GRID OF OPTICAL FREQUENCIES IN A NEAR INFRA-RED RANGE SPECTRUM
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Abstract

Theoretical and experimental investigation the noise spectral interferometry method for creation of the optical frequencies grids was carried out. Finding out, which kind of optical sources can be used for such tasks, and which limits of the frequency resolution has been achieved.

Introduction


Frequency standards, including frequency grids, are general parts of calibration services for spectral devices. For example, lasers with frequency stabilization by quantum transitions in iodine or acetylene are used in optic. 


At some cases, it is needed to use secondary frequency standards for calibration of spectral devices with specific requirements. For example, in optical Wavelength Division Multiplexing (WDM) telecom systems with 60 channels and more, it is needed to provide frequency interval between these channels 100 GHz.


In this case, standard frequency grids with predetermined values of optical frequency periodical intervals need for calibration spectral devices.


Frequency grids various mixes of absorption molecular gases are typically used for calibration of optical spectra analyzers. 


It is proposed another method for the frequency grids forming which is based on spectral interference. This is the method of spectral interferometry. 


The method are researched and developed in radio-frequency region at LNDES, Usikov Institute for Radiophysics & Electronics, NASU, Kharkov, Ukraine long time [1, 2].

We used a theoretical model of wideband spectral interferometers and results of experimental test this method in an optical range. The method of spectral interferometer based on a linear interference of spectral components of a wideband radiation. This method allows obtaining frequency equidistant spectral lines in optical source radiation spectrum [3, 4].
Theoretical part

It is proposed the idea to use the spectral interferometry method for creation of the optical frequencies grids. 


The spectral interferometry method consists in formation of periodic alternation of maxima and minima of frequency spectrum which are the result of interferences of harmonic spectral components of the signals being summed at the output of an interferometer provided the arms difference exceeds the coherence length of the radiated signal.


The period of this alternation is inversely proportional to time of delay between the signals extending in two interferometer arms. 


The method can be realized with a classical Michelson interferometer.


Power spectrum F∑(f) of the signal at the interferometer output (at the photodetector input) [1]:
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where θ is the phase difference between signals in interferometer arms; τ0 is a difference between signals propagation time in interferometer arms; f is the frequency. 

Experimental part

For realization of the noise spectral interferometry method method for creation of the optical frequencies grids an experimental setup of the optical Michelson interferometer (hereinafter - the interferometer) was assembled. The block diagram of the setup is showed in fig. 1.
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Fig. 1. Block diagram of the experimental setup. Michelson interferometer. 

1 - the source of random optical radiation (Toshiba TLRH190P LED); 2 – mirror; 3 - beam-splitting plate 50/50 (10RQ00UB.2, Newport); 4, 7 - Ag mirrors (Metal Mirror Ag: Er2, Newport); 5 - translation stage (F1-055/721299 firms Magini and C with micrometric screw TESA with 2 µm grating period); 6 - spectrum  analyzer (on the basis of "M266 Solar Laser Systems" monochromator/ spectrograph, made in Byelorussia) 

The image of the experimental setup is shown in fig. 2.
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Fig. 2. The experimental setup for investigation of modulation spectrum in the LED radiation against the difference of the Michelson interferometer arms. In the foreground is Michelson interferometer; on the background are a rotary mirror on a support and an entrance objective of the М266 monochromator/spectrograph.


In industrially released measuring devices (microscopes, profilometers, etc.) and in researches described in a scientific literature, as sources of optical radiation so-called superluminescent diodes, various kinds of lamps (tungsten- and quartz lamps) are usually used [5, 6]. Both those and others have either high price, or low power spectral density.


The most cost-effective source of noise optical radiation, which could provide distances measurements from one micron and less, is an ordinary light-emitting diode (LED), the spectrum width of which exceeds that of a semiconductor laser. It allows expanding the range of measured distances (a difference of interferometer arms) towards its reduction. In the present paper we suggest to use the LEDs which are released serially for indication and illumination needs, namely: Toshiba TLRH190P InGaAlP LED. The researched LED has the following characteristics: a central wavelength of the LED radiation is 645 nm with spectrum width at half- is about 15 nm; Radiation level from the LED output diverges within the 40 angle only. Due to these properties, radiation of a LED has been used in interferometer without additional collimation and beam focusing. The manufacturer positions the given type of LEDs as «LED Lamp» by virtue of high brightness of radiation which is 19,000 μcd. The spectral characteristic of TLRH190P LED radiation is shown in fig. 3.
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Fig.3. Radiation spectrum of Toshiba TLRH190P light-emitting diode: 

a) at the light-emitting diode output; 

b) at the Michelson interferometer output provided the arms difference exceeds the coherence length of the radiated signal
The work researches the possibility of creation of spectral grid at any part of the optical spectrum range including infrared range using a Michelson interferometer. 

