity initially due to thermal dissipation effects. This plot 

ensures the possibility of scanning any continuous pattern on VO2 using vector 

scanning with the galvo-mirrors to draw lines or arbitrary lengths. The scanning is 

performed between the end points. Early oscilloscopes had a vector display composed 

of lines rather than pixels for display. 
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Figure 4.3 Plot profile of the three line data for voltages 0.0V (Black), 0.4V (Red), 

1.4V (Green) corresponding to the cross-section represented in the inset in the plot. 

The diameter of the circular bright areas in the inset corresponds to 10 mm. 

 

Fig. 7 shows the longitudinal line profiles of three lines generated with voltages 0.0V 

(black), 0.4V (red) and 1.4 V (green) obtained from the insets shown in the same 

figure. This figure shows that as the voltage is increased the contrast between pumped 

and non-pumped areas decreases. We determined contrast values as 23%, 20%, and 

12%, for modulation voltages of 0.0 V, 0.4 V, and 1.4 V, respectively. This is 

attributed to a decrease in pump power density with increased voltage, or increased 

line length.  

In order to demonstrate the capability of our setup to generate arbitrary forms on the 

surface of the VO2 samples, we used both scanning mirrors with different frequencies 

and relative phases to generate Lissajous-like patterns. Lissajous figures are the result 
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of a superposition of two orthogonal harmonic signals. A vibration or a simple 

harmonic waveform can be represented by a sinusoidal wave. Let a and b denote the 

amplitude, f1 and f2 the temporal frequencies, φ1 and φ2 the phases of each waveform, 

and t the time, then the two waves can be represented by the following parametric 

equations: 

 

                 x = asin(2f1t+ φ1)  and y = bsin(2f2t+ φ2)                                         (1) 

 

When f1/f2 is rational, the resulting curve has a closed pattern. For the same amplitude 

and the ratio of the frequencies f1/f2=1, the resultant shape is a line, an ellipse or a 

circle, depending on the phase difference between the two waveforms. Similarly, 

when f1/f2=2, the shape has one intersection (or nodes) in the closed curve. The 

number of intersection points is one less than the ratio f1/f2. For every frequency ratio 

f1/f2 the Lissajous figure varies with the phase difference (φ1- φ2) between the two 

waveforms. In order to illustrate the effects of the frequencies and phase differences 

on the generated patterns, we plot in Fig. 8 simulated Lissajous figures for f1/f2=1, 2, 3 

and 4, and phase differences φ1- φ2=0°, 45°, 90°, 180°, 270° and 360° [19].Distinct 

shapes with different intersections can be clearly observed in Fig. 8 as the frequency 

ratios and the phase differences are varied. 
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Figure 4.4 Simulated Lissajous curves for different frequency ratios and different 

phase differences [19]. 

 

We used the two scanning mirrors with two independent frequencies applied to each 

one to generate Lissajous-like circle profiles on the VO2 sample using the set-up 

shown in Figure 4.  

 

 

Figure 4.5 Circle patterns obtained with different amplitude voltages and 

f1=f2=100Hz. The diameter of the circular bright area corresponds to 10 mm. 

 

Figure 9 shows generated circle patterns obtained at different voltages using f1=f2=100 

Hz. The pump power incident on the sample was varied from 840 mW (Fig. 9(a)) to 

1200 mW (Fig. 9(e)). Since the generated circles had on an average larger perimeter 

than the straight line lengths shown in Fig. 5, the pump power used to obtain the 

patterns shown in Fig. 9 were larger than those used to generate the straight lines. It is 
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evident from Fig. 9 that reconfigurable IR Lissajous-like figures can be obtained with 

the combination of VO2 samples, two scanning mirrors, and the pump laser.  

 

 
Figure 4.6 The plot of the circle area in pixels vs the voltage applied to the mirrors. 

 

We plot in Fig. 10 the corresponding area of each patterned circle shown in Fig. 9 (in 

pixel units) versus the applied voltage to the mirrors. The patterned circle area 

increases nearly quadratically with the applied voltage. This allows for easy control of 

the desired pattern and its corresponding size.  

