ACCURATELY MEASURE
LASER SPECTRAL CHARACTERISTICS

Ii0I APPLICATION NOTE

by Jeff Kondziela, Product Line Manager, EXFO Burleigh Products Group

Faster transmission rates, increased channel counts and increased transmission distances are driving the continual advancements of laser
transmitter technology. Whether it's a fixed-wavelength distributed-feedback laser (DFB), a tunable distributed Bragg reflector (DBR) or a
vertical-cavity surface-emitting laser (VCSEL), accurate analysis of the transmitter's spectral characteristics is crucial to the development and
manufacturing processes.

Many different technologies can be used for spectral analysis, but the preferred method for highest-resolution spectral analysis is the scanning
Fabry-Perot interferometer technique. As the Fabry-Perot interferometer is a very simple device that relies on the interference of multiple
beams, it is ideal for measuring laser linewidth, longitudinal mode structure and frequency stability of a laser source. The device consists of
two partially transmitting mirrors that are precisely aligned to form a reflective cavity. Incident light enters the Fabry-Perot cavity and undergoes
multiple reflections between the mirrors so that the light can interfere with itself many times. If the frequency of the incident light is such that
constructive interference occurs within the Fabry-Perot cavity, the light will be transmitted. Otherwise, destructive interference will not allow
any light through the Fabry-Perot interferometer.

The condition for constructive interference within a Fabry-Perot interferometer is that the light forms a standing wave between the two
mirrors (Figure 1). In other words, the optical distance between the two mirrors must equal an integral number of half wavelengths of the
incident light. The constructive interference condition therefore is defined by the equation:

ndcosd = mA/2

where m is an integer termed the order of interference, n is the refractive index of the medium between the two mirrors, d is the mirror
separation and 6 is the inclination of the direction of the incoming radiation to the normal of the mirrors. Because air (n = 1) typically is the
medium between most Fabry-Perot mirrors, and the incident light usually is aligned normal to the mirrors (cosf = 1), the constructive
interference equation can be reduced to:

d=mh/2

This equation shows that the wavelength transmitted by a Fabry-Perot interferometer depends on the physical separation between the
interferometer's mirrors. Therefore, by employing piezoelectric mirror spacers to which a voltage is applied (to smoothly adjust the mirror
separation), the transmitted wavelength of a Fabry-Perot interferometer can be tuned precisely.
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For many applications, it is useful to apply a ramp voltage to the piezoelectric spacers to continuously vary the transmitted wavelength. In this
case, the mirror separation usually is scanned over several half wavelengths of the incident light resulting in an interference pattern, or
spectrum, that displays a transmission peak every time the constructive interference equation is satisfied (Figure 2). The adjacent peaks of
this repeating pattern are simply different orders of interference (m) of the same incident wavelength.
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Figure 2: Transmission pattern of a scanning mirror Fabry-Perot interferometer as mirror separation is changed.

Fabry-Perot Interferometer Figures of Merit'

The infinitely narrow transmission peaks shown in Figure 2 are not typical of a Fabry-Perot interference pattern. Instead, the transmission
peaks are better described in the spectrum shown in Figure 3. The finite width of these peaks, as well as the difference in frequency between
adjacent interference orders, define the performance of the interferometer. The terms that define Fabry-Perot performance include:

== Free Spectral Range

== Finesse

== Minimum Resolvable Bandwidth
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Figure 3: Transmission pattern of a typical Fabry-Perot interferometer. The interference fringes are equally spaced as a function of frequency.
The frequency separation between adjacent fringes is termed the free spectral range (FSR). The width of the fringe generated by a perfectly

monochromatic light source is termed the minimum resolvable bandwidth (Av ). Finesse is the ratio of free spectral range and minimum
resolvable bandwidth.

" Figures of merit are performance criteria that determine the applicability of a device
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Free Spectral Range

The difference in frequency between consecutive interference fringes is defined as the free spectral range (FSR). It is a function of the physical
mirror separation and is given by the equation:

FSR =c/2d

where c is the velocity of light.

In effect, the FSR is the interferometer's measurement window or the frequency bandwidth over which it is possible to measure without
overlapping different interference orders (Figure 4).
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Figure 4: Transmission pattern of a typical HeNe laser displaying three interference orders of the laser longitudinal modes.
If the FSR is greater than the entire operating bandwidth of the laser (top), the different interference orders are easily identified.
If the FSR is smaller than the bandwidth (bottom), it is impossible to determine which peaks are associated with the same order
of interference.

A spectrum with overlapping interference orders is confusing and difficult to interpret. Therefore, in order to obtain meaningful measurements
from a Fabry-Perot interferometer, its FSR must be greater than the frequency range or bandwidth of the incident light source.