Michelson interferometer allows to generate a discrete optical spectrum with a given frequency spacing between the spectrum components using wideband optical source. The width of the discrete spectrum is determined by the width of the used optical source. 
Since the interferometer can use broadband mirror, we can generate the desired spectrum in any part of the optical range by replacing the source of the interferometer to another source with other part of the spectral range. By changing the length of the arm Michelson interferometer can change the distance between the spectral components formed by the radiation. 
As an example, fig. 4 shows experimentally received spectrum of radiation of light-emitting diode Toshiba TLRH190P at an interferometer output where shoulders' difference of interferometer is equal 200 μm.
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Fig. 4. Spectrum of radiation of light-emitting diode Toshiba TLRH190P at an interferometer output where shoulders' difference of interferometer is equal 200 microns

When the arms difference is 200 μm the interval between spectral lines is about 1 nm. It quite satisfies ITU-T recommendation G.694.2 for the international frequencies' plan 
(20 nm = 2.47 THz) of CWDM (coarse wavelength division multiplexing) telecommunication systems and comes nearer to ITU-T recommendation G.694.1 for international frequencies' plan (0.1 nm=12.5 GHz; up to 100 GHz) of DWDM (dense wavelength division multiplexing) telecommunication systems. 


In researched installation the minimal interval between the spectral lines, which is determined by the spectrograph, i.e. by frequency resolution of spectrograph is equal ~159 GHz. If to use a light-emitting diode with a wavelength 1.55 μm, i.e. to use the telecommunication wavelength and to use corresponding spectrograph's sets the frequency resolution will be 
~87 GHz. This is comparable with intervals between channels of the WDM systems.


For achieving the best form of a spectrum which is required for work as the standard frequencies grid for WDM systems it is necessary to calculate an interferometer’s instrumental function taking into account characteristics of used optical elements.

 Fig 5a shows the simplified circuit of Michelson interferometer, and fig. 5b shows the equivalent circuit in which so-called «reference plane» is entered instead of mirror М1, occupying a place of the М1 mirror image in beam-splitting plate [7].
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Fig. 5. a) the simplified circuit of Michelson interferometer, b) the equivalent circuit of Michelson interferometer with «reference plane»

 Fig. 5 shows that for the analysis of Michelson's interferometer work it is enough to consider an interference of the waves that are reflected by reference plane R and mirror M2. In other words, there is a task about an interference of the waves reflected by sides of a plane-parallel plate [7].

Thus, influence of mirrors characteristics on an instrument function of Michelson interferometer can be described with a mathematical apparatus of Fabry-Perot interferometer which also is considered as a plane-parallel plate with translucent surfaces.


The width of an instrumental contour or instrument function of Fabry-Perot interferometer is equal [8]:
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where λ - wavelength of radiation, Т - a transparency of medium between mirrors; R - reflection coefficient of interferometer mirrors, q - the interference order, which equals 2L/λ, L - distance between mirrors (in a case of use of a Michelson interferometer it is a difference of interferometer arms).


Fig.5 shows the interferometer instrument function δλ for most used reflection coefficients of mirrors where an interferometer arms difference L equal 1 mm.
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Fig.5. The interferometer instrument function for most used reflection coefficients of mirrors where an interferometer arms difference equal 1 mm.

Thus, for creation of optical frequency grids for WDM systems (infrared range of spectrum) under ITU-T recommendation G.694.2 (an interval between canals is 20 nm) usual used semiconductor and metal mirrors are suitable. But for creation of optical frequency grids for WDM systems under ITU-T recommendation G.694.1 (an interval between canals is 0.1 nm) semiconductor mirrors (reflection coefficient equals 0.99) should be used.
Discussion and conclusions


The theoretical and experimental studies of the spectral interferometry method in an optical range of spectrum were executed. As the result of experimental test of the optical spectral interferometry method the possibility of periodic modulation of the Toshiba TLRH190P LED radiation spectrum has been shown.

The idea of application of the spectral interferometry for creation of the optical frequencies grids was proposed and investigated.


Metrological calibration of frequency grids based on laser frequency standards. For measuring the frequencies of grid and frequency intervals it is proposed to calibrate the Michelson interferometer by a frequency standards based on a frequency-stabilized laser. For calibration in the near infrared range of spectrum a laser with frequency stabilization of absorption lines in acetylene is proposed to use.
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