 

As the f1/f2 ratio increases more complex patterns can be generated with our pump-

probe approach and the VO2 sample, similar to those Lissajous-like patterns shown in 

Fig. 8. Figure 11 shows multiple Lissajous-like patterns using different frequency 

ratios and phase difference combinations. Due to the reversible characteristics of the 

VO2 films the evolution of the structures shown in 11(a)-(c), 11(d)-(f), 11(g)-11(i), 
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and  11(j)-(k) can be generated in real time. To maximize the contrast of the images 

the power of the pump laser was varied to compensate for the increase in the scanning 

length of each pattern. As a result, patterns with more intersections needed higher 

pump laser powers to trigger the phase transition. This was realized by slightly 

increasing the sample temperature closer to the phase transition temperature of the 

VO2. In all these experiments the frequency of the optical chopper was kept constant 

at ~1Hz. As expected, at or above the transition temperature of the whole sample 

undergoes complete structural phase transformation and the sample became opaque to 

the probe beam. At temperatures close to the VO2 phase transition temperature the 

heat diffusion is larger and this caused the time required to return to the insulator state 

slightly lower. 
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Figure 4.7 (a-l) Lissajous curves for several frequency ratio applied to the scanning 

Galvo-mirror System (a-c), (d-f),(g-i), (j-k) shows the evolution of the figures with 

same frequency ratio and varying phase difference. The diameter of the circular bright 

areas corresponds to 10 mm. 

 
 

Table 1 lists the corresponding f1 and f2 frequencies, mirror voltages, pump laser 

power, and sample temperature used to obtain the Lissajous-like patterns show in Fig. 

11. 
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Table 1.1: Figure 11 properties 

Fig.11 f1/f2 F1x (Hz) F2y (Hz) 
Laser 

Power(mW) 
Sample 
temp.(˚C) 

11(a) 2 50.0 100.0 948.73 65 

11(b) 2 50.0 100.0 880.00 64 

11(c) 2 50.0 100.0 950.00 62 

11(d) 3 33.3 100.0   980.65 64 

11(e) 3 33.3 100.0 948.73 64 

11(f) 3 33.3 100.0 947.00 64 

11(g) 4 25.0 100.0 948.00 64 

11(h) 4 25.0 100.0 948.00 64 

11(i) 4 25.0 100.0 975.00 65 

11(j) 5 20.0 100.0 948.00 64 

11(k) 5 20.0 100.0 948.00 64 

11(l) 6 16.7 100.0 1010.00 64 
 

 

Figure 12 (a) shows a generated Lissajous pattern with f1/f2=6; pump laser power 

1498 mW and sample temperature of 64 ˚C. The yellow line was drawn across an 

arbitrary region of the pattern and a line profile was obtained across this line as shown 

in Figure 12(b). Using the image contrast defined as (Imax-Imin)/(Imax+Imin), where Imax 

and Imin are the maximum and the minimum intensity, respectively, the image contrast 

of the pattern shown in Fig.  12(b) was determined as ~60%, indicating the good 

quality of the generated Lissajous-like figure. 
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Figure 4.8 (a) Image of a Lissajous pattern with f1/f2=6. (b)  Line intensity profile 

across the yellow line. The diameter of the circular bright area in (a) corresponds to 10 

mm. 

 
There was a small period of time for the pump laser power to be distributed evenly so 

that a well-defined structure could be drawn. For the pattern shown in Fig. 12, (a) for 

our set-up, we recorded a video for 40 seconds. This ensured the intensity variation 

was solely due to modulated pump beam. As mentioned before, the first 10 seconds, 

the pump laser is blocked in order to get a reference intensity frame. Figure 13 was 

obtained by plotting the intensity at a point marked with the red dot in figure 12 (a). 

After letting the laser hit the sample, it takes about 15 (25-10) seconds for the heat to 

stabilize and reach a high contrast, discernable pattern. From the plot, the frequency of 

the intensity variation is about 1Hz. As expected, this value matches that of the optical 

chopper frequency. 
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Figure 4.9 Intensity plot at a point (red spot in Fig 12(b)) 
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CHAPTER V 

PROSPECTIVE APPLICATIONS OF VO2 TYPOGRAPHY 

The results shown in Figs. 5, 9, and 11 suggest that arbitrary high-contrast patterns can 

be generated using the semiconductor-to-metal reversible phase transformation of VO2 

for IR applications. In addition to ciphering applications, prospective reconfigurable 

optical devices can be realized using our proposed scanning mirror-pump-probe 

approach. We briefly describe below just a few of these applications. 

