Holographic grating angular selectivity dependence on diffraction order and light polarization

Hologrāfisko režģu leņķiskās selektivitātes atkarība no difrakcijas kārtas un gaismas polarizācijas
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Introduction

Theory

Accordingly to calculations in [1] for phase transmission volume gratings change of the angle of incidence of the readout beam (δ) to a value when diffraction efficiency become zero
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where Λ – period of the grating, d – thickness of the grating. 

Expressing angle of propagation of readout beam in the medium through the angle of incidence in the air and doing mathematical transformations it is possible to achieve following expression for doubled change from Bragg’s angle (doubled because of both sides of normal) of first diffraction order.
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where ξ0 – detuning parameter when diffraction efficiency is equal zero, n – average refractive index of the medium. Using graph of normalized diffraction efficiency dependence on detuning parameter ξ (from [1]) were defined expressions for Δθ on levels 0.5 and 0.8 from maximal diffraction efficiency:
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An arbitrary volume grating can be transformed to the sum of sinusoidal transmission gratings using expansion in a Fourier series. So, it is possible to say that for an arbitrary holographic grating second diffraction order (m=2) responds to sinusoidal grating with period equal Λ/2:
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Klein parameter [2] is used to define which hologram is: volume or thin? Hologram is considered as thin if Q<1 and as volume hologram if Q>10. Klein parameter is calculated as follows:
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where λ – wavelength, d – thickness of the hologram. 

Experiment

The sample is the film of matter placed on the glass substrate. In the experiment were used two samples: As40S15Se45 (thickness d = 2μm, refraction index n=2.94) and As2S3 (thickness d=7μm, refraction index n=2.45). Horizontally polarized light was used. In the case of As40S15Se45 holographic grating recording was recorded using intensity approximately 1 W/cm2. After 30 seconds of the recording process it was interrupted and readout began. Readout beam intensity was weakened approximately 100 times to avoid destruction of the recorded grating during the readout (See Fig.1). 
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Fig.1. Normalized diffraction efficiency vs readout time using different intensities.

Time period of 30 seconds was chosen experimentally to achieve maximal diffraction efficiency in the gives circumstances (see Fig.2.).
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Fig.2. Self-diffraction efficiency vs exposition time. 
Grating period is 1 μm.
The sample was rotated around vertical axis going through recorded holographic grating with aim to change angle of incidence of the readout beam (See Fig.3.). Power meter (Gentec-EO, Canada) was used to register first order diffraction maximum. Accordingly to given results graphs of diffraction efficiency vs rotation angle were built. Rotation angle was calculated from zero position which was position of the sample during the recording of grating. Turning the sample in counterclockwise direction the angle was taken as negative, in clockwise direction – as positive.
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Fig.3 Measuring scheme for As40S15Se45 sample. Zero degrees position.

Structure of the sample holder implies possibility to rotate the sample around the vertical axes and to readout rotation angle using a scale on the holder’s base. Chosen vertical axes went through the center of the recorded area. Area of the cross-section of the readout beam increased with the rotation angle, but power remained constant. Changes of intensity of the readout beam because of rotation angle changes did not take into account. Laser has the Gaussian beam and at the external areas of cross-section intensity is much lower than in the center. Measurements were repeated more times. For each record was made only one measurement because even weakened beam had destructive influence on recorded grating. Reflection coefficient dependence on rotation angle was measured for unrecorded area on the surface of the sample (see Fig.4.).


[image: image11.wmf]-40

-20

0

20

40

16

18

20

22

24

26

28

30

Reflection, %

Angle from recording position, degrees

As

40

S

15

Se

45

Averaged reflection


Fig.4. Average reflection coefficient vs rotation angle.
 Coefficient is calculated from two measurements.

Taking into the account reflection losses were defined normalized diffraction efficiency dependencies on rotation angle (see example on Fig. 5.).
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Fig.5. Normalized diffraction efficiency vs rotation angle for two attempts.
Readout beam weakening because of reflection was taken into account.

In the case of As2S3 holographic gratings were recorded before experiment. These were made by Ar+ laser. Influence of red light wasn’t noticed during experiment. Measuring process was similar to As40S15Se45 samples except “zero position” of the sample. Sample position corresponded to zero degrees was when sample surface was perpendicular to incident beam. Turning the sample in counterclockwise direction the angle was taken as negative, in clockwise direction – as positive (see Fig. 6.). 
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Fig.6. Measuring scheme for As2S3 sample. Zero degrees position.
Measurements were made for first and second diffraction orders. Readout beam intensities were from 0.15 till 0.25 W/cm2. Reflection coefficient was measured recorded and unrecorded areas (an example on Fig.7.). Graphs showing normalized diffraction efficiency dependence on rotation angle taking into the account reflection losses were built (an example on Fig. 8.).
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Fig.7. Reflection vs rotation angle in the recorded area. Grating period is 2.4 μm.
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Fig.8. Normalized diffraction efficiency vs rotation angle
taking into account reflection losses. Grating period is 2.4 μm.