Finesse

Finesse (F) is a factor given to quantify the performance of a Fabry-Perot interferometer. Conceptually, finesse can be thought of as the number
of interfering beams within the Fabry-Perot cavity. A higher finesse value, indicating a greater number of interfering beams, results in a more
complete interference process and therefore higher resolution measurements. The primary factor that affects finesse is the reflectivity of the
interferometer's mirrors because it directly affects the number of beams oscillating within the cavity; thus, finesse can be increased simply by
increasing Fabry-Perot mirror reflectivity. However, this is not done without consequence because higher mirror reflectivity results in a
reduction in the transmission of the incident light source. In addition to mirror reflectivity, factors that limit the finesse of a Fabry-Perot
interferometer include the mirror surface quality, as well as the vibrational and thermal stability of the interferometer.
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Minimum Resolvable Bandwidth

The minimum resolvable bandwidth (A1), or resolution, is the width (full width at half maximum peak intensity) of an interference fringe
generated when a perfectly monochromatic light source is transmitted by a Fabry-Perot interferometer. It is a function of the interferometer's
FSR and finesse and is defined by the equation:

Av =FSR/F

The highest possible resolution (smallest minimum resolvable bandwidth) is achieved when a Fabry-Perot interferometer has the smallest FSR
and the highest finesse appropriate for the incident light source.

Fabry-Perot Interferometer Configurations

In order to satisfy the many different FSR and finesse requirements of the various Fabry-Perot interferometer applications, many configurations
are available. Each configuration offers different advantages due to the type of mirrors used to form the Fabry-Perot cavity.

Plano-Mirror System
The plano-mirror Fabry-Perot interferometer uses a pair of very flat mirrors, which are precisely aligned parallel to each other. Its primary
advantage is that it is the most versatile system available and therefore satisfies the requirements of virtually any Fabry-Perot application.

One aspect of this system's versatility is that it provides a variable FSR because there are no restrictions on the distance by which plano-
mirrors can be separated. Consequently, the resolution of this type of Fabry-Perot interferometer can be optimized by minimizing the FSR with
respect to a specific light source. In addition, because plano-mirrors can be positioned with a very small separation, which results in a large
FSR, plano-mirror Fabry-Perot interferometers can operate effectively with broad-bandwidth light sources.

The plano-mirror Fabry-Perot interferometer also provides a large clear aperture. This is important for applications using large beams, when
low signal strengths require a large solid angle of viewing, or when high background conditions require a multipass configuration.

Confocal Mirror System

The confocal mirror Fabry-Perot interferometer is a special type of spherical mirror system that uses a pair of concave mirrors whose radii of
curvature are equal to their separation, resulting in a common focus. This type of system is, by far, the most user-friendly. High finesse is
achieved easily, not only because the focusing of the incident beam reduces possible finesse degradation due to mirror surface imperfections,
but also because the common focus of the mirrors results in a simple alignment procedure. The only limitation of a confocal mirror system is
that its FSR is fixed by the radii of curvature of the mirrors. In order to change the FSR, the mirrors must be replaced by mirrors with different
radii of curvature.

For confocal-mirror Fabry-Perot interferometers, the constructive interference condition is different. This results in an FSR that is half that of
the plano-mirror systems, and is given by the equation:

FSR = c/4d
The physical reason for this can be described geometrically by the path of the incident light in a confocal-mirror Fabry-Perot interferometer.
As shown in Figure 5, the beam undergoes four mirror traversals (instead of two) before it interferes with the incident beam. This results in

the following constructive interference equation:

d=mi/4
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Figure 5: The path of incident light in a confocal-mirror Fabry-Perot interferometer.

Conclusion

The factors described above are key in performing successful spectral analysis. Taking all these elements into consideration, EXFO Burleigh
Products Group has used its expertise in interferometry to develop a unique family of high-performance laser spectrum analyzers that can
precisely characterize the spectral features of virtually any telecommunication laser source. EXFO's SA™ and TL series laser spectrum
analyzers provide the highest possible resolution measurements of laser linewidth, longitudinal mode structure and frequency stability.

Corporate Headquarters > 400 Godin Avenue, Vanier (Quebec) G1M 2K2 CANADA | Tel.: 1 418 683-0211 | Fax: 1 418 683-2170 | info@exfo.com

Toll-free: 1 800 663-3936 (USA and Canada) | www.exfo.com

EXFO America 4275 Kellway Circle, Suite 122 Addison, TX 75001 USA Tel.: 1 800 663-3936 Fax: 1 972 836-0164
EXFO Europe Le Dynasteur, 10/12 rue Andras Beck 92366 Meudon la Forét Cedex FRANCE  Tel.: +33.1.40.83.85.85 Fax: +33.1.40.83.04.42
EXFO Asia-Pacific 151 Chin Swee Road, #03-29 Manhattan House SINGAPORE 169876 Tel.: +65 6333 8241 Fax: +65 6333 8242
EXFO China Beijing New Century Hotel Office Tower Room 1754-1755 Beijing 100044 P. R. CHINA Tel.: +86 (10) 6849 2738 Fax: +86 (10) 6849 2662

No. 6 Southem Capital Gym Road

k= /\1

c € [~ EXPERTISE REACHING OUT
Appnote094.2AN © 2005 EXFO Electro-Optical Engineering Inc. All rights reserved. N/  Prntedin Canada 05/05


http://www.exfo.com/en/index.asp


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