V. 1. ANALOG IR VO2 BASED SCREEN  

Cathode ray tubes (CRT) were the dominant technology in the early days of analog 

television [20]. In analog television screens, an electron beam excites the phosphorous 

layer at the point of impact on the screen. Excited phosphorous molecules emit the 

visible light that is observed by the viewer. The electric and magnetic fields produced 

in the CRT control the laser beam point of impact, which is scanned through the 

screen in order to produce the desired images. In addition, the image is conveniently 

refreshed by scanning repetitively the whole screen [20]. We described a similar 

technique for displaying infrared scenes. Here the CRT is substituted by a high-power 

laser beam that is deflected by a scanning mirror towards the VO2 sample. The 

localized heat produced in the VO2 locally changes the transmission of the infrared 

probe radiation. Scanning the high-power laser beam through the VO2 sample and 

refreshing the generated pattern permits to modulate the infrared transmission through 

the screen. The transmitted pattern can be thus observed using an infrared camera.   
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V. 2. RECONFIGURABLE FRESNEL ZONE PLATE 

 

 
 

 

 
 

Figure 5.1 Fresnel zone plate used for focusing electromagnetic waves [21]. 

 

Fresnel zone plates are used to focus electromagnetic waves. Unlike conventional 

lenses, zone plates use diffraction and interference to focus light at a point. Hence, 

zone plates are incident light wavelength specific. [21] Figure 14 illustrates a Fresnel 

zone plate that has a single focal point. The distance between each ring is dependent 

on the wavelength of light. A multi-focal reconfigurable Fresnel zone plate at the 

communication wavelengths will have important applications to focus IR irradiation. 

There has been a development of micro scanning mirrors that could display 

sophisticated projections using lasers that can raster scan any image that is 
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programmed into it. [22] We anticipate that sophisticated mirror arrangements and the 

pump-probe set-up described here will enable reconfigurable Fresnel zone plates for 

projection applications. 

 

V. 3. SPATIAL LIGHT MODULATORS (SLM) 

 

Typical SLMs consist of liquid crystal displays which can be programmed to modulate 

the amplitude and or the phase of the incident light via an externally applied voltage. 

There are two types of SLMs- optically addressed and electrically addressed. The 

results of the present work suggest that optically addressed IR-SLMs can be realized 

using our proposed approach. The laser photo-induced phase transition in VO2 

samples can be used to create arrays of macro- or micro-pixels which transmission (or 

phase) can be controlled by the power of the pump laser. Large intensity contrast 

(black/white) pixels can be potentially achieved by changing the VO2 phase from 

insulator to metallic state and vice-versa. Grey-scale pixels can be prospectively 

obtained for laser pump powers within the VO2 phase transition. [23] 
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CHAPTER VI 

CONCLUSIONS 

We show that rewritable photo-induced arbitrary patterns can be generated using 

VO2 thin films in the infrared spectral region. These patterns were obtained using a 

combination of the continuous-wave pump-probe technique, dual-axis galvo-scanning 

mirrors, and an IR imaging camera. A high-power NIR pump laser was used to trigger 

the metal-to-insulator phase transition in the VO2 films. A probe laser emitting near 

the telecommunication wavelength was used to illuminate the sample.  

In order to achieve high-contrast IR images, we performed investigations on 

double-sided VO2 samples (VO2/sapphire/VO2). The sample was heated near the onset 

of the VO2 phase transition temperature, in order to minimize the amount of pump 

power required to achieve the phase transition. We modulated the incident pump laser 

at very low frequencies (~1 Hz) to minimize lateral heat diffusion in order to achieve 

sharper pattern contours. Well-defined and high contrast images with different shapes 

and sizes (Lissajous-like figures) were demonstrated with the proposed technique. The 

characteristics of the generated patterns were controlled by varying the amplitudes and 

frequencies of the vibrating mirrors. We anticipate that the developed approach will 

have prospectively applications to realize an analog IR screen display, and IR 

reconfigurable Fresnel lenses, spatial light modulators, and optical equalizers. 
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