For example for 1st diffraction order Δθ0.5=-(-17.3°-8.0°)=25.3°.

Results

Let’s compare calculation results made accordingly to expressions (3), (4) for first order of diffraction, accordingly to expressions (5), (6) for second order and experimental results.

Experimental values of Δθ were defined like shown on Fig.8 for each measurement. Average values were calculated for each combination of matter, level and diffraction order.

Experimental results are near to theoretical for As40S15Se45 sample (See Table 1). During the experiment it was impossible to measure second order diffraction efficiency because of its’ very low intensity. Also we could not define Δθ for level of 0.5 because nature of curves (see Fig.5.).

Table 1.

As40S15Se45 sample, grating period Λ=1μm, diffraction order m=1, Klein parameter Q=2.7.
	
	Theory
	Experiment
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Table 2. 
As2S3 sample, grating period Λ=2.4μm, diffraction order m=1, Klein parameter Q=2.
	
	Theory
	Experiment
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Table 3.
As2S3 sample, grating period Λ=1.6μm, diffraction order m=1, Klein parameter Q=4.4.
	
	Theory
	Experiment
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Table 4.
As2S3 sample, grating period Λ=2.4μm, Klein parameter Q=2.
	
	Theory
	Experiment
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Table 5.
As2S3 sample, grating period Λ=1.6μm, Klein parameter Q=4.4.
	
	Theory
	Experiment
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In the case of arsenic sulfide (As2S3) theoretical and experimental results’ coincidence not so good, but similarity is growing up with Klein parameter Q (See Tables from 2 till 5). Taking into the account the fact that a hologram is considered as volume when Q>10 (but we have 2 and 4.4 - mixed type) there are reasons to expect that the coincidence would be better for volume gratings.

Conclusions

Coupled wave (Kogelnik) theory acceptably define Δθ values. The more is Klein parameter Q, the better compliance.

Increasing diffraction order angular selectivity increases too. That can be explained by fact that Klein parameter Q is lower than 10 and the hologram has Gauss's cross-section.

Measurements of angular selectivity can be used to define film thickness if refractive index of the film is known.
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D.Saharovs, A.Ozols, L.Černevska. Hologrāfisko režģu leņķiskās selektivitātes atkarība no difrakcijas kārtas.

Dotajā rakstā tiek eksperimentāli pētīta leņķiskas selektivitātes atkarība no difrakcijas kārtas amorfam arsēna sulfīdam As2S3 un, daļēji, amorfam arsēna selenīda sulfīdam As40S15Se45. Dots detalizēts eksperimenta apraksts ar mērījumu shēmām un iegūto likņu piemēriem. Eksperimentālie rezultāti tiek salīdzināti ar teorētiskiem aprēķiniem saskaņā ar saistīto viļņu teoriju (Kogelnika teoriju). Eksperimentālie rezultāti daļēji atbilst teorētiskiem. Doti iespējami nesakrišanas cēloni.
D.Saharov, A.Ozols, L.Cernevska. Holographic grating angular selectivity dependence on diffraction order.
Holographic grating angular selectivity dependence on diffraction order for amorphous arsecic sulphide As2S3 and particularly for amorphous sulphide of arsenic selenide As40S15Se45 are experimentally studied in this work. Detailed description of the experiment process with measurement schemes and examples of dependencies’ graphs is given. Comparison of gained results with theoretical calculations is made accordingly to coupled wave theory also known as Kogelnik theory. Particular compliance of theoretical with experimental data is revealed. Possible reasons of mismatch are submitted. 
Д.Сахаров,  А.Озолс,  Л. Черневска. Зависимость угловой селективности голографических решёток от порядка дифракции. В данной статье экспериментально исследована зависимость угловой селективности от порядка дифракции для аморфного сульфида мышьяка As2S3 и, частично, для аморфного сульфида  селенида мышьяка As40S15Se45. Дано подробное описание эксперимента со схемами и примерами полученных графиков зависимости. Проведено сравнение полученных результатов с результатами расчётов в соответствии с теорией связанных волн (теории Когельника). Выявлено частичное соответствие между теоретическими и экспериментальными данными. Высказаны предположения о причинах несовпадения.
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